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Foreword

Israeli -Palestinian Water Issues – From Conflict 
To Cooperation

This book Israeli-Palestinian Water Issues- From Conflict to Coopera-
tion authored by a group of leading Palestinian, Israeli and international
water experts is a unique and timely document illustrating the impor-
tance of mutual understanding, respect and amity among peoples dur-
ing a difficult period of stress, whose leaders, sadly, have not yet found
the way of resolving the conflicts between them and of living in peace
with each other. Nevertheless it is a book which demonstrates hope, op-
timism and belief that people with good will in their hearts can help
contribute to finding the way to peace and mutual cooperation in solv-
ing shared problems essential for their mutual survival and welfare. 

The participants in the 2nd Israeli- Palestinian International Conference
on Water for Life in the Middle East held in Antalya Turkey in October
2004, which served as the source of most of the papers in this book
concluded the Conference with the following declaration:

We two hundred participants in this Israeli-Palestinian International
Conference … complete our conference with a sense of optimism. It is clear
that the Palestinian and Israeli participants, along with their international
partners remain committed to solving the many challenges associated with
water quantity and quality in our region. … We recommend that the govern-
ments of the region and the international community undertake a commit-
ment to support the development and implementation of collaborative work
… to ensure equitable utilization of the water resources among all the ripari-
ans…with priority given to meeting vital human needs.

This book is unusual since it represents true joint efforts of Israelis and
Palestinians working closely together in coordination and harmony. All
aspects of the conference and this book were planned, managed, organ-
ized and edited by joint Palestinian-Israeli teams working in a spirit of
cooperation.

The water crisis facing the nations in the Middle East today will become
even more serious over the next twenty years, unless dealt with energet-
ically and in good time. Populations are growing and the standard of liv-
ing is expected to increase, leading to increased demand for domestic
and urban water supplies required to meet vital human needs, while the
amount of the natural water resources available remains more or less
fixed. Water from additional non-conventional sources such as recycling,
desalination and import are all possible particularly in an era of peace
and cooperation.

This is true for the water short Israelis, Jordanians and Palestinians and
is particularly true for the Palestinians who are the most water deprived
peoples on the Jordan River Basin. This situation requires urgent action
on the part of the countries of the region, the international community
and civil society generally. The human suffering and economic stress re-
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sulting from the evolving water crisis can be alleviated and even resolved
in the framework of equitable reallocation of water resources, regional co-
operation, peace promoting water projects and promising new technolo-
gies such as desalination and advanced water recycling and reuse for the
benefit of all peoples of the area living side by side in peace. 

The present situation as regards resolving the water issues through a much
needed and much wanted long term peace agreement between Israelis
and Palestinians is far from encouraging. Many people feel frustrated and
impotent as a result of recent events. However, in October 2004 some
200 water scientists from 25 countries including about 120 Israelis and Pal-
estinians joined by other leading water experts from the Middle East and
the rest of the world gathered together at the 2nd Israeli-Palestinian In-
ternational Conference on Water for Life in the Middle East in Antalya
Turkey. This superb turn-out of top level participants took place despite
the very difficult, almost impossible, political and security situation in the
area at that time. This included a security crisis and closure of the Gaza
Strip, road blocks and a general environment of violence. We believe that
this occurred because the participants shared with us the belief and con-
viction that there is a sign of hope on the horizon, even if distant, and
there is something that each one of us can and should do to further this
hope in his or her own way. 

The overall goal of the Conference was the promotion of fruitful dialog,
exchange of ideas, the development of mutual understanding and the de-
sire to prepare the ground work for a better appreciation of shared prob-
lems and the development of approaches to resolving the water problems
of the region in an era of peace. 

Many of papers selected for publication in this book contain frank and
outspoken comments and critical statements concerning the often con-
flicting positions and views of the Israelis and the Palestinians on shared
water issues. No papers were censored and the views in each case repre-
sent the personal, often strong, views of the authors. They will surely stim-
ulate discussion and at times heated responses. However, it is the view of
the editors that all these conflicting views should be brought out frankly
for open discussion so that both groups know what are the deep feelings,
fears and concerns of the other. We believe that this way will lead, eventu-
ally, to understanding and resolution of conflicts. 

We trust that this will further the preparation for the peace process that
we believe is sure to come. We feel that this book and the delegates who
participated in the process of promoting peace through dialog among sci-
entists played an important role in what is called “second track diplo-
macy”. We believe that this has helped shape a community of those who
are directly concerned with water issues and helped develop closer per-
sonal relations between them. All this, in addition to making a positive
and important academic contribution to the state of knowledge of the
problems to be overcome.

This book includes 44 of the full texts selected from the 80 papers pre-
sented at the Conference as well as a number of other invited papers.
These papers were all reviewed and adjudicated by the Academic Editorial
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Committee and found worthy of publication as peer reviewed papers.
To our regret some of authors who presented papers at the Antalyia
Conference did not prepare full edited papers for inclusion in this book
which may result in a degree of imbalance. It is particularly regretted
that an important paper presented by a senior official of the Office of
the Water Commissioner in Israel was not submitted for publication. 

The proceedings are divided in to the following parts:

Part I: Geopolitical Israeli-Palestinian Water Issues

Part II: Trans-boundary Regional Issues: Jordan River and Dead Sea

Part III: Water Trade and Water Markets

Part IV: Water Imports In The Middle East

Part V: Water Co-operation and Conflict Resolution

Part VI: International Water Law 

Part VII: Water Resource Management

Part VIII: Impact of Climate Change

Part IX: Water and Wastewater Technology in the Middle East

We believe that this book which contains the collected thoughts and
ideas of leading Palestinians, Israelis and international water experts will
provide valuable source material for water scientists, engineers, econo-
mists, lawyers, administrators, managers and policy makers interested in
understanding, developing, managing and protecting the scarce shared
water resources of the Middle East and for the promotion of “Water for
Life” for the benefit of all the nations of the region.

Jerusalem, Spring 2007

Hillel Shuval and Hassan Dweik, Coeditors

Professor Hillel Shuval Professor Hassan Dweik
The Hadassah Academic College Al Quds University
and Professor Emeritus- Abu Dies,
The Hebrew University Palestine Authority
Jerusalem, Israel
Email: hshuval@vms.huji.ac.il Email: hdweik@planet.edu
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Preface

Robin Twite

Director, Environment and Water Program
Israel-Palestine Center for Research and Information (IPCRI) 
Email: robin@ipcri.org

The great majority of the contributions to this book have been selected from those which
were originally presented to a Conference organized by the Israel Palestine Center for Re-
search and Information (IPCRI) at Antalya in Turkey in October 2004. IPCRI is a Jerusa-
lem-based NGO which was founded in 1989 by Israelis and Palestinians eager to work to-
gether on issues which had to be resolved before a final peace settlement can be reached
between Israelis and Palestinians. IPCRI has always advocated a two state solution and the
resolution of difficult issues by way of mutual understanding and creative compromise. It
has been generously funded by the international community and private foundations since
its inception and has organized a wide variety of conferences and seminars; undertaken
joint research on political, educational and environment issues; and published many books
and pamphlets. On this occasion we are happy that Springer Verlag has decided to publish
selected articles based on presentations at Antalya, thus ensuring a wider distribution of
the contents that IPCRI could normally obtain.

In the course of its fifteen years of work on issues which divide Israelis and Palestinians,
the so-called final status issues, IPCRI has devoted much time to environmental and water
problems. Even after the second intifada (outbreak of violence) broke out in 2000, IPCRI
was able to organize small meetings of experts to discuss water related issues. These meet-
ings were informal in character. They were not intended to reach decisions but to enable
professionals from the two communities to meet in a relaxed atmosphere. Because Palestin-
ians were unable to stay overnight in Israel and vice-versa, the meetings took place in An-
talya, Turkey. It was at one of these meetings in 2003 that those present suggested there
was a need for a larger gathering such as that which had taken place in 1992 in Geneva
when IPCRI was one of a group of sponsors of the ‘First Israeli-Palestinian International
Academic Conference on Water’. This would enable a review of current research and think-
ing about water problems to take place and at the same time provide a venue for a renewal
of ties between professionals from the two communities. This recommendation was ac-
cepted and the Conference duly took place with financial support from the United States
Information Services (USIA), UNESCO, the British Government, the Heinrich Boell Foun-
dation and the German Association for Technical Cooperation (GTZ). The Turkish gov-
ernment also offered valuable logistic support. 

The present volume contains substantial contributions by Israelis, Palestinians, Jordanians,
Turks and experts from Europe and North America. They deal with the political and social
issues related to water supply, quality, use and distribution as well as with basic hydrologi-
cal concerns. Between them they demonstrate that there are grounds for hope in spite of
the present difficult political situation. Professionals on both sides recognize that they must
cooperate if they are to reach optimum solutions. The more effective treatment of waste
water and the building of desalination plants which can provide fresh water at a reasonable
cost, together offer grounds for hope that the amount of water available for domestic use,
agriculture and industry can actually be increased.
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The Conference in Antalya was attended by approximately two hundred officials, acade-
mics, representatives of NGOs and other concerned parties from Israel, Palestine, Jordan,
Turkey, a variety of European countries, the United States of America and Canada. At the
end of the conference a formal statement was agreed upon the text of which reads as fol-
lows:

We, two hundred participants in the Second Israeli-Palestinian-International Water for Life Con-
ference held in Antalya, Turkey (October 10–14, 2004), complete our sessions with a sense of
optimism. After four days of discussions, it is clear that the Palestinian and Israeli participants,
along with their international partners remain committed to solving the many challenges associ-
ated with water quantity and quality in our region. 

Water, so essential for life, is crucial for the region. Human activities caused most of our water
problems and people can solve them. But this will require coordination and cooperation. The
Israeli-Palestinian agreement with its water provisions, signed ten years ago was interim in nature,
and anticipated a final, more comprehensive agreement. Since that time, the hydrological situation,
shortages and contamination have grown more severe. Technological, regulatory and political solu-
tions exist and need not wait until a comprehensive peace agreement is reached to be applied. 

We therefore call upon leaders in the region, the private sector, and the international community
to reengage on the issue and for scientists, professionals and NGO’s to resume cooperation,
ensuring that water demand and supply management remain an issue that unifies and builds
bridges, rather than dividing our peoples.

We recommend that governments of the region and the international community undertake a
commitment to support the development and implementation of collaborative work on the fol-
lowing regional issues (listed without priority):

• To assure equitable utilization of the water resources among all riparians on an international
water course with priority given to meeting vital human needs, particularly for domestic and
urban water, above and beyond hydrological, geographic, prior use and geopolitical consider-
ations.

• Establishment of a Center of Excellence for research and training in the field of water;

• Further study of transboundary and watershed management, and especially pollution preven-
tion;

• Research into the socio-economic aspects of water supply and demand management;

• A study of the role of sustainable agriculture in the region;

• How best to increase the amount of water available and ensure its equable distribution;

• The potential impact of climate on the region’s water resources.

The present volume illustrates, as did the Conference itself, that Israelis and Palestinians
can co-operate and are willing to publish their findings under one imprint. This book in it-
self is a demonstration that not all in the Middle East is conflict and recrimination.

IPCRI would like to express its thanks to the joint editors of this book, Professors Shuval
of the Hebrew University, Jerusalem, and Professor Hassan Dweik of Al Quds University,
Jerusalem, and to the editorial committee – Professor Tony Allan of King’s College, Lon-
don; Professor Yoel Gat of the Weizmann Institute of Science; Nader al Khatib of the Wa-
ter and Environment Development Organization (WEDO), Bethlehem; Professor Alfred
Abed Rabbo of Bethlehem University; and Miriam Waldman, formerly of the Israeli Minis-
try of Science, Jerusalem. We would also like to thank our friend Hans Günter Brauch for
his invaluable contribution and the Berghof Foundation for Conflict and Peace Research
(Germany) that has been funding his work. Without his commitment it is unlikely the book
would have appeared. Finally we acknowledge with thanks the work of Toby Brooks (Can-
ada) who made a valuable contribution to the style and presentation of the text and of
Thomas Bast (Germany) who produced the book and the index.
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1 Meeting Vital Human Needs: Equitable Resolution of Conflicts over 
Shared Water Resources of Israelis and Palestinians 

Hillel Shuval

Director of the Department of Environmental Health Sciences
Hadassah Academic College-Jerusalem, Israel and Kunin-Lunenfeld 
Emeritus Professor of Environmental Sciences, The Hebrew University Jerusalem
Email: hshuval@vms.huji.ac.il

Abstract 

The Israelis and Palestinians are partners in sharing the water derived from the Mountain
Aquifer. The rainfall over that area flows naturally underground from the mountains to-
wards the areas of Israel along the coast and some 80 per cent of it has been pumped up
and utilized historically by Jewish farmers going back some 80 years within the current in-
ternationally recognized boarders of Israel. The Palestinians base their claim for their
rights for these shared waters on the fact that some 85 per cent falls as rainfall over lands
which will be included within the Palestinian State and should be allocated to them based
on the concept that the water rights should go along with the land. The Israelis base their
claim on the fact that international water law recognizes prior or historic use as a standard
basis for water rights regardless of the sources of the water. Israel cites the case of Syrian
and Iraqi claims of water rights to the Tigris and Euphrates rivers which are derived mainly
from rainfall in Turkey. 

Five riparians share the water resources of the Jordan River Basin: Syria, Lebanon, Jordan,
Israel and the Palestinian Authority. Based on estimates from the World Bank and other
sources, the 2005 availability of water resources/person/year is as follows: Lebanon:
1000 m3/per/yr; Syria: 800 m3/per/yr; Jordan: 200 m3/per/yr; Israel: 240 m3/per/yr, Pal-
estine: 70 m3/per/yr. This author has estimated that the Minimum Water Requirement
(MWR) needed to maintain a reasonable level of social and economic life and to meet vi-
tal human needs in the Middle East is about 125 m3/per/yr. The MWR would meet the
needs for water for drinking, domestic and urban purposes for a hygienic standard of liv-
ing and for commercial and industrial employment, but not for agriculture. Water for ag-
riculture could be provided by recycled water. The MWR concept has been accepted by
many as offering a fair basis for providing an equitable starting point for estimating vital
human water needs. From the above it is clear that the Palestinians suffer from the most
severe water shortages of the five riparians on the Jordan River Basin. The Lebanese and
Syrians are the relatively water rich riparian partners with some ten times as much water
per person/year as the Palestinians. This chapter proposes following the primary principle
of international water law calling for an equitable sharing of the water resources on an in-
ternational water basin, giving priority to meeting the vital human needs regardless of ge-
ographic considerations and historic claims. 

Thus, this author proposes that Israel relinquish to the Palestinians a portion of the natural
waters of the Mountain Aquifer that it currently uses. He also proposes that Lebanon and
Syria, as the two relatively water rich riparians relinquish a portion of their Jordan River
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water to the Palestinians in the spirit of the proposal of the Johnston plan of 1956. A right-
ful reallocation of water to the Palestinians should have as its goal meeting their urgent
needs for the Minimum Water Requirement. This would establish an equitable basis for
sharing the water resources to meet vital human needs as called for by international water
law from the five riparians.

Keywords: Israel, Palestine, Jordan River Basin, water-sharing, equitable- reallocation,
mountain aquifer, vital human needs

1.1 Introduction

This chapter will present an equitable approach based
on the concept of meeting the vital human needs of
both the Palestinians and Israelis so as to achieve a
just resolution of the water conflicts between these
two peoples which will hopefully bring social and
economic benefit to all. Such a resolution of these
shared water problems could provide a major impetus
to the peace process rather than being viewed as an
obstacle to peace. 

1.2 Water Resources of the Area

Based on World Bank data, this author’s estimates
and other sources, the current per capita annual avail-
ability of natural fresh water resources of the five
riparians who share the water resources of the Jordan
River Basin – Syria, Lebanon, Jordan, Israel and the
Palestinian Authority (PA) is approximately as follows:
Lebanon: 1000 m3/per/yr; Syria: 800 m3/per/yr; Jor-
dan: 200 m3/per/yr; Israel: 240 m3/per/yr, Palestine:
70 m3/per/yr (Shuval 2000). From the above it is
clear that the Palestinians suffer most from the severe
water shortages of the five riparians in the Jordan
River Basin. In this author’s view the issue of the final
rightful reallocation of shared water resources be-
tween Israelis and Palestinians must be resolved in a
final peace agreement between both sides. These
shared water resources must be referred to in any
peace agreement. They include the water of the
Mountain Aquifer, the segment of Jordan River con-
tiguous to the occupied areas of the West Bank1 and
the portion of the coastal aquifer opposite Gaza.

The waters of the Mountain Aquifer (see figure
1.1), the major portion of the recharge area which lies
under the West Bank, flow naturally underground
into Israeli territory both to the north-east and to the
west where major portions of the ground water have
been utilized by Jewish/Israeli farmers through
springs and wells going back some 80 years, within
what are now the internationally recognized borders
of Israel. 

This chapter is based on the assumption that an inde-
pendent Palestinian State will eventually evolve in ar-
eas of the West Bank in the framework of the peace
process under the ‘Road Map’ approved in principle
both by the previous government of the Palestinian
Authority and the Israeli Government, which calls for
two states side by side living in peace. Whether or not
the present administration of the PA plans to pursue
this goal is not clear at this time, but for the purposes
of this chapter this author assumes that the Mountain
Aquifer will ultimately be considered, under the spirit
of international law, as a shared body of trans-bound-
ary groundwater with claims and counter claims by
both sides for its future utilization and control, which
must be resolved, if a peace agreement is to be
achieved. International legal experts have pointed out
that prior to the Israel occupation of the Jordanian
administered areas of the West Bank in 1967; both the
Jordan River and the Mountain Aquifer were consid-
ered to be trans-boundary or shared water resources.
The same applies to the segment of the Coastal Aqui-
fer opposite Gaza.

The pre-1967 ceasefire lines which serve as the rec-
ognized border between Israel and the West Bank are
shown with a heavy black line. The hydrological di-
vide between the three sub-divisions within the Moun-
tain Aquifer are shown by the grey lines. The arrows
show the general direction of flow of the ground wa-

1 The terms ‘West Bank’ or ‘occupied areas’ refer to areas
formerly administered by the Hashemite Kingdom of
Jordan, which were occupied by Israel in response to
being attacked by Jordan in the l967 War. This area is
called the West Bank by Jordan and the Palestinians
who live there since it was thought of as the West Bank
of the Jordan River while the remainder of the
Hashemite Kingdom of Jordan was on the East Bank of
the River. The areas are referred to by their ancient bib-
lical names of Judea and Samaria by official Israel Gov-
ernment sources. However, Prime Ministry Ariel Sharon
referred to the areas as being ‘under occupation’ in his
speech of 26 May 2003. In this chapter this author
refers to the area as the ‘West Bank’ in accordance with
terms of the Oslo agreement and international usage. 
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ter. The estimated safe yield in million cubic meters/
year -MCM/yr is shown in (- - -). 

1.3 The Mountain Aquifer

The Mountain Aquifer covers the central area of the
occupied territories of the West Bank and portions of
Israel on both sides of the mountain range and ex-
tends generally from the Jezreal Valley (near Afula) in
the North to the Beersheba Valley in the South and
from the foot hills of the Judean Mountains near the
Mediterranean in the West to the Jordan River in the
East (figure 1.1). 

1.3.1 Historic Palestinian Use of the 
Mountain Aquifer Water

A full inventory of the historic Palestinian Arab use of
the water of the Mountain Aquifer prior to 1967 is
beyond the scope of this chapter; however, some qual-

itative descriptions based on estimates of past use are
presented (Shuval 1992a, 1992b). 

The early use of the Western Aquifer by the Pales-
tinian Arab population was limited to a part of the
flow of springs such as those at Rosh Ha-Ayin and the
Tanninim as well as some traditional dug wells in the
Qualqiliya and Tulkarim areas estimated at some 25–
30 million cubic meters/yr (MCM/Yr). It is estimated
that as a result of new wells dug by Palestinians in the
area in recent years their total exploitation of the
Western Aquifer is about 40 MCM/Yr. Other Pales-
tinian Arab wells and springs prior to 1967 utilized
some of the ground water in the Nabalus, Bet-Shean
area from the North Eastern Aquifer amounting to
about 25 MCM/Yr. The Palestinian use of the water
from springs and wells in the Eastern Aquifer was rel-
atively well developed prior to 1967 as confirmed by
the extensive Palestinian agriculture that developed in
the Jordan Valley area. The total withdrawal by Pales-
tinians from the Eastern Aquifer is estimated at about
60 MCM/yr of which 20 MCM/yr is brackish. 

Prior to the 1967 occupation of the West Bank by
Israel, Palestinian farmers also pumped water for irri-
gation from a number of sites along the Jordan River.
This was ended by the Israeli authorities after the oc-
cupation in 1967. According to a study by Jad Isaac of
ARIJ (Applied Research Institute of Jerusalem), Beth-
lehem, prior to 1967 Palestinian farmers irrigated
some 3000 hectares with water extracted from the
Jordan River (ARC 2001). It thus, can be is estimated,
based on irrigation rates of up to 10,000 m3/hectre/
yr that the amount of water extracted from the Jordan
River by Palestinian farmers prior to 1967 was about
30 MCM/yr. 

There appears to be no evidence that there were
any major official constraints on the development and
utilization of the natural water resources of the Moun-
tain Aquifer or Jordan River by the Palestinian Arab
population living in the West Bank under the Otto-
man, British or Jordanian Administrations between
the turn of the century and the end of the Jordanian
administration of the West Bank in 1967. However,
during this period intensive Arab development of the
ground water resources of the Mountain Aquifer
would have required investments in hydro-geological
investigations and modern deep well drilling technol-
ogy costing more than was apparently available to in-
dividual Palestinian landowners, farmers, villages or
municipalities. Thus, from a historical perspective, it
appears that the relatively limited Palestinian Arab de-
velopment of the water resources of the Mountain
Aquifer up to 1967 were mainly by local farmers and

Figure 1.1: Schematic Presentation of the Mountain
Aquifer. Source: Shuval, 1992a
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villages and were limited by a lack of organization,
planning and economic resources. This is one possi-
ble explanation for the fact that up to 1967, prior to
the Israeli occupation of the West Bank, the Palestin-
ian exploitation of the water of the Mountain Aquifer
within the West Bank amounted to less than 20 per
cent of the potential. There may be other views on
this question.

After the occupation of the West Bank in 1967, Is-
rael did not allow for any significant further utilization
of the aquifer by the Palestinians. This ruling was
based on the Israeli hydrological perspective that, in
effect, the aquifer was already being pumped and ex-
ploited to its full safe yield and that any further pump-
ing in the West Bank or Israel would lead to a danger-
ous lowering of the water table and eventual intrusion
of sea water along the coast which would lead to seri-
ous pollution of the water used by both peoples. 

However, under the terms of the Oslo agreement,
Israel has supplied some 40–50 MCM/yr of addi-
tional fresh water exclusively for domestic and urban
use to the West Bank communities and some 5
MCM/yr to communities in the Gaza Strip.

1.3.2 Historic Israeli Use of the Mountain 
Aquifer Water

About 80 years ago, long before the establishment of
Israel by the United Nations in 1948, the Jewish farm-
ers in the Jordan Valley, Bet Shan, Jezrael valley, Had-
era, Petach Tikva, Yarkon River and other areas, were
already utilizing a significant portion of the safe yield
of the Mountain Aquifer from the springs, rivers and
deep wells: by private farmers, villages and through
the Mekorot Water Company and other local organ-
ized initiatives. All of these had received official ap-
proval by the relevant authorities (Blass 1960). 

For example, the British Mandatory Government
granted in 1921 to Mr. Pinchas Ruttenberg, a Jewish
engineer, an exclusive concession for the use of the
water of the Yarkon River – one of the two natural
outlets of the Western Aquifer. His company, which
eventually became the Israel Electric Company, was
also granted an exclusive concession on all the water
of the Jordan and Yarmuk rivers in 1923, which led to
the organized utilization of those waters for power
generation and irrigation up to 1948. Today the
Mountain Aquifer is tapped by about 300 wells lo-
cated to the west of the ‘green line’, that is, within the
recognized international boundaries of Israel. In ef-
fect by 1967, prior to Israel’s occupation of the West
Bank, Israel was utilizing some 80 per cent of the po-

tential of the Western and North Eastern Aquifers
within the borders of Israel.

1.3.3 Israeli Exploitation of the Mountain 
Aquifer in the West Bank

Since the Israeli occupation of the West Bank in 1967,
Israel has drilled numerous new wells in the Moun-
tain Aquifer within the area of the West Bank, mainly
to supply water to the new Israeli settlements and
some to Palestinian communities. Official informa-
tion on the exact amount of water withdrawn by Is-
rael from within the West Bank aquifer is not availa-
ble, but unofficial Palestinian estimates indicate that it
may be about 30–40 MCM/Yr from the Eastern Aq-
uifer and another 20–35 MCM from the Western and
North-Eastern Aquifers for an estimated combined
withdrawal of some 50–75 MCM/Yr. The accuracy of
these estimates has not been validated from any offi-
cial sources. The Palestinians claim that any water ex-
traction in the West Bank for Israeli civilian settle-
ments is illegal and in violation of the Geneva Con-
vention concerning the rights and obligations of what
is defined as the “belligerent occupier” ( El Hindi
1990). Israeli Law Professor, Ayal Benvenisti (1994)
supports this interpretation of international water
law.

Based partially on some official sources from the
Israel Hydrological Service (personal communication
from Prof. Amos Bein 2005; Chaklai 2004; Gold-
berger 1992) and some unofficial estimates (Shuval
1992a, 1992b) it would appear that the estimated po-
tential safe yield of the Mountain Aquifer is about
680–700 MCM/Yr., about 500–550 MCM/Yr of
which is derived from the Western and North Eastern
Aquifers. Of this, some 350–400 MCM/Yr or 70–80
per cent is now and had been utilized within Israel’s
borders prior to 1967, with part of its use going back
some 80 years. Some 150 MCM/Yr is currently used
by the Palestinians, while it is estimated that another
50–75 MCM/Yr may be pumped by Israel from new
wells drilled since 1967 within the West Bank for use
mainly by the new Israeli civilian settlements there.
This estimate has not been validated from official Is-
raeli sources. It is estimated that there may be about
another 50–100 MCM/Yr of unutilized water in the
Eastern Aquifer which might be tapped by the Pales-
tinians as sweet water through deep wells. Some of
these wells, such as those at Herodian, have already
been drilled with mixed success. The possibility of ad-
ditional sources of yet untapped water in the Eastern
Aquifer is specifically mentioned in the Oslo B agree-



Meeting Vital Human Needs: Equitable Resolution of Conflicts over Shared Water Resources 7

ment and estimated at 100 MCM/Yr as potential sup-
plemental water supplies for the Palestinians. How-
ever the amount of water potentially available from
this source is as yet unverified. In addition, Israel de-
livers 40–50 MCM/yr to West Bank municipalities for
domestic and urban use only, in accordance with the
Oslo agreement. 

The Palestinians pump some 100 MCM/Yr from
the Gaza Aquifer, which however, has an estimated
long term safe yield of only 60 MCM/Yr and suffers
from severe over-pumping and degradation. Much of
it is unfit for use as drinking water. The Israeli settle-
ments in Gaza pumped an additional 5 MCM/Yr, or
more. These wells reverted to the Palestinians, on the
withdrawal of the Israeli settlements from Gaza in the
summer of 2005. This set an important precedent of
Israel’s returning water resources to the Palestinians
used previously by settlers on their withdrawal from
the area. In addition Israel has offered to sell the wa-
ter-short Palestinian’s in Gaza significant amounts of
additional drinking quality water derived from Israel’s
first major desalination plant in Ashkelon, which was
completed at the end of 2005. 

The total estimated available water for the Pales-
tinians from the local aquifers in the West Bank and
in Gaza, in 2006 is thus estimated at about 250
MCM/Yr. It is estimated that there may be an addi-
tional amount of some 50 MCM/Yr in yet undevel-
oped sources in the Eastern Aquifer. With the poten-
tial water increase that might be available to the
Palestinians in the West Bank, without reallocation of
water by Israel, the total available to the Palestinians
would be about 300 MCM/Yr.

1.4 The Palestinian and Israeli 
Positions and Claims

It is essential to spell out the positions, claims and
counter claims as well as the real and perceived fears
and concerns of both sides in the dispute over the
shared water resources, mainly those concerning the
Mountain Aquifer, centered in the West Bank. 

1.4.1 Palestinian Positions 

The Palestinians position is that while some 80 per
cent or more of the flow of the Western and North
Eastern sections of the Mountain Aquifer are derived
from rainfall over the West Bank areas slated for inclu-
sion in the future Palestinian State, 85 per cent of the
water is currently extracted from deep wells and

springs mainly within the borders of Israel. The posi-
tion of the Palestinians is that these waters should be
considered shared waters which should be allocated
on an equitable basis. Some authors consider them
Palestinian water derived from Palestinian land areas
that should be allocated for their use. The Palestini-
ans, many of whom are farmers and villagers whose
families have been living on these lands for hundreds
of years, have a strong attachment to the land and the
water that falls as rain over it, nourishes and sustains
it and them. They feel keenly that they should not be
deprived of the natural resources, such as water, that
should go along with the land (Haddad 2005). The
Palestinians have strong feelings about the need to
recognize their just claims to their ‘water rights’, par-
ticularly in relation to the ground water of the Moun-
tain Aquifers under the lands that will be part of the
future Palestinian State. They also have claims to a
portion of the water of the Jordan River which they
utilized prior to the Israel occupation in 1967 and to
more water which would have been allocated to the
Palestinians in the West Bank under the proposed
Johnston Plan of 1955. 

In general, the Palestinians claim the priority
rights to complete and total control of the Palestinian
water of the mountain aquifer. They reject expensive
schemes to desalinate sea water or import water from
other nations for Palestinians as proposed by Israel.
Such schemes would be under Israeli management
and control. They fear that such projects are expen-
sive and will perpetuate Israeli control over their vital
water supplies and their life which would deprive
them of their independence. The Palestinians hold
that if Israel wants to, it could develop such projects
as desalination on their own. Israel in return could
then forgo claims to the local, easily accessible, Pales-
tinian water sources available under the land areas of
the Palestinian State to be established in the West
Bank. The Palestinians see the return of their water
rights together with the return of their land as one of
the most important issues in the establishment of
their national identity and independence in the Pales-
tinian State to be formed. 

1.4.2 Israeli Positions

The basic Israeli position is that it has legitimate his-
torical/prior use riparian water rights to that portion
of the Mountain Aquifer’s natural water flow cur-
rently used within the recognized international bor-
ders of Israel, based on the principle of prior or his-
toric use according to international water law. Israel
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rejects the claims that it has ‘stolen’ the water of the
Mountain Aquifer from the Palestinians. Israel points
out that major portions of that water have always
flowed naturally underground into its territory and
eventually into the sea. Meanwhile water systems have
been developed by early Jewish residents and by Israel
at great expense and fully utilized over a period of
time going back some 80 years. These waters are cur-
rently used to meet vital human, social and economic
needs in Israel. It is Israel’s view that depriving them
of that water would cause significant and appreciable
harm, which is against the principles and spirit of
international water law. Israel’s official governmental
position is that it will not relinquish to the Palestinians
any of the natural waters of the Mountain Aquifer or
other sources that it is currently using and has used
historically. However, Israel has stated that it is pre-
pared to offer the Palestinians significant options for
additional water from desalination and other possible
new sources of cooperatively developed new water
projects. In fact, Israel has already allocated some 50
Million Cubic Meter/year (MCM/yr) of additional
water to the Palestinians.

Israelis are concerned that if the Palestinians
achieve independence, in all or part of the West Bank,
they will, once they gain physical control of the terri-
tory, insist on making good on their claim that all of
the water of the shared Mountain Aquifer that is
derived from rainfall within the West Bank be allo-
cated exclusively for their own use. Israelis are con-
cerned that this will lead to unrestricted and unlim-
ited pumping in the feed areas of the Western and
North Eastern Aquifers. This fear is compounded and
exacerbated in Israel’s eyes by the fact that after the
transfer of the Gaza Strip to the administration of the
Palestinian Authority some 1000 or more new wells
were dug there by Palestinian farmers, resulting in
serious uncontrolled over-exploitation and pollution
of the limited Gaza aquifer. Also, in the past few
years, Palestinians have dug several hundred new,
unapproved, wells in the Western Aquifer areas of the
West Bank under their control. Israeli water supply
managers are concerned that any reduction in Israel’s
ability to continue to pump from the existing wells
whose source is the Mountain Aquifer that it has
historically used within Israel, will seriously reduce
Israel’s ability to manage, control and regulate its
water supply needs and cause it appreciable harm.

Several of the authors of chapters in this book and
in other publications are highly critical of Israel's man-
agement of the shared water resources and have
included strong disparaging remarks and serious accu-

sations. Some may be justified and others are incor-
rect and misleading. While I agree with some of the
criticisms of Israel’s policy I think that many of the
accusations are erroneous, needlessly inflammatory
and are not always formulated in proper academic
language or in the spirit of open academic discourse.
It is thus appropriate to attempt to present here a
more balanced approach. To the best of my judgment
the Israeli official and unofficial comments and or
response to some of the claims and accusations made
by Palestinian and other authors in this book are
briefly summarized as follows: 

a.) Jewish farmers, villages and water companies have
legally developed the water resources of both the
mountain and coastal aquifers within the current
internationally recognized borders of Israel with
full approval of both the Turkish and British Man-
datory Government authorities going back some
80 years, well before the occupation of the West
Bank in 1967. Under the letter and spirit of inter-
national water law, this historic or prior use pro-
vides Israel with rights for the legal continued use
of these waters. These waters which flow naturally
into Israel, and are extracted within the borders of
Israel were not ‘stolen’ from the Palestinians.
International water law does not recognize that
the upstream country owns the water that flows
into a neighboring country. Turkey as the source
country, does not own the waters of the Tigris
and Euphrates Rivers; and Syria and Iraq have not
stolen Turkish waters. The statements that Israel
steals or mines water from the Palestinian Moun-
tain Aquifer, which is actually a shared aquifer is
inflammatory, misleading and incorrect hydrologi-
cally since the ground water flows naturally into
Israel and the wells are within Israel’s boarders.

b.) There were few or no restrictions on the Palestin-
ians farmers and villages in the development of
their water resources from these same shared aqui-
fers during the Turkish or Mandatory periods nor
during the period of the Jordanian administration
of the West Bank from 1948–1967. It is incorrect to
blame Israel for this lack of historic water supply
development during a time that three outside
powers, none of which was Israel, governed Pales-
tine. 

c.) Israeli officials reject the claims that its extraction
of water from the Jordan River is in violation of
international water law. Israel also rejects the accu-
sation that it has totally disregarded the principle
of equitable sharing of the Jordan River water. Just
the opposite, Israelis claim that under the sponsor-
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ship of the American negotiator Eric Johnston in
1955–56, Israel negotiated in good faith with Syria,
Lebanon, and Jordan for the fair and equitable
sharing of the waters of the Jordan River Basin, a
portion of which would have been allocated to the
West Bank for the Palestinians. A draft agreement
for equitable shared use was reached with all the
partners but was rejected and torpedoed by the
Arab League on political grounds, since they
refused to recognize Israel's right to exist and to
withdraw any water from the Jordan. This posi-
tion was against the spirit and basic principles of
international water law of equitable sharing
between all riparians on joint water resources.
Israel then reached an informal agreement with
Jordan, sponsored by the United States, for
mutual extraction of water from the Jordan Basin.
Jordan extracted water for the irrigation of the Jor-
dan Valley and transported a portion outside the
basin to Amman, while Israel transported a por-
tion to the Negev. There is nothing in interna-
tional water law to prevent transfer of water out-
side the watershed. Israel's sharing of the waters
of the Jordan River with Jordan is now formalized
in the 1994 peace agreement with Jordan.

d.) Israeli officials reject the claim that by building its
National Water Carrier, which was done with the
unofficial agreement of Jordan, makes it solely
responsible for the drying up of the Lower Jordan
River and Dead Sea. In fact Syria and Jordan are
also primary extractors of the water of the upper
Jordan and Yarmuk Rivers which are the sources
of the lower Jordan River and the Dead Sea.

e.) The claim that the Lower Jordan is polluted today
is sadly quite correct. However, Israeli officials
reject the claim that only wastewater from Israel
pollutes the Jordan River. They point out that
there are numerous sources of wastewater flow
from Jordan and Syria, including the sewage of
Amman which pollutes the Jordan River.

f.) Israeli officials and hydrologists reject the claims
by some Palestinians that after 1967 Israel's
requirements for licensing of new Palestinian wells
in the West Bank were punitive and discrimina-
tory. Actually, according to the independent pro-
fessional estimates of expert hydrologists, the
Mountain Aquifer was fully utilized to it maximum
safe yield by wells within Israel, well before the
Israeli occupation of the West Bank in 1967. Israel
did not allow further wells to be dug in Israel with-

out a specific license. The same regulation applied
to Palestinians in the West Bank.

g.) The claim that Israel has not recognized Palestin-
ian water rights is incorrect. The Oslo II accord of
1995, specifically mentions the recognition of Pal-
estinian water rights to an equitable portion of the
mountain aquifer. In fact based on the Oslo II
accord, Israel has increased the Palestinian share
of the Mountain Aquifer by some 50–70 million
cubic meters per year. However, it was mutually
agreed that the exact amounts to be allocated to
the Palestinians are to be determined in the frame-
work of the final peace agreement with the Pales-
tinians. During the Israeli-Palestinian peace negoti-
ations under the auspices of President Clinton in
2000, Israel made serious proposals to increase
the Palestinian portions of the shared water
resources reported to be some 200 million cubic
meters per year- almost a doubling of their pres-
ently available water resources and providing a sig-
nificant improvement in the Palestinian quality of
life. Sadly, the Palestinians withdrew from those
negotiations, which essentially put an end to the
possibility of increasing their share of the water
resources. The possibility of a peace agreement
including a resolution of the water issues seems
distant today, after the election of the Hamas gov-
ernment, which totally rejects negotiations, recog-
nition or peace with Israel. However, Israel still
holds that in the framework of a peace agreement
there is a basis for a significant increase in the Pal-
estinian share of the water resources. 

h.) The claim that Israel is responsible for the fact
that many Palestinian villages do not have water
supply piped to the homes is knowingly mislead-
ing and basically incorrect. During the Turkish,
British and Jordanian administration of the West
Bank very few villages had water supply systems
and most of the local villages did not have the
required funds to develop them. The Palestinian
institutions sadly did not have the organizational
initiatives or funds to sponsor building of village
water supplies and neglected the existing water
supply infrastructure. During the period of the
Israel’s administration of the West Bank, some
one hundred new village water supplies were con-
structed, infrastructure improvements were made
and thousands of families were connected to
water in their homes – more than was ever done
under the Jordanian administration. However, it is
sadly true that there are still many Palestinian vil-
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lages and homes without proper water supply –this
is not Israel's fault.

i.) Some Palestinian authors claim that Israel has dug
deep wells near Palestinian shallow wells causing
them to dry up. While this may have happened in
a few cases, Israel compensated the villages with
new sources of external water supplies. However,
independent hydrological investigations point out
that the deep Israeli wells tap a lower aquifer
which is separated in most cases from the shallow
aquifer used by Palestinians. Israel officials point
out that most of the complaints and accusations
were made during the severe draught period of
1998–90, which resulted in many Palestinian shal-
low wells drying up naturally as a result of the
draught. These wells resumed their normal flow
after the draught ended. However, the stories and
accusations of Israeli malfeasance continue to be
spread to this day.

j.) Some Palestinians blame Israel for the serious deg-
radation of the aquifer under Gaza. The water
quality there is indeed very poor. However the sad
fact is that in 1967, when Israel occupied Gaza,
there was already serious over-pumping of the
aquifer allowed under the Egyptian administra-
tion, which led to the intrusion of sea water and
serious pollution of the ground water. Under the
Israeli administration, there was an attempt to
reduce the over pumping and prevent pollution.
However, within months after the administration
of Gaza was handed over completely to the Pales-
tinian Authority under the Oslo Accord, hundreds
of illegal wells were dug by Palestinian farmers;
resulting in even more severe over pumping and
ground water pollution. The PA made little or no
efforts to curtail the serious pollution of the
ground water there.

k.) Some Palestinian authors claim that a major share
of the flow of the Jordan River amounting to
many hundreds of million cubic meters per year
belongs to the Palestinians. It is true that prior to
the 1967 occupation of the West Bank by Israel,
Palestinian farmers pumped certain amounts of
water from the Jordan River and thus can, under
international water law, claim certain prior use
rights. According to the published study by Pales-
tinian researcher, Jad Isaac of ARIJ the total
amount of water pumped by Palestinian farmers
from the Jordan prior to 1967 can be estimated at
about 30 million cubic meter per year not ten to
twenty times that amount. Some Israelis point out
that such highly exaggerated, inflated and unrea-

sonable claims cast reflections on the academic
credibility of such authors and place a heavy cloud
over rational negotiations, making it difficult to
achieve a fair and equitable reallocation of the
shared water resources.

What can be done to resolve these conflicts in light of
the above partial list of the claims, counter claims and
fears of the parties which seem at first sight irreconcil-
able? These issues will be examined in more detail.  

1.5 Role of International Water Law 

The 1997 United Nations Convention: Law of the
Non-Navigational Uses of International Water
Courses provides the main basis for international wa-
ter law. Although only a relatively few countries have
signed and ratified the convention and it has not as
yet been formally activated since this requires the rat-
ification by 35 nations, it is nevertheless considered
the guiding spirit of international water law at this
time. Many question whether this document applies
to ground water but Daibes-Murad (2005) points out
that it does apply to a some degree. Although it is in
no way binding, international legal experts and nego-
tiators are aware of the fact that its principles hover
over negotiation tables and do have a decisive influ-
ence. The Convention has promulgated two major
and equal guiding principles:

• To assure equitable utilization of the water
resources among all riparians on an international
water course with priority given to meeting vital
human needs, particularly for domestic and urban
water, above and beyond hydrological, geo-
graphic, prior use and geopolitical considerations.

• The obligation not to cause significant or appreci-
able harm to other riparian states.

The principle of equitable utilization of water re-
sources among the riparians on a shared international
water course is a deeply embedded principle of inter-
national water law drawn from the earlier and widely
accepted Helsinki Rules of 1976. It has been reinfor-
ced by the recently drafted ‘Berlin Rules’ of the Inter-
national Law Association (2004) which have recon-
firmed and expanded the equitable utilization
concept. While Article 13 of the Berlin Rules “Deter-
mining an Equitable and Reasonable Use” lists a
number of relevant factors that should be considered,
Article 14 “Preference among Uses” specifically states:
“In determining an equitable and reasonable use,
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states should first allocate water to satisfy vital hu-
man needs.” 

Most authorities in international water law have
come to the following conclusions: There is no legal
basis in international water law for the claim of some
nations that they have sole and exclusive rights over
the use of water derived from sources within their ter-
ritory. The upstream country has rights to the equita-
ble shared use of the water but not to sole and exclu-
sive rights. The Syrian and Iraqi claims for the
continued use of water of the Tigris and Euphrates
Rivers that originate in up-stream Turkey are fully ac-
cepted under international law. However, the claim
that Syria has absolute rights to all the water of the
Jordan River emanating in Syria and that Israel, as one
of the down-stream users has none, would not be ac-
cepted as being in compliance with international wa-
ter law. Similarly Egypt has fully recognized rights un-
der international law for the continued use of the
water of the Nile which originate entirely in up-stream
countries. 

International water law does recognize the legiti-
macy of prior or historic use rights but the claim that
prior and historic use assures immutable and sole wa-
ter rights is also not absolute in terms of international
water law. Modern concepts of international water
law, which emphasize the requirement of equitable
sharing among all the riparians with priority given to
meeting vital human needs for domestic and urban
water use on a trans-boundary water basin obliges
both the upstream source countries and downstream
historic users.

Based on modern principles of international water
law, both the historic riparian rights of Israel as the
downstream user and the rights of the Palestinians as
the upstream party on a shared body of water must be
considered on the basis of equity and vital human
needs (Shuval 1992a; Daibes 2005). Both parties to the
conflict would be expected, in the first instance, to
negotiate directly between themselves to arrive at a
settlement based on the principles of ‘equitable
shared use’ rather than to enter a confrontational liti-
gation, expecting some supra-governmental authority
to enforce a judgment based on what each side views
as their legitimate water rights. In the one case of this
type based on conflicting claims of water rights ever
brought before the International Court of Justice, the
Court ruled that the dispute should be returned to
parties who should resolve it by direct negotiations
(Wolf 1997).

There are varying views as to whether or not inter-
national water law is mandatory or enforceable, how-

ever, there is a general agreement that whether man-
datory or not the principles of equitable shared use
and priority to meet the vital human needs of nations
and peoples who share international water resources
hovers above the negotiation tables and have a strong
influence on the negotiations. In the final analysis the
Palestinians and the Israelis will have to determine,
through direct negotiations between them, what they
consider to be fair and just equitable sharing of the
common water resources in order to meet vital hu-
man needs. 

1.6 Minimum Water Requirement as 
a Basis for Estimating the 
Legitimate Water Needs of the 
Parties

In order to determine the legitimate minimum reason-
able water requirements of the parties to meet vital
human needs as called for by international water law,
this author has have made an estimate of the baseline
vital human water needs of the parties required to as-
sure an acceptable level of health and hygiene, to en-
sure sustainability and a reasonable standard of living
in an arid area. It can be assumed that the partners to
the dispute will each require, as a minimum degree of
water security to meet vital human needs, access,
mainly from within their territories to adequate and
equitable allocations of good quality drinking water
required for human health and welfare. In 1992, Shu-
val (1992a, 1994) formulated the concept of the Mini-
mum Water Requirement (MWR) which is an esti-
mate of a reasonable amount of good quality water to
meet the basic vital human needs for drinking water
and for domestic and urban use in the arid Middle
East. Based on these studies, the figure he suggests for
the MWR is about 125 m3/person/ year. 

This level of water usage is also the current level of
water demand in the domestic/urban sectors in Israel,
which assures a good hygienic standard of domestic
and urban life and sufficient water to assure a liveli-
hood for human survival and sustenance of the
population in commerce, trade, and industry (Braver-
man 1994). It is also the level of domestic/ urban sec-
tor water use in several European countries living with
acceptable high standards of domestic hygiene, sus-
tainability and economic life. In the United States
domestic and urban water demands are greater and
average some 180–200 m3/per/yr. This author has in-
cluded in his concept of vital human needs, as called
for by international water law, both water for domes-
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tic use as well as drinking quality water for urban use
to assure a livelihood required for human survival, ex-
cluding agriculture. I have assumed that this level of
urban sector water consumption can be maintained
for a long time into the future if coupled with sound
measures of water conservation. Today, the Palestin-
ian domestic and urban use is at a much lower level at
about 35 m3/per/yr, due both to water shortages and
and/or inadequate water supply infrastructure as well
as to socio-economic factors. In many cases the Pales-
tinian domestic water use does not meet the mini-
mum for hygienic standards recommended by the
World Health Organization of 100 l/per/day (about
37 m3/per/yr). Braverman (1994) in his report to the
World Bank estimated that in the future, as Palestinian
socio-economic conditions improve it can be esti-
mated that their water requirements for domestic, ur-
ban, commercial and industrial use will be similar to
that of Israel or about 100–125 m3/per/yr. The MWR
proposed above should be a goal to be achieved, in
time, based on the assumption that all nations in the
Jordan River Basin will eventually reach similar socio-
economic levels and will require at least that mini-
mum MWR on an egalitarian and socially just basis. A
number of Israeli, Palestinian and international water
experts have accepted the MWR concept as providing
a fair basis for evaluating vital human needs and for
cooperation between Israelis and Palestinians and of
the other riparians in the Jordan River Basin (Assaf/
Al Khatib/Kally/Shuval 1993; Braverman 1994). How-
ever, official Israeli or Palestinian authorities have, to
date, not accepted this proposed MWR formulation. 

Water allocations for agriculture, nature, ecology
and further urban, industrial development are not in-
cluded in the MWR estimate, but significant addi-
tional quantities of water can become available for
these sectors from recycled purified municipal waste-
water which is estimated at 65 per cent of the urban
water supply (see table 1.1). After the total utilization
of all sources of local good quality drinking water
from natural sources and recycled wastewater, the fur-
ther water needs of both Israelis and Palestinians will
have to be met by desalination of brackish water or
seawater and the development of regional projects for
the import of water in an era of peace such as those
proposed by Kally (1990).

Since it is difficult if not impossible to plan for all
future developments and population growth, it is sug-
gested that the estimated MWR needs of the riparians
for a 20 year period be used as the basis for a peace
agreement which will provide for rightful real-
locations of resources that will assure a reasonable pe-

riod of water security, economic development, sus-
tainability and social stability. As an illustration it can
be assumed that the estimated populations in 20 years
(by the year 2025) will be as follows: Israel: 10 million
and the Palestinians: 6 million. The true populations
may be greater or smaller than these figures depend-
ing on many demographic and political factors which
are difficult to predict at this stage. These figures are
presented as an example of a possible scenario. Based
on this assumed population the suggested require-
ments of the basic vital human water needs – the
MWR at 125 m3/per/yr- to assure water security -
mainly from sources within each territory are as
shown in table 1.l. It is assumed that 65 per cent of ur-
ban water supplies can be treated and recycled for ad-
ditional use for agricultural, industrial, nature, ecology
and urban non-potable reuse and thus provide an in-
creased availability of water from local sources.

Assuming that the Palestinians can ultimately access
and utilize from within the West Bank and Gaza some
300 MCM/yr, including the yet unexploited water re-
sources in the Eastern Aquifer, it is apparent that they
will be short some 450 MCM/yr to meet their MWR
needs of 750 MCM/yr for the year 2025. How can the
Palestinian's obtain the needed increase in their share
of the limited water resources?

Table 1.1: Israeli and Palestinian Needs to Meet Mi-
nimum Water Requirements at 125 m3/per/yr
in 2025 for Domestic, Urban, Commercial and
Industrial Water Supply

A B C D

Country Popula-
tion

millions

MWR
MCM/yr

Water

 Recycled 
MCM/Yr
65 % of B

Total 
(B+C)

 MCM/Yr
Fresh+

Recycled 

Palestin-
ians 

6 750 490 1240

Israelis 10 1250 810 2060

Totals 16 2000 1300 3300



Meeting Vital Human Needs: Equitable Resolution of Conflicts over Shared Water Resources 13

1.7 Increasing the Palestinian Share 
of Water Resources 

1.7.1 Rightful Reallocation of Water Currently 
Utilized by Israel 

Despite the fact that Israel has strong claims of water
rights under international water law to that portion of
the Mountain Aquifer that it has used historically, it
will undoubtedly be asked to consider negotiating an
agreement on the equitable shared use of the natural
flow of that aquifer with the Palestinians in order to
reach an accommodation and to help meet their vital
human needs, in the spirit of international water law,
in the framework of the final peace agreement. Israel
will be expected to find an appropriate way to meet
the strong Palestinian demands and expectations for
increased allocations of the natural water of the
Mountain Aquifer available within the bounds of the
future Palestinian State. At this time Israel officially
opposes any such reallocations. Likewise the Palestin-
ians have their case in support of their claims of water
rights for all the water that falls as rain over the Moun-
tain Aquifer and for a portion of the flow of the Jor-
dan River that was allocated to the Palestinians living
in the West Bank under the Johnston plan (Shuval
2002). Both parties should accept the spirit of inter-
national water law which calls for equitable sharing to
meet urgent vital human needs rather than get in-
volved in endless and irreconcilable arguments about
whose claims of ‘water rights’ are stronger. 

The rightful reallocation and sharing of some of
Israel’s current use of the Mountain Aquifers water re-
sources is one of the possible source for the Palestini-
ans to meet their vital MWR needs for urgent drink-
ing water/domestic/urban sector uses. Israel’s present
official policy is not to share this water with the Pales-
tinians, but Shuval (1992) argued that it is in Israel’s in-
terest to share its water resources, although they are
rather limited, with the Palestinians, so that they not
only can survive but can thrive economically and so-
cially. Promoting a fair and equitable resolution of the
water conflicts between Israel and the Palestinians can
provide one of the important and sound cornerstones
of a permanent peace agreement. In addition, only an
economically and socially strong Palestine can be-
come a good neighbor living in peace side by side
with Israel.

However, since this author does not represent the
Israeli Government or the official water authorities in
any way or manner, he can only suggest in general
terms his own personal thoughts and estimates con-

cerning Israel’s ability to reallocate a portion of their
shared water resources with the Palestinians, who will
be in urgent need of more water for their vital human
needs for the domestic and urban sector as the years
go on. Without going into details, it is not unreasona-
ble to estimate, that at best, Israel can reallocate only
a part of the Palestinians’ needs to meet their essential
MWR up to the year 2025. Israel does not have
enough water to meet all of its own MWR needs for
the year 2025 as well as those of the Palestinians.
Since an egalitarian basis for water sharing is as-
sumed, Israel’s MWR needs must also be taken into
consideration, no less than those of the Palestinians.
It is clear that additional external sources will be es-
sential to meet all of the Palestinian MWR needs for
2025. 

Nevertheless, this author would recommend to
the Israeli authorities that they consider relinquishing
some of their current use of the Mountain Aquifer
and agree to an increase in the rightful allocation of
the Palestinians share of the water of the Western and
North Eastern Aquifers. In the first instance, Israel
should relinquish the total amount of water it is
pumping from within the West Bank for Israeli settle-
ments located there since its occupation in 1967. That
amount is unofficially estimated at some 75 MCM/Yr,
but the exact amount is not known. Israel has a weak
case in justifying the claim of prior or historic use of
any of that water and its legal right under interna-
tional water law to continue that use is in question
(Benvenisti 1994). For example an important prece-
dent has been set by the Israel authorities on the with-
drawal of the Israeli settlements from Gaza. The wells
that Israel developed there for the settlements re-
verted to the Palestinians. It would also be appropri-
ate for Israel to return all of the West Bank wells and
the water pumped by them to the Palestinians. In ad-
dition to that, this author would recommend that Is-
rael considers forgoing the exploitation of an addi-
tional 75 MCM/yr currently pumped from the
Western or North Eastern Aquifers, thus increasing
the Palestinian share of the Mountain Aquifer by a to-
tal of 150 MCM/yr. Israel would have to reduce its
own pumping from the Mountain Aquifer proportion-
ately.

Further, Israel should consider reallocating an ad-
ditional 50 MCM/yr to the Palestinians in the Jordan
Valley directly from the water of the Jordan River.
This might be seen as a symbolic recognition of the
Palestinian prior use of the Jordan River water up to
1967 (ARC 2001) from which they are currently
blocked by Israel. Thus, the total increase for the Pal-
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estinians from previously utilized or controlled Israeli
sources would be 200 MCM/yr or some 45 per cent
of the additional estimated amount needed to meet
the Palestinian MWR for the year 2025. That addi-
tional water allocated for domestic/urban use, in
stages as required, would however, go a long way in
alleviating the urgent Palestinian needs for more
drinking water and water for domestic and urban use
for the next 10–15 years at least and until additional
water allocations from other neighboring countries,
sharing the water of the Jordan River Basin, become
available. 

With that proposed rightful reallocation of some 200
MCM/yr of Israel’s use of the shared water resources
Israel will remain with just about its MWR of 125 m3/
per/yr and cannot be expected to increase it’s sharing
beyond that point. 

1.8 Should Lebanon and Syria Assist 
Palestinian Vital Human Water 
Needs?

Figure 1.2 indicates the estimated total water resource
potential from all sources of the five Jordan River Ba-
sin riparians on the basis of m3/per/yr for the year
2000. This is compared to Turkey, the water rich con-
tiguous neighbor to the countries on the Jordan River
Basin, based on World Bank, other sources (Gleick
1992) and Shuval’s (2003) own estimates. These are
rough estimates only and may not be topical; how-
ever, they do more or less correctly graphically repre-
sent the relative availability of water to each of the five

riparians. It can be roughly estimated, based on those
sources that the population of the riparians in the Jor-
dan River Basin will double over the next 20–30 years
and their estimated MWRs to meet vital human needs
for domestic and urban use required for a reasonable
level of social and economic welfare based on 125 m3/
p/yr will double as well. 

As previously stated, unless the Palestinians obtain
significant additional water supplies they will face the
most severe water shortages by 2025 with only about
35 m3/per/yr for all uses including agriculture. Both
Israel and Jordan will be at or below the MWR red
line as well. However, both Syria and Lebanon, while
not truly water rich countries, will, by the year 2025,
still easily be able to meet their own MWRs and will
have considerable amounts of water above those
needs. A rough estimate of their excess of water
resources above their own MWR needs will be about
7000 MCM/yr for Syria and 3000 MCM/yr for Leb-
anon for a total of 10,000 MCM/yr (Shuval 2003).

Even if the above rough estimated figures are off
to some degree and only half of that amount is avail-
able, there is little question that both the Syrians and
Lebanese will have much more water available to
them per person than the Palestinians by a significant
factor. As stated previously the basic overriding prin-
ciple of international water law is equitable sharing of
water resources among the riparians on a shared
international water course, giving priority to meeting
vital human needs, in particular of the urgent require-
ments for drinking water and domestic and urban
needs for human health and welfare.

Thus, in approaching the equitable allocation of
the water of the Jordan River Basin in the spirit of in-
ternational water law it is only right, socially just and
correct to first evaluate the absolute minimum vital
human needs to meet the requirements of social and
economic welfare of all riparians and to assure that
each one receives a fair and equitable share, at least to
meet those vital human needs. It then can be argued
that those riparians faced with severe water needs
should be assisted by those riparians with more plen-
tiful reserves of water resource. From the estimates of
the MWR for the year 2025 (table 1.1.) it is clear that
the Palestinians will be faced with the most severe wa-
ter shortages and will not be able to survive without
assistance from their neighbors including those on
the Jordan River Basin. The only two nations with an
estimated major excess of water reserves above and
beyond those required to meet their own MWRs will
be Syria and Lebanon, the upstream Arab neighbors
of the future State of Palestine. In the year 2025 Israel

Figure 1.2: Potential Fresh Water Resources Available in
2000. Current estimated total water reserve
potential from all sources of the Jordan River
Basin riparians based on cubic meters/
person/year compared to Turkey.
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will be just able to meet its own MWR with no more
water reserves to spare.

On the assumption that Israel will accept these
recommendations and will reallocate to the Palestini-
ans some 200 MCM/yr, this will meet some 45 per
cent of the Palestinian needs for the year 2025. If Syria
and Lebanon join together in allocating an increased
share of the flow of the Jordan and Yarmuk rivers to
be supplied directly to the Palestinians to meet the ad-
ditional 55 per cent of the amounts water that they
will require in the year 2025 it will involve an annual
allocation of some 250 MCM/yr or less than 1 per
cent of their total available water resources and 2.5
per cent of their total estimated excess water re-
sources above that required to meet Syria’s and Leba-
non’s own MWR needs. 

Is this an unreasonable demand to assure equita-
ble water sharing and to meet urgent vital human
needs of the water short Palestinians, a brother Arab
nation, who are the least fortunate of the Jordan Ba-
sin riparians? Such a reallocation of water to the Pal-
estinians from the upper Jordan River Basin sources
could be seen as a symbolic recognition of the water
allocation to the Palestinians on the West Bank
through the West Ghor Canal proposed by the John-
ston Plan of 1955 (Shuval 2000).

Lebanon and Syria can easily be even more gener-
ous with the Palestinians and assist them with their
water needs beyond the year 2025 in the framework
of regional water development projects such as the Al
Wachda-Unity Dam project being developed with Jor-
dan or the utilization of water from the Litani and
Awali rivers in Lebanon (Kally 1990) 

The ideas presented above are personal and may
be a truly unconventional approach to the concept of
equitable sharing of the water resources in the Jordan
River Basin. However, it is in my view entirely within
the spirit and principles of international water law
that those countries with more plentiful water re-
sources come to the assistance of their less fortunate
neighbors on the same international water basin. The
basis for a just and lasting peace among the riparians
of the Jordan River Basin must be based on accepting
the legitimacy of each of the partners and their rights
to an equitable share of the water. The reallocation of
the water should be based on an objective analysis of
the real vital human water needs of each and the abil-
ity of those with more plentiful resource potential to
assist those in need. Israel cannot do this alone but to-
gether with a minimal reallocation of water from Leb-
anon and Syria all of the most urgent Palestinian wa-

ter needs up to the year 2025 can be met. Is this a
utopian dream?   

1.9 Will Israel Agree to a Reallocation 
of its Current Natural Water 
Resources?

Since this author does not represent the official Israeli
government position in any way, this proposal is the
personal view of an academic who has studied the Is-
raeli-Palestinian shared water issues for over fifteen
years and has carried out discussions and dialogues
on these issues with people on all sides, representing
both official and unofficial points of view. The goal in
making these proposals is to provide food for thought
– some of it unconventional – as well as to stimulate
dialogue and debate in the hope of promoting a just
and equitable peace agreement between the sides.
One may ask – can or will Israel agree to such a real-
location of its natural water resources as proposed
above? A recent study by Frank Fisher together with
Israeli, Palestinian and Jordanian water experts and
economists provides an insightful and persuasive eco-
nomic approach to this problem (Fisher et al. 2005).
These quotes from that study speak for themselves:

Water is a scarce resource. Scarce resources have value.
And the value of water in dispute is bounded above by
the replacement cost given by desalination. No matter
how much you value water, you cannot rationally value
it more than the cost of replacing it. Hence the availa-
bility of seawater desalination places an upper bound on
what water can be worth on the seacoast. Such desalina-
tion costs roughly $ US 0.50–0.60/cubic meter at the
sea coast. The cost of extracting water from the Moun-
tain Aquifer and supplying it to cities on the seacoast is
roughly $ 0.40/cubic meter Thus it follows that owner-
ship of Mountain aquifer water can never be worth
more than about $ 0.20/cubic meter ($ 0.60–$ 0.40). If
the amount of Mountain Aquifer water in dispute
between the Israelis and Palestinians is 100–200 MCM/
yr (million cubic meters per year) than… [it follows] that
… 100–200 MCM/yr of Mountain Aquifer water can
never by worth more than $ 20–$ 40 million per year …
the sums involved are trivial … when compared to
Israel’s gross domestic product of $ 100 billion per year.
The value of the water in dispute is not sufficient to
obstruct a peace treaty, nor is it large enough to be
worth a war. 

In conclusion it must be added that water is one of
the few or perhaps the only issue involved in the Is-
raeli-Palestinian conflict where a concession by Israel
on an issue in dispute can be fully replaced or com-
pensated for by Israel by the purchase of an alter-
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native. Israel, if it decides to do so, can replace any
water reallocated to the Palestinians from the unlim-
ited sources of desalinated sea water at a reasonable
price. This is not the case with the disputes over bor-
ders, the Holy Places, Jerusalem, refugees or most
other key issues.
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Abstract

A brief historical background of the status of utilization of Palestinian water resources is
made with emphasis on the shared groundwater aquifers between Palestine and Israel. The
political process over water resources between Palestine and Israel is outlined pointing out
the lessons-learned from negotiations, the negotiation stance taken by both Parties, and
the difficulties Palestine has in implementing polices and agreements for the management
of shared groundwater resources. Guidelines for a comprehensive framework for the Pal-
estinian/Israeli management of shared groundwater aquifers is presented based on three
pillars – political, policies and cooperation. It is concluded that the region of Palestine and
Israel is plagued by conflict and thus the political and security situation can only sharpen
the critical need to formulate well-defined transboundary policies and mechanisms for
cooperation to enhance the resolution of disputes over the sustainable management of
shared groundwater aquifers. In reality, current agreements award Israel veto power over
the Palestinians’ ability to alter the unfavorable ‘status quo’, because joint management
does not apply to Israel's water sector and control on the ground is largely in Israel's
hands.

Keywords: Palestinian water resources, Palestinian/Israeli negotiations on water resources,
transboundary water resources, shared water management guidelines

2.1 Introduction and Background 

Records show that pre-1948 Jewish and Palestinian
communities in the region were consuming similar
quantities of water for both domestic and agricultural
purposes. Since the establishment of the Armistice
Line in 1949, Israel commenced restrictions on the de-
velopment of wells in the area under Jordanian admin-
istration and in parallel Israeli exploitation of water

resources accelerated and the water consumption gap
between the Israelis and the Palestinians started to
widen. In 1964 and without recognition of other ripar-
ian users needs or rights in the Jordan River Basin, Is-
rael implemented the first ‘out of basin’ transfer (Na-
tional Water Carrier System, see figure 2.1) of the
Jordan River water to the Negev and southern coastal
areas of Israel (Assaf 2004). The diversion of the Jor-
dan River has led to a possible change in the climate
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of the West Bank and a 50 per cent reduction in the
surface area of the Dead Sea which constitutes yet an-
other serious ecological, environmental, and econo-
mic problem as the Lower Jordan River is now only a
flow of sewage and wastewater from many sources of
pollution. 

After 1967, and with the annexation of the Golan
Heights and the occupation of the West Bank, Israel
increased the control over both the Jordan River
headwaters and the lower Jordan River. This control
was further extended with the invasion of Southern
Lebanon in 1978 and the establishment of the ‘secu-
rity zone’ – which was returned to Lebanon in May
2000. Further exploitation of the resources of both
the upper and lower reaches of the Jordan River con-
tinued over this period with total disregard for the
other riparians of the Jordan River Basin until the
Peace Treaty with Jordan in 1994. 

In recent years there have been many talks about
constructing a conveyance system between the Red
Sea and Dead Sea to solve the problems created by
diverting the Jordan River. At the Johannesburg Envi-
ronmental Summit in 2002, the Jordanian Minister of
Water suggested the Red-Dead Sea Canal project (the
Peace Canal) with the following objectives: to protect
the Dead Sea from disappearing; to desalinate some
850 Mcm/yr of seawater; to generate 550 megawatts/
year of electricity, and to develop new tourism and
industrial zones.

Meanwhile, colonization of the West Bank and the
Gaza Strip was carried out by the construction of set-
tlements. These settlements, in addition to utilizing a
disproportionate part of the available aquifers, dis-
charged domestic, agricultural and industrial wastes
into nearby valleys without treatment, resulting in sig-
nificant harm to the environment, and creating a ma-
jor threat to Palestinian water resources

Post-1967 actions were also effected to close many
Palestinian wells, to place restrictions on pumping ac-
companied by restrictive controls by means of licens-
ing, application of fixed operating quotas and refusal
of permission to deepen wells. Israel imposed and
still imposes facts on the ground to preserve the sta-
tus quo with regard to the allocation of water re-
sources without recognizing Palestinian rights to a
greater share of the water resources or compensation
for consequences of inequitable allocation in the past.
These facts on the ground include (SUSMAQ 2001):

• Mining the West Bank aquifers by dense networks
of wells inside the West Bank and alongside the
green line (see figure 2.2). 

• Drying-up specific Palestinian springs and wells by
drilling nearby deep wells for their own use.

Unlike Palestinian wells, Israeli wells tap deeper
aquifers and are equipped with more powerful
pumps, and in general are more efficient than
neighboring Palestinian local wells. Thus, the Is-
raeli wells have two advantages over the Palestin-
ian wells: first, their pumping capacity is higher
than the Palestinian wells; second, many are
drilled at great depths to utilize the entire thick-
ness of the tapped aquifer. The deep wells drilled
by the Israeli authorities in the area have affected
the level and quantity of water in the Palestinian
wells. The productive capacity of some of the
wells has been reduced, and springs have actually
dried up. This is due to the trapping of the
groundwater by Israeli wells.

Figure 2.1: Israeli National Water Carrier. Source:
SUSMAQ (2001). Technical Background on
Water Issues for the Final Status Negotiations,
Technical Report. Report No. SUSMAQ-NEG
#08 V1.0, Sustainable Management of West
Bank and Gaza Aquifers Project.
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• Putting obstacles to prevent Palestinians from drill-
ing new wells to meet their future water demands; 

• Controlling the utilization zones of the groundwa-
ter aquifers in Palestine and solidifying that con-
trol by constructing the Separation Wall; 

Figure 2.2: Israeli Pumping of the West Bank and Gaza Aquifers. Source: SUSMAQ (2001b). Technical Background on
Water Issues for the Final Status Negotiations, Technical Report. Report No. SUSMAQ-NEG #08 V1.0,
Sustainable Management of West Bank and Gaza Aquifers Project.
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• Intercepting groundwater from reaching the Gaza
coastal aquifer (figure 2.2); 

• Intercepting surface wadis flowing through Gaza; 
• Polluting the groundwater aquifers especially by

the wastes of the Israeli settlements.

Progressive desertification has also taken place in the
West Bank and Gaza due to the reduction of available
grazing area by 50 per cent mainly as a result of the ac-
quisition of land for settlements, military camps and
‘nature reserves’. Forestation programs in the West
Bank and Gaza that existed during the British Man-
date and Jordanian Administration were stopped un-
der the Israeli occupation and a 25 per cent effective
deforestation has taken place over 30 years, mainly
due to the establishment of the Israeli military camps
and settlements.

The entire period from 1967 to the present day
was accompanied by the degradation of existing infra-
structure and limited development in new infrastruc-
ture for water supply, sewerage and solid waste. This
resulted in insufficient and unreliable service with
poor quality along with large losses in the systems.
The Israeli ‘operator’ also cut off supplies periodi-
cally, thereby discriminating unfairly between Palestin-
ians and Israeli settlers when shortages or problems
occurred, especially during periods of drought (Assaf
2004).

Consequently, the differential in water consump-
tion between Israel and Palestine has widened from a
similar utilization in pre-1948 to more than three times
today. The differential in water use between Israeli
settlements and Palestinians is even more marked, be-
ing in the order of four to six times.

Not until the Declaration of Principles in 1993, rat-
ified by the Oslo II Accord in 1995, did the principles
of equitable utilization and the shared management of
regional resources between Israel and Palestine get of-
ficial mention and hopefully these principles will be-
come part of the negotiating agenda in the future. Ef-
fectively, Oslo II – as in the Interim Agreement – only
permitted a relatively small increase in the utilization
of water resources by Palestinians and otherwise
agreed (referred to) to a status quo on other abstrac-
tions.

Currently, in 2006, the two remaining areas of his-
torical /geographical Palestine have a projected popu-
lation of 3.6 million, with 2.3 million in the West Bank
and 1.3 million in the Gaza Strip. These projections
are based on a 1997 census that was undertaken by
the Palestinian Central Bureau of Statistics. The over-
all natural increase or population growth in Palestine
is 3.5 per cent, based on 3.2 per cent in the West Bank

and 4.0 per cent in the Gaza Strip. The Gaza Strip
may be the most densely populated region in the
world with over 3,600 persons per square kilometer in
2003. The West Bank has 407 persons per square kil-
ometer. Population increase is the fundamental pa-
rameter affecting future water needs. This determines
not only municipal demand, but also agricultural de-
mand (to feed the population) and industrial demand
(to provide an economy to support the economic de-
velopment of the population). In Palestine as a whole,
more than 50 per cent of the population lives in an ur-
ban environment, 28.5 per cent in rural areas, and 15
per cent in camps. In addition to the 3.6 million Pal-
estinians ‘in’ Palestine, there are over 4.5 million Pales-
tinians living outside, mostly in other Arab countries.
There are also another 1.5 million Palestinians living
inside Israel, as Israeli citizens. 

The aims of this chapter are (1) to assess the status
of water resources development and management in
Palestine; (2) to highlight the challenges facing the sus-
tainable development and management of the Pales-
tinian water sector. These challenges include all envi-
ronmental (including technical), socio-economic
(including governance, institutional capacity, policy,
strategy, and existing legislation), and – most signifi-
cantly – the political (including water rights issues)
challenges; (3) to analyze the Palestinian and Israeli ex-
perience of managing shared groundwater aquifers. 

2.2 Shared Groundwater Aquifers 
between Palestine and Israel

The existing water resources of Palestine are derived
from four aquifer basins (the Western, Eastern,
Northeastern and Coastal) as well as a series of
springs that emanate from the groundwater.

The West Bank is a hilly area with variable eleva-
tions from 400 m below sea level in the Jordan Valley
to 1000 m above the sea level in the hills. The rainfall
of the West Bank is strongly seasonal, mainly from
October to May. Rainfall is orographic across the
West Bank and generally varies from 700 mm/yr in
the mountains to 100 mm/yr in the Jordan Valley. The
Gaza Strip is located on the extreme edge of a shallow
coastal aquifer with a total small area of 365 km2. The
major source of renewable groundwater in the aquifer
is rainfall. Rainfall is sporadic across Gaza and gener-
ally varies from 400 mm/yr in the north to about 200
mm/yr in the south.  

There are two surface catchment areas in Pales-
tine: the western catchment areas that drain to the
Mediterranean Sea, and the eastern catchment areas
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which drain into the Jordan River and the Dead Sea
Basins. The total quantity of surface runoff which
originates from the Palestinian territories in the West-
ern catchments is 72 Mcm/year with the total surface
area being equal to 2,950 km2 inside the Palesinian ter-
ritories. The eastern catchments are all presented as
part of the Jordan River and Dead Sea Basins. The
total catchment area of the eastward draining wadis of
the Dead Sea and the Jordan River Basin (including
Wadi Araba) is 40,650 km2 of which Wadi Araba is
11,300 km2. The total area inside the Palestinian terri-
tories is 2,750 km2 or 6.8 per cent. The total average
flow from the West Bank is 17.4 Mcm/year from the
eastward draining wadis. 

Wadi Gaza is the major wadi (as surface water) in
the Gaza Strip that originates in the Negev Desert in
a catchment area of 3,500 km2 and with an estimated
average annual flow of 20 to 30 Mcm/year. However,
Wadi Gaza at present is diverted by the Israelis
towards reservoirs for artificial recharge and irrigation
within Israel. This means that nowadays, only a little
water out of the high winter flows may reach the Gaza
Strip, if any, due to the Israeli practices. 

The Jordan River Basin is the most important sur-
face water resource in the region. The total natural
flow of the Jordan River, in the absence of extraction,
ranges from 1,485 to 1,671 Mcm/yr at the entrance to
the Dead Sea. The total area of the Jordan River Basin
covered by isohyetes over 300 mm is 14,847 km2. Of
this area, 1,638 km2 (11 per cent) is within Palestinian
territories. Israel is the greatest user of the Jordan
River water where its present use is around 59 per

Table 2.1: Water Resources in Historic Palestine (Mcm/yr) for Reference Years: 1980–1999. 

Resource
Natural 
Flow/

Recharge

Total 
Utilization

Palestinian Water Control Israeli Water Control

Volume
% from 

Total 
Utilization

% from 
Recharge

Volume
% from 

Total 
Utilization

% from 
Recharge

Groundwater 1454 1503 251 17 % 17 % 1252 83 % 86 %

Jordan River 965 870 0 0 % 0 % 870 100 % 90 %

Runoff 215 197 20 10 % 9 % 177 90 % 82 %

Total 2634 2570 271 11 % 10 % 2299 89 % 87 %

Figure 2.3: Israeli and Palestinian Utilization of Water
Resources in Historic Palestine (Mcm/yr). 

Figure 2.4: Aquifers of Historic Palestine.
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cent of the total flow. Israel transfers huge quantities
of surface water through the Israeli National Water
Carrier from the Upper Jordan to the Negev, where
these quantities equal 420 Mcm/yr. At the same time,
Palestinians have been denied the use of the Jordan
River water due to the Israeli occupation since the
1967 war. In addition, Jordan uses 23 per cent of the
Jordan River flow, Syria uses 11 per cent, and Lebanon
uses around 0.3 per cent of total natural flow. It must
be noted that the Palestinians had used and devel-
oped the water resources in the Jordan River Basin
pre-1967. Around 150 pumps on the Jordan River had
been used for irrigation of lands in the Jordan Valley.
According to international water law this fact alone
solidifies the rights of Palestinians to use the Jordan
River water resources, which were erased by the Is-
raeli occupation.

Based on the above, Palestinian surface water
rights are 270 Mcm/year distributed as follows: 181
Mcm/year from the Jordan River, 17.4 Mcm from the
Dead Sea Basin, and 72 Mcm/year from the Western
Wadis (SUSMAQ 2001). The available water resources
in Palestine are shared through transboundary aqui-
fers, the Jordan River and wadi runoff.

An analysis of 1998/1999 data in table 2.1 shows
that:

• Shared utilization of aquifers is 86 per cent to 14
per cent in favor of Israel.

• For all sources including the Jordan River and
wadi runoff, the overall split in water utilization is
89 per cent (Israel) and 11 per cent (Palestine).

• When viewed in terms of per capita consumption,
the ratio of Israeli to Palestinian consumption is
roughly 4:1 

The three shared groundwater aquifers are the:

• Western Aquifer Basin
• Northeastern Basin
• Coastal Aquifer Basin 

Although there exists between 575–740 Mcm of
groundwater resources in the Palestinian lands of the
West Bank, only around 120 Mcm is available for use
to Palestinians. The inequitable utilization of shared
groundwater aquifers with Israel (Reference Year
period: 1980–1999) led to a huge gap between the Pal-
estinian supply and demand (see figures below). It is
important to note that the total utilization (1010
Mcm/yr) exceeded the estimated total average
recharge for the three aquifers (679 Mcm/yr accord-
ing to the Oslo II agreement) by almost 50 per cent.
Also, in 1999 Israel pumped 572 Mcm/yr from the
Western Aquifer when rainfall was about 480 mm/yr
(i.e., recharge in that year was only about 225 Mcm/
yr) meaning Israel abstracted 2.5 times its recharge
(figure 2.13).  

2.3 The Political Process and Existing 
Agreements

The political process over water resources between
Israel and Palestine went through five stages as sum-
marized below.

2.3.1 First Stage

The ‘Declaration of Principles’ signed on 13 Septem-
ber 1993 (Oslo I) was the first bilateral agreement

Figure 2.5: Shared and Non-shared Catchments in
Historic Palestine*).

* The map also shows the network of wadi runoffs.
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Figure 2.6: Schematic Presentation Showing the Extent of Palestinian Aquifers Inside Israel. Source: SUSMAQ (2001a).
Management Options Report: Water Security and Links with Water Policy in Palestine. Report No.
SUSMAQ-MO #14 V1.0, Sustainable Management of West Bank and Gaza Aquifers Project.

Figure 2.7: West Bank Aquifers. Source: SUSMAQ (2001a). Management Options Report: Water Security and Links
with Water Policy in Palestine. Report No. SUSMAQ-MO #14 V1.0, Sustainable Management of West Bank
and Gaza Aquifers Project.
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between the Palestinians and the Israelis. According
to this agreement, water resource issues would be dis-

cussed by the permanent Palestinian-Israeli Commit-
tee for Economic Cooperation. The parties agreed to
prepare plans for water rights and equitable use of
water resources. However, the agreement did not
identify or establish any explicit water rights for the
parties. 

Figure 2.8: A Geological Cross Section Through the Latron Area Showing the Western Aquifer Basin is Ideally Shared
Between Palestine and Israel Through Wells and Springs (1998/99). Source: SUSMAQ (2001b). Technical
Background on Water Issues for the Final Status Negotiations, Technical Report. Report No. SUSMAQ-NEG
#08 V1.0, Sustainable Management of West Bank and Gaza Aquifers Project.

Figure 2.9: Israeli and Palestinian Aquifer Utilization in
the West Bank (Mcm/yr) Through Wells and
Springs (1998/99). 

Note: It is important to take notice that the total utilization
(1010 Mcm/yr) exceeded the estimated total average
recharge for the three aquifers (679 Mcm/yr according to
the Oslo II agreement) by almost 50 per cent.

Figure 2.10: Palestinian and Israeli Utilization of Aquifers
Inside and Outside the West Bank. 
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2.3.2 Second Stage

Article 40 of Annex III of the Oslo II agreement
signed on 18 September 1995 formed the basis for wa-
ter sector planning and project implementation dur-

ing the Interim Period (1995–2000) by which at the
end a final agreement was supposed to be reached.
Article 40 of Oslo II scenario specifies that 70–80
Mcm/yr are available for Palestinian utilization from

Figure 2.11: Distribution of Outcropping Aquifer Formations Inside and Outside the West Bank.

Note: The 12 per cent outcropping of the EAB inside Israel is insignificant for aquifer utilization.

Figure 2.12: Control of Eastern Aquifer Basin, North Eastern Aquifer Basin and Western Aquifer Basin Springs Inside and
Outside the West Bank .
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the Eastern Aquifer Basin and other agreed sources,
including shared aquifers. However, since 1995, the
implemented quantity has been about 30 Mcm/yr
only. It is important to note that Article 40 indicates
that both the Western and Northeastern aquifer ba-
sins are fully or over-exploited by the Israelis with no
further access and development potential for Palestin-
ians. Principle one of Article 40 of the Oslo II agree-
ment is the most significant element of the agree-
ment. It states – and for the first time – that ‘Israel
recognizes Palestinian water rights in the West Bank’.
However, Article 40 of the Oslo II agreement came
far below the fulfillment of Palestinian water rights
and needs. The terms were broad and there was no
elaboration on the nature of these rights or the prin-
ciples governing the rights and obligations of both
sides. Since 1995, the implementation of Article 40

has been restricted and extremely slow. Decision mak-
ing within the Joint Water Committee was mostly uni-
lateral and dominated by Israel. 

2.3.3 Third Stage (Camp David II rounds in 
July 2001)

In the Camp David II rounds of negotiations, the
Israeli side offered to grant additional water quan-
tities to the Palestinians as follows:

• 50 million cubic meters from the Western Aquifer
Basin.

• 10 million cubic meters from the Northeastern
Aquifer Basin.

• 80 million cubic meters from the Eastern Aquifer
Basin. 

• 40 Mcm/yr from the Jordan River.

Figure 2.13: Rainfall and Extraction of Western Aquifer Basin From 1971 –1999. 

Table 2.2: Israeli and Palestinian per capita water consumption 1999.

Community Population Consumption for all 
purposes (Mcm/yr)

% of 
Allocation

Consumption
(l/c/d)

Ratio of Palestinian to 
Israeli consumption

Palestinian 2,895,683 252.4 11% 239 1

Israeli Settle-
ments

172,200 54.8 2% 872 4

Israeli 5,869,200 2074 87% 968 4

Total 2381.2 100% 2079
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The talks collapsed and the Palestinian water rights
were never discussed. In other words, under the
Israeli proposal at this time, Israel would control the
Palestinian State’s water resources. 

2.3.4 Fourth Stage: Taba Rounds

These rounds followed Camp David II rounds. Dis-
cussions continued but with no progress on water.

2.3.5 Fifth Stage: The Road Map

The proposed Road Map approach mentions water
resources in the Palestine region only once, and in a
vague manner, and only within a regional context.
The Road Map does not emphasize water as an actual
issue for negotiations; it only states in the text of the
document the following as one of the Road Map's
aims or tasks: “Revival of multilateral engagement on
issues including regional water resources, environ-
ment, economic development, refugees, and arms
control issues.” In the Road Map, the statements
were about regional cooperation to solve the prob-
lems of water allocations without any mention of Pal-
estinian water rights. Also, there is no reference at all
to international law with regard to water rights. 

2.4 Lessons Learned from Palestinian 
and Israeli Water Negotiations 

2.4.1 Israel’s Strategic Negotiations Stance

Israel claims always that there is no water left to nego-
tiate about and that the available water resources in
historic Palestine do not satisfy 50 per cent of Israel’s
water needs. Israel does not want to change the status
of its past utilization under any possible agreement
with the Palestinians and other Arab countries. Israel
does not agree to negotiate any solution that will
force it to give up any water that it currently controls
or utilizes unless Israel guarantees for itself additional
water through projects funded by the international
community. Israel considers that the interim agree-
ment of Oslo II is final and the Israelis would like ‘to
talk’ not ‘to negotiate’ about the future Palestinian
‘water needs’ not ‘water rights’. Israel also wants these
talks to be through the Joint Water Committee (JWC)
of the Oslo II Agreement only. The Israelis want the
JWC to continue as a permanent institution. Israel
wants to impose the following on the Palestinians
through the JWC measures:

• To force them to reduce agricultural water and to
stop drilling additional wells, and

• To force them not to impact the Israeli current uti-
lization of water.

With regard to the water crisis in the Gaza Strip, the
Israelis claim that this problem is not their business
and the Palestinians must desalinate both brackish
and seawater because the Israelis will never agree to
provide Gaza with water from Israeli water resources
or to bring water to Gaza from the West Bank. 

Israel also is constructing the Separation Wall in
order to prevent the Palestinians from utilizing the
groundwater aquifers behind the Wall and to insure
that Palestinians have no access to the Jordan River. In
general, Israel tries to avoid international law as a ref-
erence to solve the disputes over water with Palestini-
ans and other Arab states. Israel supports regional co-
operation to get additional water and establish
relations with neighboring countries. Israel believes
that water shortages in the region could be satisfied
from several proposals: 

• Renting agricultural lands in Sudan and establish-
ing shared agricultural projects;

• Purchasing water from Turkey;
• Purchasing water from Egypt.

Israel believes that the Arab Gulf countries should be
encouraged to establish cooperation with Israel over
desalinization technologies. Through this transfer of
technology, Israel would establish cooperative rela-
tions in the region.

2.4.2 The Palestinian’s Strategic Stance

It is essential to arrive at a clear and mutual under-
standing about the political and legal aspects of water
negotiations that cover Palestinian water rights in
terms of quantities, quality, and sovereignty before
signing a final agreement with the goal

• To accept international law and UN resolutions;
and

• To grant sovereignty to Palestine to utilize and
control its water resources.

Each party should develop necessary plans that allow
it to develop and utilize its water within its interna-
tional borders without causing harm to each other
after signing agreements and not before that. Based
on this premise, Palestine considers that all actual,
administrative, and legal actions taken by Israel about
the water resources within the borders of Palestine
cannot in any case impact negatively on the Palestin-
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ian water rights which are the subject for the final sta-
tus negotiations. The Palestinian position is as fol-
lows: 

• It is essential to arrive at a clear and mutual under-
standing of the political and legal aspects of water
negotiations that cover Palestinian water rights in
terms of quantities, quality and sovereignty before
signing a final agreement.

• Parties must accept the international law and UN
resolutions.

• The sovereignty of Palestine to utilize and control
its water resources should be recognized.

• Israel should admit that its current control and uti-
lization of the Palestinian water resources has
caused significant harm and loss to the Palestini-
ans and hence Israel must compensate the Pales-
tinians for this past (and continuing) harm and the
associated losses.

• All measures agreed to in the interim agreement
of Oslo II should remain interim and should not
in any case influence Palestinian water rights.

• Palestine is a riparian country in the Jordan River
Basin including all its groundwater aquifers.
Therefore, the utilization and management of the
Jordan River and its Basin should involve the Pal-
estinians as an equal partner and in accordance
with international law.

2.4.3 Difficulties in Implementing Policies 
and Agreements for the Management of 
Shared Groundwater Aquifers 

‘Status quo’ on the ground: Israel imposes facts on
the ground to preserve the status quo with regard to
the allocation of shared groundwater aquifers without
recognizing Palestinian water rights. One example is
the mining of the West Bank and Gaza aquifers by
dense networks of wells inside the West Bank and
alongside the green lines between Israel and the West
Bank on the one side and Israel and Gaza on the
other side (see figure 2.14). 

As mentioned previously, unlike Palestinian wells,
Israeli wells tap deeper aquifers. The deep wells
drilled by the Israeli authorities in the area have af-
fected water quality and quantity of Palestinian wells.
The Israelis have imposed obstacles preventing the
Palestinians from drilling new wells to meet their
needs in shared groundwater aquifers. No permit has
been given in the Western Aquifer Basin since 1967.

The Israelis control the utilization zones of the
shared groundwater aquifers and recently they solidi-
fied that control by constructing the Separation Wall.

By building the Separation Wall, the Israelis confiscate
land, aquifers, springs, and wells. The Israeli authori-
ties have built many parts of the wall, except for the
eastern part which is still a proposal.

The Israelis have undertaken the following water-
related activities:

• Intercepting groundwater from reaching the Gaza
coastal aquifer; 

• Intercepting surface wadis flowing to Gaza with
the map of Israeli agricultural lands irrigated by
wadi water with an annual flow of the wadi = 25–
35 Mcm/yr); 

• Drilling of Israeli wells around the Gaza Strip;
• Diverting the route of the Jordan River to the

Negev;
• Contributing to the shrinking of the Dead Sea (see

the chapters by Lipchin; Gavrieli and Bein in this
volume); 

• Polluting the groundwater aquifers especially by
the wastes from the Israeli settlements (see the
pollution of Palestinian wadis near Tulkarm);

• Polluting the Palestinian wadis near Shibteen vil-
lage;

• The shared aquifers have been exposed periodi-
cally to the problem of illegal trans-frontier dump-
ing. Debris is dumped on the outcrops of the
shared aquifers, which is particularly dangerous
because these outcrops are karstified and thus pro-
vide easy paths for pollutants to reach water levels;

• Hazardous waste disposal: There is insufficient
capacity of infrastructure to manage hazardous
wastes safely. The area suffers from inappropriate
storage and disposal facilities. It lacks the requisite
skills to evaluate risks and monitor controlled
dumping. It lacks the capacity to undertake detec-
tion, remediation, or possible treatment.

• Forcing water supply systems and their infrastruc-
ture in the West Bank to be mixed (mish-mash).

• Enforcing complicated procedures of licensing Pal-
estinian water projects including drilling wells. 

• Lack of funding is a major difficulty in the imple-
mentation of agreed policies and the enforcement
of laws. Lack of funding also impedes vital data
collection, the establishment of databases, infor-
mation sharing and application of contemporary
technology.

• The greatest difficulty is general Israeli policy:

In summary, the entire period since 1967 was accom-
panied by the degradation of existing infrastructure
and limited development in new infrastructure for
water supply, sewage and solid waste. 
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This resulted in insufficient and unreliable service
(40 per cent of Palestinian communities are unserved)
with poor quality and with large losses in the systems
(25 per cent –40 per cent). The Israeli ‘operator’ also

cuts off supplies periodically, thereby discriminating
unfairly between Palestinians and Israeli settlers when
shortages or problems occurred (especially during

Figure 2.14: Israeli Pumping of the West Bank and Gaza Aquifers. Source: SUSMAQ (2001b). Technical Background on
Water Issues for the Final Status Negotiations, Technical Report. Report No. SUSMAQ-NEG #08 V1.0,
Sustainable Management of West Bank and Gaza Aquifers Project.
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periods of drought) since water supply networks are
mixed.

The general acceptable policy concerning shared
aquifers should not be limited to equitable utilization
and control but should also include optimal use and
ecological protection of shared aquifers as well as the
sustainable development of these resources.  

2.5 Guidelines for a Comprehensive 
Framework for the Palestinian/
Israeli Management of Shared 
Groundwater Aquifers

The proposed framework is based on three pillars: a)
political, b) policies and c) cooperation.

2.5.1 Political Pillar

The region of Palestine and Israel is subject to recur-
rent political volatility and insecurity which further
hinders communication and cooperation within and
beyond the boundaries of these two countries. The
shared groundwater aquifers are not only an issue
about management, development, and environment –
they are essentially a political issue. Political attention
can be mobilized through effective dialogue between
scientists and decision makers followed by politicians.

The concept of benefit sharing should always be
promoted to influence the politicians towards a win-
win scenario in shared aquifer management. The con-
cept of re-allocation of use of water between different
sectors needs to be promoted so that the politicians
can see the entire picture of the region and realize
that shared groundwater aquifers and other water re-
sources cannot be managed separately. Recognition is
needed by both parties of the water rights and water
allocations of one another while accepting permanent
sovereignty of each party (Palestine and Israel) over
their shared water resources in their lands according
to 1967 international borderlines and international
law.

2.5.2 Policies Pillar

The policy statement should 

• Provide an opportunity for integrated manage-
ment of shared groundwater aquifers, other
shared water resources and water supplies includ-
ing strategies for the benefit of the riparian coun-
tries; 

• Provide for the protection of shared groundwater
aquifers from pollution through legislation on
potential contaminating activities such as:

– Wastewater and solid waste release;
– Land use;
– Agricultural practices;
– Location of storage facilities for toxic and haz-

ardous materials.

Figure 2.15: Palestinian and Israeli water piping networks
in the West Bank. Source: SUSMAQ (2001b).
Technical Background on Water Issues for the
Final Status Negotiations, Technical Report.
Report No. SUSMAQ-NEG #08 V1.0,
Sustainable Management of West Bank and
Gaza Aquifers Project.
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• Establish long-term standards and procedures
including permits for well drilling and operation; 

• Include long-term plans to monitor and limit
drawdowns in shared aquifers as well as abstrac-
tions from wells affecting shared aquifers;

• Provide opportunities to strengthen the institu-
tional capacity of shared groundwater aquifers
management;

• Promote opportunities for bi-lateral, regional, and
international cooperation in research, manage-
ment, and development of shared groundwater
resources;

• Promote measures to update and harmonize water
legislation between countries sharing groundwater
resources;

• Provide opportunities to mobilize and develop ex-
pertise on the legal, institutional and socio-eco-
nomic aspects of the management of shared
groundwater aquifers.

2.5.3 Cooperation Pillar (Including Lessons 
Learned)

Cooperation between Palestine and Israel over shared
groundwater aquifers requires:

• Building confidence and trust between the two
Parties and hence help implement unified policies
and defuse potential conflict;

• Managing the shared aquifers sustainably;
• Promoting resource protection towards ecological

sustainability;
• Recognition of the need for poverty reduction;
• Enhancing bi-lateral economic productivity and

development.
Cooperation must be promoted on bi-lateral, regional
and international levels that respect the international
law concept regarding shared groundwater aquifers.
Regional (bi-lateral and multi-lateral) cooperation or
agreements must be built on unifying environmental
standards and regulations, information and expertise
sharing with public involvement.

The cooperation between the Palestinians and Is-
raelis should be based on the items presented in Pil-
lars 1 and 2 in order to serve the interests of both na-
tions towards prosperity, peace, regional safety,
reciprocal benefits, and good neighborhoods. The Is-
raelis should acknowledge the Palestinians as an equal
partner and a riparian to shared groundwater aqui-
fers. Cooperation should not be limited only to the
Palestinian part of the shared groundwater aquifers;
the Israeli part and their utilization should also be in-

volved. Any development of shared groundwater aqui-
fers should be based on:

• The socio-economic needs (current and future
domestic, agricultural, etc) of both nations based
on equity and riparian rights;

• Protection of shared groundwater aquifers;
• Sustainable development of shared groundwater

aquifers to face the challenges of water shortages
and climate change that affect every aspect of life
from ecosystems to human health, food security,
human rights and cultural heritage;

• Developing additional water resources (conven-
tional and non-conventional).

The cooperation over the environmental preservation
of shared groundwater aquifers should be looked at
from the point of view of environmental security
which is a core element for promoting peace and sta-
bility between Palestine and Israel. In particular, coop-
eration should

• Develop a clear and practical mechanism to con-
trol and monitor the implementation of signed
agreements;

• Continue during both peaceful and violent peri-
ods with respect to management of shared
groundwater aquifers;

• Cover data sharing and information exchange
including the establishment of common integrated
databases derived from existing and reconciled
data;

• Include assessment of risk and uncertainty, espe-
cially for periods of consecutive droughts. 

2.6 Conclusions

The region of Palestine and Israel is plagued by con-
flict and thus the political and security situation can
only sharpen the critical need to formulate well-de-
fined transboundary policies and mechanisms for co-
operation to enhance the resolution of disputes over
the sustainable management of shared groundwater
aquifers. The failure to maintain close cooperation in
preserving the shared groundwater resources will
lessen the ability of the two sides to cope with dan-
gers such as pollution, salinity, and a lower water table
during droughts.

In reality, current Agreements award Israel veto
power over the Palestinians’ ability to alter the unfavo-
rable ‘status quo’, because joint management does not
apply to Israel’s water sector and control on the
ground is largely in Israel's hands. The political ar-
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rangement would have to give way to a joint regime
that covers common water resources on both sides of
the border.

Palestinian sovereignty is a decisive issue because
most of the recharge areas of the shared aquifers are
within the Palestinian lands. Equitable utilization
would be based on the division of the shared water re-
sources in Palestine and Israel as a whole as well as on
the basis of water rights and the long-term social and
economic needs. However, the current mechanisms
of joint management of shared groundwater aquifers
between Palestine and Israel fall short of playing a de-
cisive and conclusive role. Thus, capacity building is
an important and essential component of effective
joint management of shared aquifers:

• First, Parties should acknowledge and understand
the transboundary challenges; 

• Then foster regional cooperation through policies,
institutions, ministries and regional organizations
and NGOs; 

• Capacity building can also be achieved by improv-
ing management skills and environmental technol-
ogy skills and expertise.

International water law stipulates that joint manage-
ment ought to be built on mutuality, equality, and re-
spect for sovereignty. A joint management regime re-
quires a definition of the tasks to be undertaken and
the structure and composition of a joint management
body. Discussions about a joint management regime
should factor in other water-related political and eco-
nomic considerations, notably sovereignty and cost
benefit sharing. Achieving peace between nations and
states is not only a humanitarian issue, it is a very
complex process that has to achieve an accepted bal-
ance between the interests and demands of both
sides, or otherwise, the situation will be the domina-
tion of the oppression on the oppressed.
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Abstract

The purpose of this chapter will be to demonstrate that there are a number of economic
processes that have the capacity to ameliorate local water scarcity. Arid and semi-arid re-
gions and economies worldwide encountered water scarcity in the past thirty years. Many
more will encounter water scarcity in the next three decades. The analysis will review
briefly three ameliorating processes – first, the global role of virtual water in water scarce
regions, secondly, the impact of socio-economic development on water management op-
tions and thirdly, the cultural specificity of water demand management policies. All three
processes have the characteristics of being economically invisible and politically silent in
the easily politicized management of water. Their impacts, however, are determining with
respect to solving local water deficits.

It will be shown that the water, food and trade nexus is not easy to model because of the
dynamics of the political economies in the North and the South. Water sector policy-mak-
ing is subject to evolving discourses, which can easily de-emphasize the underlying environ-
mental and economic fundamentals. The chapter will conclude that invisible and silent vir-
tual water will provide the food water for water scarce regions such as Palestine and Israel.
Its invisibility and silence will, however, have the effect of attenuating the pace of water
policy reform with respect to water use efficiency and the consideration of the environ-
mental services provided by water. A range of demographic, economic, social and poli-tical
theory will be used to frame the discussion.

Keywords: water policy, problem shed solutions, hydro-centricity, soil water, virtual water,
socio-economic development

3.1 Introduction

The purpose of the chapter will be to demonstrate
that there are a number of economic processes that
have the capacity to ameliorate local water scarcity.
These economic processes partly take place in the
same spatial domain as the processes observed by wa-
ter scientists. Some of the most important socio-eco-
nomic ameliorating processes have, however, been
shown to operate outside the boundaries of the river
basin and the groundwater basin (Allan 2004; Brich-
ieri-Colombi 2004). 

Recent experience in the Middle East has been es-
pecially important in demonstrating that water scarce
regions can access water via global trading systems.
To have the secure capacity to operate in this global
trading domain those managing water scarce econo-
mies have had to adopt new approaches to combining
their environmental resources – land and water – with
their human, social, manufactured and financial capi-
tals. The extent to which the factors of production
have been more effectively combined determines the
security of the economy. 

Strategic water resource security has been achieved
in the Middle East in the second half of the 20th cen-
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tury through economic transformation by investing in
the economy generally as well as in a reforming water
sector (Allan 2001). In the 21st century the import of
water intensive commodities will continue be the
main strategy with which to address the ‘big water’
challenge. Both types of reform are necessary but the
water scarce are wise to recognize the potentially
dominant role of socio-economic transformation over
reforms and efficiency gains in the water sector alone.

3.2 Definitions and Evident and Non-
evident Processes

We need a few definitions: ‘big water’ and ‘small wa-
ter’. Big water is the water needed to produce food
for the economy. 90 per cent of the water consumed
by society is needed to raise its food and underpin
food producing livelihoods. Small water is the 10 per
cent of total water needed to provide society’s drink-
ing water, domestic water services and to underpin
non-agricultural livelihoods. Big water differs from
small water in the huge difference in the volumes used
and consumed and potentially re-usable. Crop pro-
duction consumes high proportions of the high vol-
umes of water deployed. Domestic and industrial uses
can potentially return most of the water deployed in
such processes for treatment and re-use. 

There are a number of associated ideas that need
to be conceptualized and that could usefully be
adopted by the water science community as well as by
the diverse epistemic group associated with making
and advising on water policy. Big water, that is the wa-
ter needed for food production, can be freshwater or
soil water. Small water is the 10 per cent of freshwater
– it can only be freshwater – needed to provide drink-
ing, domestic and municipal water as well as the water
needed for non-agricultural livelihoods.

A second important idea concerns the role of soil
water. Two political economies with similar popula-
tions – Egypt and the United Kingdom – located in
very different environments, can be compared. The
diagram indicates the significance of their respective
water endowments. Egypt has to use almost all its av-
erage annual availability of between 55 and 60 billion
cubic meters of freshwater in the Nile River. This fig-
ure includes re-use. It has negligible soil water. Egypt
accesses virtual water to meet its rising water deficit.
The UK uses about 15 billion cubic meters of surface
and ground waters. Soil water is not negligible in the
UK water budget. About 25 billion cubic meters of
soil water produce the majority of its food needs and

‘virtual water’ meet its food-water deficit. In both
cases the ‘virtual water’ calculus is a net figure in that
both economies export food commodities as well as
importing them. 

3.2.1 The MENA Region Experiment

For the past three decades the MENA region has un-
dergone an experiment, which has proved the argu-
ment set out so far. When the region entered its water
deficit phase as a result of demographic pressures in
the early 1970s, the idea that water problems could be
solved outside the water sector was inadmissible.
Most insiders in the region are still at the beginning of
the new millennium – unwilling to recognize the non-
water sector factors that have brought about food and
water security.

Arid and semi-arid regions and economies world-
wide encountered water scarcity in the past thirty
years. Semi-arid regions such as the Middle East and
North Africa (MENA) have an important place in the
history of water management in the last quarter of the
20th century. The responses they have made to water
scarcity, and more importantly why they have not
made some other rational responses in accord with
underlying economic fundamentals, provide impor-
tant lessons. 

These lessons highlight the role of politics in water
resource policy-making. Scarcity leads to politicization
at the levels of the farm, the community, the nation
and the riparian. The nature of politicized water rela-
tions is explained by power relations, historic circum-
stances and the extent to which water scarcity can be
ameliorated by evident and non-evident transactions.

The normal human reaction to scarcity is to re-
duce the scarcity by finding and mobilizing more of
the resource within the sovereign territory of the
scarce economy. Resource scarcity is commonplace.
Most economies are short of a number of strategic
natural resources such as oil and minerals. They ad-
dress such scarcity by importing the scarce resource. 

Water is different from other natural resources in
that its value per unit is small. At the same time the
volumes of water needed to substitute for the local
scarcity are very bulky. Importing water in the vol-
umes needed is deterringly expensive, unless the wa-
ter flows naturally in surface or sub-surface systems
and is secured by favorable international customary
conventions.

In the 1970s the MENA region as a whole moved
out of the phase when it could address its rising water
needs by mobilizing more water. The economies of
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the Gulf as well as those of Jordan, Israel, and Libya
had gone into deficit in the 1950s and the 1960s. The
timing of the MENA journey into water deficit has
proved to be fortuitous for the region. The MENA ex-
periment in handling its strategic water resource defi-
cit occurred at a point in history when the global sys-
tem was engaged in another experiment. This experi-
ment was the post -1950 subsidized revolution in crop
production in North America and Europe. The goal
was to secure the farming sectors of these two indus-
trialized regions. 

As with most experiments based on subsidies the
impacts have been perverse. For the MENA region
they have brought the immediate benefits and possi-
ble longer term problems. The benefits are political
stability and economic security, through the consump-
tion of imported water intensive strategic staples.
These commodities were put on the world market at
half cost by the US and some European exporters.
The longer term problem associated with the reduc-
tion of economic and political stress enabled by the
import of cheap strategic commodities is that this
trade has hidden the underlying fundamentals from
consumers, water policy-makers and especially from
government leaders. Water sector reforms to re-allo-
cate and manage water resources would have been es-
sential in the absence of the global solution provided
by the industrialized North. In the emollient world of
cheap imported food staples those managing the im-
porting MENA economies could assume that water
policy reforms associated with the high political
prices associated with water policy reform could be
avoided.

The reason that food production and water have
been emphasized thus far is because water for food is
the dominant use of water. About 90 per cent of the
water needed by an individual is devoted to food pro-
duction. The remaining ten per cent is needed for
drinking, domestic use and the support of non-agri-
cultural livelihoods. 

The three departures from conventional ap-
proaches to water allocation and management essen-
tial to the message of this chapter are the following.
The first generally ignored feature, though hydrologi-
cally and economically fundamental, is ‘soil water’.
The second is ‘virtual water’. Virtual water is a new
concept to the water sector. But the term is merely an
example of Ricardo’s powerful, two century old, no-
tion of comparative advantage. Wichelns (2004) has
added a purist economics definition insisting that vir-
tual water is an example of absolute advantage be-
cause it does not have embedded in it optimal produc-

tion and trading strategies. He recognizes that ‘the
virtual water metaphor addresses resource endow-
ments, but it does not address production technolo-
gies or opportunity costs. Hence, the metaphor is not
analogous to the concept of comparative advantage.
The metaphor has, however, been helpful in motivat-
ing public officials to consider policies that encourage
improvements in the use of scarce resources, even if
comparative advantages should be evaluated to deter-
mine optimal production and trading strategies.’ 

Prior to human consumptive water-use the natural
water resources supported only biological and hydro-
logical systems. All the consumptive use of water by
human populations has to be taken from the diverse
environmental water resources available to a political
economy. Available water includes surface waters,
groundwater, soil water and atmospheric water. Sur-
face waters, groundwater and soil water are the waters
that the human population use for their economic, so-
cial and amenity purposes. Surface waters and
groundwaters are taken into account by water scien-
tists and water policy-makers insofar as they can be
quantified. Soil water is generally ignored. ‘Things do
not always appear as they are’. 

3.2.2 Soil Water

Soil water is not accounted in national water budgets.
The Shiklamanov (2000) research group is an honor-
able exception in that soil water appears in all its da-
tasets. Nor does soil water figure in an integrated way
in the statistics of the international agencies (FAO
2003; FAO Aquastat 2004; World Bank/WRI 2003).
Although Renault (2003) at FAO has contributed use-
fully to the development of the valuation of virtual wa-
ter, UNESCO has responded to the useful promi-
nence recently given to the concept of virtual water by
a number of water research groups (Hoekstra/Hung
2002; Hoekstra 2003; Oki/Sato/Kawamura /Miyake/
Kanae/Musiake 2003; Renault 2003). 

This discussion will not emphasize the water serv-
ices provided by the water in the natural environment.
The absence of such discussion does not mean that
such water services are regarded as unimportant.
There is not space here to address the topic ade-
quately.

3.2.3 Virtual Water

Virtual water has been conceptualized and defined
elsewhere (Allan/Olmsted 2003). The concept has
also been critiqued and debated (Merret 2002, 2003).
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The argument that virtual water should have a place in
reviews of global and regional water resources and in
strategizing water policies in summary, runs as fol-
lows. The water sector and the freshwater within its
rivers and ground waters are not a sufficiently com-
prehensive basis for quantifying, analyzing and opti-
mizing the allocation and management of water re-
sources. 

To review water resources and water transferring
processes comprehensively it is necessary to see water
allocation and management as a global issue and a
global challenge. In the global hydro-economic sys-
tem solving the problems of water scarce regions,
non-hydrological systems, such as trade, are as impor-
tant as the water and water flows within watersheds
captured by hydrology. The proportion of the water
re-distribution problem successfully addressed by vir-
tual water processes is already impressive and has the
potential to be of even greater significance. Hoekstra
and Hung (2003: 25) estimate that 695 billion cubic
meters of freshwater and soil water entered interna-
tional trade in virtual form out of the 5400 billion cu-
bic meters water used to produce crops in the 1995–
1999 period. 

Livestock products are particularly water intensive.
A study of the virtual water content of the 1995–1999
trade in livestock products (Chapagain/Hoekstra
2003) calculated the figure to 336 billion cubic meters
per year. Most livestock products are raised on soil
water. But a proportion of such products are pro-
duced from irrigated fodder. By adding the annual
global virtual water figures for crop production – 695
billion cubic meters – to the 336 billion cubic meters
for livestock products, we get a total global figure of
1031 billion cubic meters. There is some double ac-
counting in this number but the calculation neverthe-
less does confirm the very important part played by
virtual water, mainly derived from soil water that ena-
bles sustainable water resources management across
the globe. 

All the volumes of water discussed above are situ-
ated in rising long term trends, although there is a cur-
rent temporary leveling off in the trade in major
grains. The leveling off is the result of improved effi-
ciency as measured by returns to water in both the
Northern and the Southern economies (Dyson 1996).

Meanwhile estimates of current global freshwater
use in irrigated farming suggest that the total mobi-
lized is about 1430 billion cubic meters per year – that
is 26 per cent of the total water used in crop produc-
tion (Rosegrant/Cai 2002). The same authors suggest
that by 2025 the use of irrigation water could rise to

1480 billion cubic meters per year. Clearly the virtual
water solution, associated with 13 per cent of global
water used in crop production is significant as a prob-
lem solving process. The trade in livestock products
adds to this global percentage. Virtual water is espe-
cially significant in addressing these problems, which
local technological solutions cannot address in water
scarce regions. Just as important as its volume as a
proportion of total water use in crop production and
its capacity to solve otherwise un-addressable prob-
lems in water scarce regions, is its flexibility. This qual-
ity of flexibility will be discussed next. 

3.3 Socio-economic Development: 
A Third Invisible Solution for the 
Water Scarce 

The roles of soil water and of virtual water trading
processes have, until recently, been unrecognized. The
concepts remain very much part of a minority out-
sider discourse even in the international epistemic sci-
ence and policy communities associated with water al-
location and management. 

The third non-evident process that spectacularly
ameliorates water deficits is socio-economic develop-
ment. The achievement of more jobs per drop rather
than more crops per drop has been key to the success-
ful amelioration of water scarcity except in many
economies in sub-Saharan Africa. This ameliorative
process is not even on the agenda of most water sci-
entists and water policy-makers in the South.

Socio-economic development associated with the
strengthening and diversification of economies has
achieved impressive levels of allocative efficiency in as-
sociation with virtual water related processes. The
very desirable allocative efficiencies achieved in the
water sector in the past half century have, however,
been incidental benefits resulting from the socio-eco-
nomic development. These water efficiencies gained
were not part of water policies. They were hidden-
hand (after Adam Smith) processes. The hidden hand
enabled the perversely hydrocentrically (Brichieri-Co-
lombi 2003) inclined water sector professionals and
policy-makers to achieve unintended sustainable eco-
nomic outcomes. 

Job creation in industry, services and the public
sector silently and invisibly reallocated water at a scale
beleaguered politicians dream of. Job creation associ-
ated economic diversification has proved to be a
mighty demand management tool. In addition job cre-
ation outside agriculture has generated incomes and
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revenues with which political economies have been
able to access virtual water in the global system. Eco-
nomic transformation achieved in the East Asian
economies, and in for example Israel (Allan 2001:
249), demonstrate how economies can achieve water
security through economic diversification. 

Virtual water transactions and diversified job crea-
tion have enabled five decades of relatively conflict
free global co-evolutionary transition from water
abundance to water scarcity. For the past 25 years po-
tential regional water scarcity has been managed
within sustainable regional and global water manage-
ment regimes through the very effective threefold syn-
ergy of soil water access, virtual water processes and
socio-economic development. 

3.4 The Timely Availability of the 
Flexible Threefold Synergy: Soil 
Water, Virtual Water and 
Development 

The worsening water scarcity experienced in some re-
gions of the world in the second half of the twentieth
century was happily encountered at a fortuitous mo-
ment in world economic history. The first good for-
tune of the water scarce was the availability of a com-
prehensive global trading system in food. This is not
to say that the food trade is new. The system has been
operating effectively for millennia. Rome in antiquity
was fed by grain and other commodities raised in
North Africa. Apparently comparative advantage is
not static – as Wichelns (2004) argues in each case it
is related to the production systems and the oppor-
tunity costs that obtain. By the late twentieth century
economies such as Egypt, the main North African
food exporter in antiquity, were importing more than
half their food. Two thousand years ago Egyptian ag-
ricultural exports to Italy were substantial. Semi-arid
economies facing water scarcity encountered their
scarcities at a moment in history when, fortuitously,
the world’s temperate regions had become highly in-
dustrialized and were producing substantial crop sur-
pluses throughout the second half of the twentieth
century. 

A second fortuitous, and invisible, non water sec-
tor, process assisting the water scarce since the middle
of the twentieth century has been the economically
perverse agricultural policies of the European Union
and in the United States. Their production and export
subsidies on wheat for example, ensured that half-cost
grain was available on the world market. The pivotal

global grain importers, the Middle East, North Afri-
can and Japanese economies were all well able to pur-
chase imports. They have been significantly advan-
taged by the EU/US subsidies. Together they
accounted for about 150 billion cubic meters of virtual
water imports in crops – out of the total annual global
volume of 630 billion cubic meters – transacted in the
global system in the last five years of the 20th century.
These major importers accounted for 23 per cent of
the total. The author is at the same time aware of the
negative economic impacts of low world prices for
grain on those economies, especially those in sub-Sa-
haran Africa, which enjoy no potential comparative
advantage except in crop production. 

3.4.1 Variable Water Demands: The Threefold 
Synergy is also Flexible and Responsive

It is argued here that virtual water is, therefore, part of
a mighty threefold synergy – soil water, virtual water
and socio-economic development – that enables com-
munities, nations and river basins to access sufficient
water to meet their variable water needs. A further
very important feature of the mighty threefold synergy
is its unmatched flexibility. Since the 1970s it has ena-
bled the extension of a form of supply management
miracle across the globe. The synergy has been capa-
ble of meeting varying regional and emergency food/
water demands. Variable demand is normally associ-
ated with drought. The threefold synergy can success-
fully augment demand management policies that in
themselves cannot achieve local sustainable water allo-
cation. 

The threefold synergy has proved its capacity to re-
spond to systemic trends associated with increased
demands associated with regional demographic dy-
namics – for example in the Middle East. The system
has coped with the closure of the Middle East and
North African water systems and the resulting in-
creased demands for food imports. It has also coped
with the variable demands coming from the former
Soviet Union and the Russian Federation. The biggest
variable demands have come from China. These de-
mands have occurred despite China’s own extraordi-
nary increases in production since 1961. The variable
demands for grain imports from China have also been
accommodated. That there is a mix of local and inter-
national solutions is revealed in the decline in vol-
umes of grain entering international trade in the last
five years of the 20th century. Despite the progressive
increases in the world’s population the volumes of
grain traded have been declining since the late 1990s.
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3.4.2 The Threefold Synergy and the 
Environment

Finally, through reducing the pressure on water re-
sources in water scarce regions the threefold synergy
has alleviated, or at least it has had the potential to al-
leviate, progressively higher demands on the freshwa-
ter and the soil water in the environment. The availa-
bility of the threefold synergy has enabled demands
on local surface and ground waters to level off and in
some cases to be reduced. This is especially the case
in Northern semi-arid economies – for example in Is-
rael. Water has been returned to the environment in
Northern semi-arid economies to reinstate, to some
extent, the environmental services provided by the
natural hydrological system (Allan 2001: 146–148). In
the South the availability of virtual water has not yet
had the same impact. 

The shift towards precautionary and green water
policies is not a response to the economic processes
that have made them possible. The advocacy of the
green movement has been a very important factor in
environmentally sensitive water policy-reform in the
North. In this Northern discourse the new resource
managing circumstances afforded by the threefold
synergy has enabled pressure on the water in the envi-
ronment to be alleviated in Northern political eco-
nomies.

The green social movement is poorly developed,
however, in most Southern political economies. In
Southern semi-arid economies the apparent ameliora-
tion of scarcity by the threefold synergy can play a
negative, rather than a positive role in strategizing the
allocation of water vis-à-vis the environment. Old
practices and policies can be left in place because to
reform them would only be achieved at unacceptably
high political prices. Paying such prices can be
avoided in the apparent water security provided by
the invisible threefold synergy. Water abstraction prac-
tices associated with the livelihoods of poor farmers
with no alternative job options tend to remain in
place, including those, which damage the water envi-
ronment (Allan/Olmsted 2003).

3.5 Conclusion: Three Fold Synergy 
and Water Policy in the MENA 
Region

An understanding of the politics and local history of
water policy-making processes is a much better start-
ing point for a water policy reform campaign. This is

not a new idea. Marx pointed out the determining
role of politics. The historically evolved ‘abstract’ do-
main of politics overwhelms the information coming
from science and sub-optimal markets in what Marx
termed the ‘concrete’ economic domain (Fine/Saad-
Filho 2003). The concrete provides possible concep-
tual foundations for the (political economy) super-
structure, where those with power make allocative de-
cisions. The evidence is, however, that the concrete is
only very selectively included in policy-making dis-
courses. Scientists do not draw up policy-making
agendas. Nor are they normally much involved in de-
veloping politically controversial allocative policy.
They can help to raise awareness of how things are.
But they normally have to struggle mightily to bring
about significant shifts in perception. 

One of the reasons that water science and water
professionals have limited purchase on policy-making
is because there are economic processes outside the
water sector and its watersheds, which solve water
scarcity problems. The analytical tools of hydrologists,
environmental scientists, and hydraulic engineers are
not effective in these ‘problem sheds’ beyond the wa-
tersheds of the water sector. 

After two or more decades of reorienting their
own approaches to managing water, scientists and
professionals are still undecided about how to cope
with the politics of water policy-making. For centu-
ries, even millennia, water professionals solved the
water problems of the societies managed by political
elites. They did this without much consideration for
the value of environmental services of water or of the
economic value of the water inputs to society and ag-
riculture. Recognizing these two issues as new funda-
mentals were challenging. Conveying their unavoida-
ble importance to water users with few or no alterna-
tive livelihood options, and to water policy makers
wanting to avoid paying high political prices associ-
ated with re-allocative reforms, took the discourse
into realms of very painful uncertainty. 

Water professionals had little experience of a
world where problem solving was social and political
rather than technical. In another policy domain, Ed-
ward Teller, the nuclear physicist, knew how to influ-
ence politics. “He knew that it was more like magic
than logic, and in spinning his spells, he was dishon-
est, wasteful, and at times dangerous. He never saw
this as evil or immoral. He once corrected Oppenhe-
imer’s famous comments that ‘scientists have known
sin.’ As far as Teller was concerned ‘scientists have
known power’ and what it demands” (Goodchild
2004). 
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Water scientists and water professionals are still
unsure whether they should know power, and remain
uncomfortable telling new truths to power. Activists
from the green movement have been much more suc-
cessful in shifting the debate and water policies than
the science community and water professionals. The
activists are regarded by the water professionals and
scientists as ‘dishonest’, ‘spinners of spells’ and ‘at
times dangerous’. But they have influenced the dis-
course and associated policy reform. 
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Abstract

This chapter examines the notion that politics is a significant if not the prime factor that
influences on-the-ground realities of water use, sanitation, and water resource develop-
ment in Palestine. Israeli water politics in the Occupied Palestinian Territory (OPT) were
based on the goal of controlling Palestinian land and resources and forcing Palestinians to
leave the country. They were characterized by four main steps: to use military overpower
and unilateral actions to set and create new on ground realities that constitute the new ne-
gotiating basis, to enact laws and military orders that will help strengthen control and over-
see what was taken by military force, set policy on the future directions and actions to be
taken to fulfill the main objective of controlling Palestinian land and resources and imple-
ment through the establishment of institutions that control on ground the forced new re-
ality. Continuing the past and present Israeli approaches will result in serious harm to both
people with different proportions and scales. To achieve a long lasting just peace between
the two sides based on unified national rights, human values, and mutual living is the so-
lution. A joint Palestinian Israeli water utility operating and serving both people along this
line is considered to be a highly feasible option for resolving the water conflict.

Keywords: Water politics, water management, water rights, Palestine, Israel. 

4.1 Introduction

Palestine has scarce rainfall and consequently scarce
renewable water resources. Starting with scarce water
resources, Palestine is experiencing a fierce competi-
tion by Israel and its Jewish colonies over the control
of its land and water resources. Water management
policies in Palestine since 1949 was contentious and
driven by Israeli political competition.

While the current Palestinian water supply is re-
stricted and limited by the Israeli military authorities
(not sufficient for immediate and near term needs),
Israeli consumers were using Palestinian water at
about four times that of average Palestinian water per
capita. The enormous economic pressure imposed
and enforced by the Israeli military on Palestinians
through seizures, closures and controls, and the sepa-

ration-apartheid wall has affected all aspects of life
and economic activity including agriculture. There-
fore, water use patterns, land use, and urbanization
are being changed in the Palestinian areas under mili-
tary control. These conditions indicate that signifi-
cant changes must occur to restore the area and to
prevent acute water shortage and economic failure in
the Palestinian areas in the near future.

As a result of the prolonged Israeli military occu-
pation of Palestine and its natural resources including
water, Palestinians at present have (1) no legal control
over their water resources, (2) limited – permitted
quotas by Israeli military authorities – water supply
much bellow Israeli as well as the WHO standards,
and (3) negative economic development forcing peo-
ple to migrate. This limited water supply to Palestini-
ans includes a small number of groundwater wells for
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municipal use and a number of shallow agricultural
wells (with a depth of between 60 and 120 m). The
agricultural wells are getting dry with time due to the
water withdrawal for Israeli colonies using deep wells
(over 500 m deep). The Palestinian water problem is
exacerbated by a deterioration of water quality, espe-
cially in the Gaza Strip and some areas in the Jordan
Valley.

The broader objective of this chapter is to create a
better understanding of the water conflict between
Palestinians and Israelis and to present a way forward
in resolving this conflict for the benefit of both na-
tions.

4.2 Background

4.2.1 Historic Backdrop

Water is not a new issue in the Palestine question. At
the end of the 19th century, there were no Jewish im-
migrants in Palestine (see figure 4.1). At that time,
plans were made by Jewish organizations in Europe to
establish a homeland for the dispersed Jews of the
world. Cooperation began between the World Zionist
Organization and the British government on the Pales-
tinian water issue. As a result of this cooperation, the

British Royal Scientific Society in 1873 sent a delega-
tion to Palestine to investigate two issues; the first was
the available water resources and the second was the
possibility of settling Jews in the southern part of Pal-
estine in Al-Naqab. After its return, the delegation re-
ported in 1875 that water could be brought from the
northern parts of Palestine to Al-Naqab and Jews
could be settled there (Labbady 1989).

Between 1875 and 1948 several attempts were
made by the various Jewish organizations to increase
Jewish immigration to historic Palestine and in paral-
lel physical control of the water resources in Palestine
and surroundings or by the transfer of water from out-
side Palestine (Schmida 1984; Dillman 1989; Ali 1964).

In the fall of 1941 the British prime minister Win-
ston Churchill officially announced in the Common
Council that the Jewish leaders requested from the
British government to have a free hand in all parts of
Palestine and in those parts of southern Lebanon
which include the Litani river as a price for full Jewish
support of Great Britain and of their allies during the
second World War (Ali 1964). Concessions were made
by the British Authorities in Palestine to exploit some
of the water resources for a limited time (Schmida
1984; Dillman 1989).

Many water plans and projects (Dillman 1989; Ali
1964) evolved and were presented. However, the

Figure 4.1: Palestinian and Jewish Population Development (1880 – 1946). Source: League of Nations, 1945
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riparian parties never discussed and resolved the wa-
ter problems faced. Palestinians were always in these
plans and projects, but they were treated as if they did
not exist or had no rights.

4.2.2 Palestine 

Palestine as presented in this chapter consists of the
West Bank including East Jerusalem and the Gaza
Strip. The West Bank and the Gaza Strip are those
parts of historic Palestine which were occupied by the

Figure 4.2: West Bank and Gaza. Source: <http://www.grid.unep.ch/product/map/images/palestine_general_mapb.
jpg>
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Israeli army during the 1967 war between Israel and
Egypt, Syria, and Jordan. The land area of the West
Bank is estimated at 5572 km2 extending about 155 km
in length and about 60 km in width. The Gaza Strip,
with an area of 367 km2 is approximately 41 kilom-
eters long and 7 to 9 kilometers in wide (see figure
4.2, Abdel Salam 1990, and Haddad 1998).

4.2.3 Palestinian Population

According to estimates in mid-2003 the Palestinian
population totaled 3,634,495 persons, about 2,304,825
lived in the West Bank and 1,329,670 in the Gaza Strip
(PCBS 2003, 2004). According to the official list of lo-
cal authorities compiled by the Palestinian Central Bu-
reau of Statistics (PCBS 2003) and by local govern-
ments, there are 686 localities in Palestine of which 54
are urban, 603 are rural, and 29 are refugee camps.
These localities were distinguished by the type of au-
thority as 107 municipalities, 11 local councils, 374 vil-
lage councils or project committees, and 29 directors
of refugee camp. An additional 76 rural localities are
either not inhibited (forced to leave there villages by
the Israeli army because of colonialization or for secu-
rity reasons) or they joined larger nearby localities.

4.2.4 Palestinian Water Resources

The estimated average annual ground water recharge
in Palestine is 698 to 708 mcm/yr (648 mcm/yr in the
West Bank and 50 to 60 mcm/yr in the Gaza Strip).
The main surface water source in the West Bank is the
Jordan River and its tributaries (see figure 4.3). In the
Johnston plan of 1955, the Palestinian share in the Jor-
dan River of 257 mcm/yr was considered as part of
the Jordanian share of 774 mcm/yr as the West Bank
was then under the Jordanian rule. Since the 1967 war
to the present, Palestinians have been prohibited by
the Israeli army from using the Jordan River water.
Palestinian lands and farms located along the western
side of the river were confiscated and the area was
declared as a restricted military security zone
(Haddad 1993). In addition, and since 1967 – with the
Israeli military occupation of the West Bank and Gaza
Strip – Palestinians were also prohibited from develop-
ing the surface water runoff amounted at 72 mcm/yr
(Haddad 1993, 1998).

4.3 Israeli Water Politics

During the past century Jewish military groups (before
1948) and Israel (after 1948 until present) skillfully de-
termined, directly and/or indirectly, the amount of wa-
ter that would be available for Palestinians and who
would get what water, for what purpose, from which
resource, and when. Israeli water policies in the Pales-
tinian territory were characterized by four main steps:
a) unilateral actions, b) enacting laws and military or-
ders, c) setting policy, and d) implementing control.

4.3.1 Military Overpower and Unilateral 
Actions 

Since 1948 Israel unilaterally implemented several
major water projects using water claimed by others
without getting the agreement of other riparians.
Israel diverted water from the Jordan River Basin
through its national water carrier, dried Hula lake
among others. Immediately after the end of the 1967
war, Israel destroyed 140 Palestinian water pumps in
the Jordan Valley and made it difficult to obtain per-
mits for new wells. After this destruction, the Israeli
army declared the area in the West Bank near the Jor-
dan River a military-security zone and thus prevented
many Palestinians to get to their farm land.

4.3.2 Enacting Laws and Military Orders 

Following the 1967 war, Israel secured its control
over the headwaters of the Jordan River. Before 1967,
the Palestinians had 720 groundwater wells for agri-
cultural and domestic purposes. Soon after the occu-
pation, Israel imposed a number of military orders
to control Palestinian water resources. On 15 August
1967, the Israeli military commander issued Order No.
92, in which water was considered a strategic resource.
This order was followed by numerous other orders
aimed at making basic changes in the water laws and
regulations in force in the West Bank. Under Military
Order No. 158 of 1967, it is not permissible for any per-
son to set up or to assemble or to possess or to operate
a water installation unless a license has been obtained
from the area commander. This order applies to all
wells and irrigation installations. The area commander
can refuse to grant any license without the need for jus-
tification. These orders were followed by numerous mil-
itary orders (No. 291, No. 457 of 1972, 484 of 1972, 494
of 1972, 715 of 1977 and 1376 of 1991) to achieve com-
plete control over Palestinian water resources (figure
4.4 and 4.5). 
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4.3.3 Setting Policy 

The Israeli policy in the Occupied Palestinian Territo-
ries consists of (1) limiting Palestinian economic devel-
opment through limiting the water available to Pales-
tinians and (2) closing all doors to a just and real
peace with acceptable and implementable political so-
lutions. These policies have left the Palestinians with-
out hope. It has also forced them to leave their land
and migrate to neighboring Arabic countries or work
as cheap unskilled labor in Israel.

4.3.4 Implementing, Establishing, and 
Controlling 

Palestinian water use was set at a fixed quota by the Is-
raeli civil administration and military authority in the
early days of the military occupation of the West Bank
and the Gaza Strip. Despite the rapid increase in the
Palestinian population and demand for more water,
since 1967 Israel has granted Palestinians in the West
Bank only very limited permits for new water wells
(figure 4.6 and 4.7). All were to be used exclusively for
domestic purposes. New water wells for agricultural

Figure 4.3: Hydrological Vulnerability of Groundwater to Pollution in the West Bank. Source: <http://
www.grid.unep.ch/product/map/images/palestine_wb_vulnerabilityb.jpg>
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purposes in the West Bank were also restricted grant-
ing only three permits.

Israel created the so-called the Israeli Civil Admin-
istration, a military – civil organization that had to
implement and oversee the implementation of these
policies and military orders and laws, which ensured
their full control over Palestinian land and resources
including water and humans. 

Palestinians in the West Bank and Gaza Strip have
an intermittent water supply system, namely they get
water in the system only twice a week only and then
for only 2–3 hours. Water quality has been altered by
such a water supply system. Based on Israeli military

orders a Palestinian cannot build any type or size of
water infrastructure without the written permission of
Israeli authorities. If a Palestinian municipality sub-
mits such a request to the Israeli authority, their re-
quest might take a year to be answered. In contrast all
Israeli settlements have continuous – 24 hours per
day/seven days a week water supplies of their desired
quantity and the quality meets high standards. 

Figure 4.4: Water Carriers in the West Bank. Sources: UNEP 2003; <http://www.grid.unep.ch/product/map/images/
palestine_wb_carrierb.jpg>.
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4.4 Key Palestinian-Israeli Water 
Issues

4.4.1 The Problem

The initial and basic problem between Palestinians
and Israelis on water is not water availability, use or

supply efficiency, or any other economic or technical
problems but the Israeli political competition over Pal-
estinian land and its natural resources and who con-
trols and owns what in historic Palestine. Israel uses
military power unilaterally to set water controls, use,
access and mobility of Israelis and Palestinians to avai-
lable water resources in historic Palestine including

Figure 4.5: Water Carriers in Gaza. Sources: UNEP 2003; <http://www.grid.unep.ch/product/map/images/palestine_
gaza_carrierb.jpg>; 
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the West Bank and Gaza Strip resulting in a growing
water demand for Israelis and in limitations and re-
strictions of water for the Palestinians that has re-
sulted in a difference in water use between Israelis

and Palestinians of over four to one. The ongoing and
increasing problem is that population and socio-eco-
nomic growth of both people with time has resulted
in a severe water deficit which exceeds available and

Figure 4.6: Well Distribution in Gaza. Sources: UNEP 2003, <http://www.grid.unep.ch/product/map/images/
palestine_gaza_wellb.jpg>.
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renewable water resources in the disputed area or
boundaries.

4.4.2 Palestinian/Israeli Water Negotiation 
(1993-95)

The PLO was not prepared for detailed negotiation
including those on water and it lacked a pre-negotia-
tion a negotiating team, as well as a policy or strategy
on water. The only data the PLO possessed were in
archival files and reports prepared by various experts.

The data in those reports and studies were not veri-
fied or validated.

Water negotiations on the transfer of authority on
water in the Gaza Strip went smoothly because there
was no water interest on the Israeli side in Gaza and
the Palestinian side did not raise serious water issues
such as (1) the wadi Gaza water blockage beyond the
green line by the Israelis amounting to 20–30 mcm/
yr, (2) the supply of the Gaza Strip with water from
the Palestinian share in the Jordan River Basin from
Lake Tiberius through the Israeli National water car-
rier, and others. 

Figure 4.7: Well Distribution in the West Bank. Sources: UNEP 2003, <http://www.grid.unep.ch/product/map/images/
palestine_wb_wellb.jpg>.
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Negotiations between Palestinians and Israelis on
the interim transfer of authority for water in the West
Bank started in Cairo in mid 1995 and continued for
four months with difficulties on defining the terms of
reference. These negotiations ended in Taba by an or-
der from top Palestinian political leaders to the head
of the negotiating team asking him to sign a preset Is-
raeli drafted water agreement. This agreement ap-
peared in Oslo-B, article 40, annex 3 (Oslo – B 1995).
It was not an agreement addressing Palestinian water
needs and problems, on the contrary, some of the ar-
ticles harm the Palestinian cause such as the one talk-
ing about future Palestinian water needs estimated at
70–80 mcm. It was intended, as promised by the Is-
raeli side, that this accord would only be valid for the
transient interim stage that would end in the year
2000. The water issue at the end of that stage would
be settled among the other pending issues such as Je-
rusalem, borders, refugees, etc.

4.4.3 Water Equity

The Palestinian-Israeli water equity or equal rights to
water is not and should not be a political issue. It is a
matter of morals and values as well as rights. Supply-
ing water effectively and efficiently to both people
using the same human values and criteria is essential
for the living together between Palestinians and Israe-
lis irrespective what the final political status between
them might be.

4.4.4 Water Rights and Water Needs 

If things are normal and mutual trust between Pales-
tinians and Israelis exists, any evolving conflict can be
faced and resolved. However, the issue is far beyond
trust, neighborhood relations and mutual interest. In
Israel the political leadership has different views on
the subject matters for example former Prime Minis-
ter Sharon was quoted saying: “My view of Judea and
Samaria is well known, the absolute necessity of pro-
tecting our water in this region is central to our secu-
rity. It is a non-negotiable item” (Boston Sunday
Globe, 1998). In one of his meetings with the Palestin-
ian negotiators, the former Israeli water commis-
sioner Ben-Meir said: “I recognize needs, not rights.
We are prepared to connect Arab villages to Israel as
well, but I want to retain sovereignty on hand.” These
statements confirm Palestinian fears of a dry peace
and whether Israel genuinely wants peace. 

The Israeli position in the bilateral Palestinian-Is-
raeli talks on water is summarized by the idea that the

existing uses of water need to be maintained and pre-
served except for drinking water as well as new alter-
native water sources that need to be jointly looked at.
Accordingly, the Palestinians fear that discussing with
the Israelis only water needs and quantities separately
from water rights will end by making the Palestinians
consumers of or visitors to Israel. In such a case Israel
could at any time or instance bring real or artificial
cuts, reductions, or monopolizations to those quanti-
ties either in price, time or in place. This would limit
Palestinian development and existence. Palestinians
also fear that accepting such an approach will also
end in separating them from their land and their re-
sources including renewable fresh water resources
which is the intention of all Israeli activities in the Oc-
cupied Palestinian Territories.

4.5 Conflict Resolution and Resolving 
Mechanisms

Theoretically and subjectively the Palestinian/Israeli
conflict in the beginning could be encountered and
resolved peacefully using international and UN
schemes, orderliness, and methods. This did not ma-
terialize on the ground, instead military force, mili-
tary, economic and political power, superiority and
manipulations were used. The Palestinian leaders en-
couraged high expectations in their people’s mind,
while most local and some international organizations
allowed Israel to grow and strengthen its position.
Verbal non-involvement, non-decisive, non-imple-
mentable UN resolutions were adopted and had the
effect of creating a bigger and wider conflict. The au-
thor would like to point to the human suffering and
negative consequences associated with abiding with
non-decisive resolutions. Military mechanisms will not
last forever and there is a high need for real and ob-
jective approaches taking both peoples’ needs and as-
pirations for the present and the longer term future
into consideration.

4.5.1 Prior Use and Illegal Exploitation

Israel grants itself legitimacy for previous violations of
Palestinian water rights by using military force and
forcing Palestinians to accept the ‘prior use’ approach.
In addition, Israel rejects to compensate Palestinians
for the decades of illegal exploitation of their water
resources. Thus, Palestinians are entitled to demand
‘affirmative action’ to compensate them for past dep-
rivations. Israel accepts neither the legal nor the
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moral responsibility that an occupying power should
accept. Indeed, Israel acts as if the Palestinians were
the intruders. 

4.5.2 Sovereignty and Water 

Palestinians, to be sovereign, need to have supreme
and independent political authority, power, and rule
over a well defined pieces of land including all its nat-
ural resources. Water is primary among these. Water
resources are those (1) that lie over and/or under the
land territory of the sovereign state, (2) that the state
has and can use for its own advantage, (3) supply or
fulfill domestic, agricultural, industrial, and other pur-
poses and (4) as reserves for emergencies. 

In the Palestinian case neither the definition of the
sovereign state nor that of its natural resources is ac-
ceptable to the Israeli side. Therefore, Palestinians
should seriously seek and put in place needed proce-
dures, checks, and high care when reviewing and ana-
lyzing any political proposal or plan, or agreement
presented to them, so that Palestinian rights and state
sovereignty is not jeopardized and Israeli fears and in-
terests are considered. 

4.5.3 Water Supply to Jewish Colonies and 
Army Camps

The Palestinian side considers the Jewish colonies in
the West Bank and the Gaza Strip illegal and therefore
requires that Israel should not make any develop-
ments in those areas. This includes drilling of new
water wells, developing the existing ones or changing
the current water extraction. 

4.5.4 Water Infrastructure and Contractual 
Agreements

The Palestinian side insists that all existing water infra-
structures and works in the Palestinian Territory is
owned by the Palestinian Authority and should be
handed over to the Palestinian side. All contractual
agreements that the Israeli side signed with any side
during the military occupation is considered to be
non-binding for the Palestinian side. 

4.6 The Way Forward

Continuing the past and present approaches in deal-
ing with the problem previously identified will result
in serious harm to both people with different propor-

tions and scales. A long lasting, just peace between
both sides must be based on unified national rights,
human values, and mutual living. Mutual living be-
tween Palestinians and Israelis under the same values
and criteria in peace and stability requires reaching (a)
a political agreement between the two sides which
would tackle and resolve all important and conflicting
issues, (b) practical and long term solutions for issues
that prevent life and economic growth and develop-
ment of both people including needed water availabil-
ity and (c) operational applicable approaches (short
and long-term) leading to joint planning, central ad-
ministration and cooperation in efficient and effective
water supply and demand management.

Israelis and Palestinians have to think strategically
having in mind that: 

• military superiority will not sustain forever and
that peace and stability will prevail between the
both sides sooner or later; 

• a viable Palestinian State is a prerequisite and a
part of this future peace and stability;

• a viable state requires sovereignty over its well
defined and marked land and natural resources
including water;

• bilateral and regional cooperation on water includ-
ing sharing and developing new water resources,
physical and ‘virtual water’ markets and transfers is
also a prerequisite for peace and stability in the
region.

It is proposed that a Joint Water Utility (JWU) serving
both nations (Palestinians and Israelis alike) with clear
objectives and goals and using unified human values
could be an answer to most of these issues and would
help leading to peace and stability between both con-
flict parties. Both sides would have to work on issues
such as what instruments and mechanisms would sup-
port and fund such a JWU, what would the organiza-
tional behavior be like, would there be endowments,
who would own what, what form would control take,
how would employment be handled, what codes
would be adopted and what roles would local, na-
tional, and international affiliates, parties, and compa-
nies play.

Activities and operations of such a JWU would in-
clude among others exploitation, development, and
preservation of water resources; the legal framework;
characteristics of the JWU; current and future water
management challenges; impacts on and interaction
with local water institutions; creation, administration
and operation of the JWU; costs, fees, and taxation,
and operational measures. Such measures should con-
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stitute a comprehensive and concerted system of joint
actions and measures at the national, local level; of in-
ternational community, the U.S., Europe, and neigh-
boring Arab countries; including capital and technol-
ogy transfer; maintaining, consolidating, and creating
partnership and cooperation links between both gov-
ernments; and economic development, implementa-
tion, monitoring and follow-up of all JWU operations
and activities is very essential to the success of the util-
ity. This process should include performance and
compliance, consultation and complaint procedures,
conflict resolution mechanisms; mechanisms for insti-
tutional development with time, risks and risk mana-
gement, understanding the risks facing the JWU, risk
areas and strategies for dealing with them. 

4.7 Concluding Remarks

Water is life and the future of Palestine depends on
thee availability of water and its quality. Israel has uni-
laterally controlled Palestinian water resources with
military force and means with the result that Palestin-
ians are not controlling any of their national water
resources and using water less than one fourth of that
portion used by an Israeli.

A continuation of this practice may lead to the
continuation and even the acceleration of a divisive,
violent, segregated, and inhuman conflict. In search-
ing for an answer to the question of how the water is-
sue between Palestinians and Israelis could be re-
solved in the future several key elements were
presented including human equity, water rights and
state sovereignty. The legitimacy of unilateral actions
in a militarily occupied country was challenged where
the Palestinian land has been colonialized by bringing
immigrants from outside. In response to this situa-
tion, a compromise was proposed by Palestinians.
This compromise consists of establishing a Joint Wa-
ter Utility (JWU) as part of a future political agree-
ment between Palestinians and Israelis controlling
jointly all existing renewable and all future developed
water resources simultaneously serving both nations,
Palestinians and Israelis alike, with a clear authority,
objectives and goals, based on commonly shared hu-
man values.
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Abstract

While water scarcity is a growing problem in most Middle Eastern countries today, the
general public remains largely unaware of this reality and what it can entail for the future.
It seems that unless there is tangible scarcity – as in Jordan where users receive only 24
hours of water a week – people will assume there is plenty; one only starts valuing the
resource when it can no longer be taken for granted. Even when people are aware that cur-
rent levels of water consumption are not sustainable, they seldom feel any personal respon-
sibility for the situation or any compulsion to change their behavior patterns; in their eyes
this responsibility lies with God or the government.

In this chapter I will identify the reasons behind the lack of public awareness and the indif-
ference that surround issues of water scarcity. To do this, I will draw on material gathered
during four years of independent field research in eleven countries in the Middle East,
using information and observations from more than 100 interviews with politicians, aca-
demics, journalists, water experts, members of local communities and farmers. 

I will argue that the reality of scarcity is concealed by religious, political and technological
myths. These make it possible for the user to ignore the alarming reality and continue to
consume water as though it were an inexhaustible resource. The absence of pricing poli-
cies in several Muslim countries, the continued political support for agriculture and water-
thirsty crops like wheat, rice and cotton, combined with the false sense of security created
by large-scale engineering projects all form part of this mythology of plenty. 

The inevitable conclusion is that in addressing the problem of water scarcity in the Middle
East, public perception of the problem and attitudes towards water should be considered
just as important as solid scientific data regarding water use and abuse. Besides discussing
the reasons behind the general undervaluing of water, I will also examine possible solu-
tions, assessing the value of projects that aim to increase public awareness and give users
a greater sense of responsibility for the water they consume.

Keywords: water scarcity, Middle East and North Africa, lack of awareness, raising aware-
ness, religion, political ideology and water, modern technology and perceptions of water
availability, lack of political transparency, education

5.1 Introduction

Around the world water is becoming an increasingly
scarce and valuable resource: 40 per cent of the
world’s population in 80 countries suffers from seri-

ous water shortages, and more than a billion people
worldwide do not have access to safe drinking water
(UNEP 2002: 69–71). The countries of the Middle
East and North Africa (MENA) are among the
poorest in the world in terms of water resources. Ten
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per cent of the world population lives in the region,
yet it only has access to two per cent of the world’s to-
tal freshwater resources (World Bank 1995: 1). Pres-
sure from population growth, the introduction of
more modern techniques of water collection and dis-
tribution, higher standards of living, and a decrease in
the already low rainfall levels all mean that this situa-
tion is only deteriorating (ESCWA 2001a: 3). The UN
Global Environment Outlook 2002 foresees that 95
per cent of the Middle East will be suffering from se-
vere water shortages by the year 2032 (UNEP 2002:
385–390). 

Given the gravity of this situation, it is surprising
that the general public in the MENA region remains
largely unaware of the impending water crisis and the
far-reaching effects it could have at all levels of society.
In this chapter I will argue that this lack of public
awareness is due to the tenacious presence of reli-
gious, political and technological myths which create
the illusion of plenty. Constructed upon age-old tradi-
tions and beliefs, but also on the convincing rhetoric
and imagery of modern-day politicians and engineers,
these myths conceal the reality of growing water scar-
city. Like the current levels of water consumption in
the region, the perpetration of these myths is highly
unsustainable; in fact, the longer they are upheld, the
sooner the region will be confronted with serious
shortages. 

It is however difficult to call attention to a prob-
lem which has until now remained invisible to most.
In many countries water scarcity is not yet tangible on
a daily basis. And, sadly, it appears that people will
only change their attitudes towards water use once it
is ‘too late’ – when reserves have reached critical levels
and water is rationed. Programs to raise awareness of
water scarcity therefore seem to be most successful in
areas where the crisis is most acute.

The material presented in this chapter is based on
four years of research in the MENA region. During
this period I visited Morocco, Tunisia, Libya, Egypt,
Sudan, Jordan, Israel, the Palestinian Territories,
Syria, Lebanon and Turkey. In each of these countries
I carried out interviews and field and literature re-
search with the aim of gaining an understanding of lo-
cal attitudes towards water and perceptions of the
growing problem of water scarcity.

Before embarking on this project, I had expected
the beliefs, attitudes and traditions surrounding water
in the Middle East to be very different from those in
the wet northern climates in which I had grown up. I
imagined people used the resource more sparingly
and valued its presence more highly than we do in

The Netherlands where water is only a problem
through its abundance.

Yet in most places I found people had exactly the
same perception of water as I do: they never really
think about it. It is an unquestioned resource that is
taken for granted like the air one breathes, and few
seem to cherish it to its true value. Only those who
experience acute scarcity at a physical level – the Suda-
nese farmers who send their daughters to fetch water
three hours walk away; the Amman housewife who
has to run her household on a ration of 24 hours of
water a week – seem to fully acknowledge the value of
water’s presence. 

And even those who acknowledge that there is a
problem feel little incentive to alter their behavior to-
wards the resource. Instead, water management is left
in the hands of God or the government. Due to the
heavily centralized system of water distribution in
countries like Egypt, Turkey and Israel, the individual
user has little control over the resource and therefore
feels no responsibility for the water he uses. But also
in countries with less centralized systems – Syria, Jor-
dan and Morocco for instance – users feel little com-
pulsion to become actively involved in water manage-
ment. 

Thus in the Jordan Valley, farmers are reluctant to
join the newly established water user associations:
they simply don’t see the point. As water represents
only two to five per cent of the cost of running a
farm, it is very low on the farmer’s list of priorities;
many other things are more important. Rémy Cour-
cier, a French agricultural expert working in the Jor-
dan Valley, explained this: 

In the farmer’s eyes it is like this: if there is no water,
you go and do something else, and if there is water,
then why should you have to take responsibility over it,
and pay for it and go to boring water user association
meetings? Water only becomes important when it stops
flowing, when it is polluted and when it is saline. That’s
when it becomes an issue. And in their eyes, God pro-
vides. So you see it is difficult to change attitudes.1 

5.2 Religion and Ideology: Water as a 
God-Given Right 

While perhaps not the primary cause of water’s under-
valuation in the MENA, religion and ideology are cer-

1 Interview with Rémy Courcier, regional agricultural
expert, Mission Régionale Eau et Agriculture (MREA),
Middle East Water Management Project by the French
Government, Amman, Jordan, November 2003 
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tainly the most deep-rooted and tenacious reasons for
the lack of awareness surrounding the issue of water
scarcity.2 Because of the strength of religious and ide-
ological beliefs, water is perceived as a gift from God
to which one should have an inalienable right. This
means that in many predominantly Islamic countries
in the region water remains heavily underpriced,
which in turns leads to widespread waste of the
resource on both domestic and agricultural levels. 

In Syria, the domestic user only pays a nominal
price for water: in 2001 an inhabitant of Damascus
paid just 5 US $ per 1,000 liters of water he consumed
(World Bank 2001). In agriculture Syrian farmers have
recently started paying a fee for water diverted from
government irrigation networks. However, out of the
total irrigated area, 59 per cent of the land is irrigated
with water from private – and often illegal – wells. The
absence of any control over the water that is pumped
from these wells has led to a severe decrease in
groundwater levels throughout the country.3

In Egypt neither municipal users nor farmers pay
for the water they use and monthly water bills in
Cairo can be as low as US $ 1 (World Bank 2001). Pri-
cing in agriculture remains a taboo, as I realized du-
ring several interviews at the Ministry of Water Re-
sources in Cairo, where I received shocked responses
when I enquired about the price of water for agricul-
tural use. 4 

In both cases the gross underpricing of water is
justified on religious grounds. In his time, the Prophet
Mohammed discouraged the selling of water and
according to Muslim teaching, water is a gift from
God that should be freely available to all. But the
Koran also incites believers to use water sparingly and
constantly reminds them that it is a gift from Allah
that He can withhold if He so pleases. 

Yet in practice most users appear to see the re-
source as a God-given right, instead of a precious gift
that should be treasured. In conversations with a wide

range of people in the MENA – from government of-
ficials to local farmers – I observed a certain resigna-
tion and an acceptance of the situation. Thus in the
dying Ghuta Oasis near Damascus a disillusioned
farmer explained the degradation of the environment
and the pollution of the local Barada River as God’s
punishment for the sins of the believers.5 At the site
of the Hassan Addakhil Dam in Southern Morocco
the director of the dam smiled happily as he looked
down into the nearly-empty reservoir and commen-
ted: “We trust God will send us rain soon.” He see-
med completely carefree: it was out of his hands.6 In
both cases higher forces are held responsible for situa-
tions that are entirely manmade. In a sense this is a
way of shirking responsibility: as though the blame
can be laid on God’s shoulders and His omnipotence
can be used as an excuse for the human neglect and
destruction of the environment.

In Israel, Zionist ideology has strongly colored
public perceptions of water and its availability. Even
before the establishment of the State of Israel, the Zi-
onist movement made the quest for water in the Land
of Israel its priority. For without sufficient water sup-
plies, the dream of returning to the Jewish homeland
could never be fulfilled (Rouyer 2000: 80). 

The quest for the development and acquisition of
water resources continued to play an important role
in the definition of national policy after Israel’s inde-
pendence in 1948. Former prime minister Levi Eshkol
described water as “the blood flowing through the ar-
teries of the nation” (Rouyer 2000: 80), and it came
to be seen not just as a natural resource but as the in-
strument of Israel’s transformation and prosperity.
Water was more than an economic commodity; it was
part of an ideology. And as technological capacities
increased, water resource development became a sym-
bol of the unlimited power of technology in transfor-
ming the land. The Israelis believed that with hard
work and the development of sophisticated hydrologi-
cal projects, there was no limit to the development of
the land and its water. Thus ideology and geopolitics
took precedence over economic and environmental
realities (Rouyer 2000: 80; Tal 2002: 200). Water was
only valuable if it could be harnessed for agricultural
expansion; climatic considerations such as low and
unpredictable rainfall were ignored by politicians of

2  For more details on the role of ideology and religion in
shaping public perceptions of water availability, see also
de Châtel 2007: chapters 2, 5, 7.

3 Bazza, M.; Ahmad, M.: A Comparative Assessment of
Links Between Irrigation Water Pricing and Irrigation
Performance in the Near East, p. 13, at: <http://
www.fao.org/world/regional/rne/morelinks/Irrig/Wat-
pric.pdf.>.

4 In interviews with Engineer Gamil Mahmoud, manager
of the Water Policy Advisory Unit, Ministry of Water
Resources and Irrigation (MWRI), Cairo, April 2001; Dr
Dia Al Din Al Qosy, Senior Advisor to the Minister,
MWRI, Cairo, May 2002

5 Interview with Abu Fares, local farmer in the Ghuta
Oasis near Damascus, Syria, June 2001

6 Interview with Mr El Fakihi, Regional Director of the
Ministry of Equipment, Er Rachidia, Morocco, Febru-
ary 2001
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the day, while unsustainable use of the resource was
seen as a necessary ill.

The environmental scientist Alon Tal (2002) des-
cribes the passion for water that dominated during
the early years of the Israeli State as almost a “Shake-
spearean tragic flaw”: on the one hand it led to the
development of innovative water development pro-
jects on a scale hitherto unknown in the Middle East.
On the other hand, it created an unrealistic appetite
and blinded decision makers to the long-term implica-
tions of stress on a fragile resource. “The argument
could be made that they almost loved Israel’s water re-
sources to death” (Tal 2002: 200).

While the Zionist movement thought of itself as
liberating the Holy Land and restoring it to its former
glory, the underlying attitude towards the environ-
ment would, over the years, place a growing and un-
sustainable demand on the country’s water resources.
Today this attitude has become an inextricable part of
Israeli policy. Because agriculture and the water it uses
play such a key role in Israel’s founding myth, it is dif-
ficult to question the policymaking in either domain.

5.3 Water as a Political and Social 
Issue

The reluctance to price water at its true value is how-
ever not only based on pious principles and religious
conviction; more often than not the main motivation
behind low water fees is the support of the agricul-
tural sector that guzzles between 60 and 90 per cent
of water resources throughout the region. The conti-
nued support and expansion of the agricultural sector
partly stems from a concern over food security. While
MENA countries can never be fully self-sufficient,
they seek to attain relative food security, ensuring ba-
sic food needs are met. 

In the Arab countries of the region, there is also
another social reason for supporting agriculture, as it
effectively limits further urbanization, and supports
small-scale subsistence farming in the region. Theib
Oweis, a water specialist at the International Centre
for Agricultural Research in Dry Areas (ICARDA)
near the Syrian town of Aleppo, explains that in these
rural societies, the problem of water and its distribu-
tion has far-reaching social, political and economic
implications. Water can therefore not be considered
as an isolated resource. 

There is a strong social dimension. Most people here
live in the countryside and have a rural lifestyle. Water
has a very special status in their life. This is why many

countries in the region aim to maintain an agricultural
society: to ensure stable societies. That is also why there
are subsidies. It is not just economics that affects the use
of water in these countries; you also need to evaluate
the other aspects that come into the equation such as
environment, society and politics.7

The continued support for agriculture as it exists now
is unsustainable; at the same time any kind of reform
is fraught with difficulties as this traditional agricul-
ture also represents a way of life that has existed for
thousands of years in the Middle East. It is thus easier
for governments to maintain the status quo, subsidize
agriculture and turn a blind eye to the lowering
groundwater levels, the depleting aquifers and the
huge waste that takes place everywhere. 

In Israel the continued support for agriculture is
not so much a social necessity as a political choice.
Current agricultural and water management policies
are still strongly tinted by Zionist ideology and the
desire to transform the desert landscape into green
pastures. Around 60 per cent of Israel’s water supply
goes to agriculture (Bar-Shiva 2005). When compared
to the other countries in the region, this is still relati-
vely low. However, unlike other MENA countries, in
Israel agriculture represents only a small portion of
the national income. In 1991 it made up only 3 per
cent of the country’s GDP, while only 4 per cent of
the total workforce was employed in the agricultural
sector (Lipchin 2003). Yet it continues to enjoy strong
support from the government, most conspicuously
through the water pricing system which blatantly
favors agriculture over household and industry. There-
fore farmers pay much less than users in other sectors
and the water they use is heavily subsidized.8 

Critics of Israel’s water pricing and agricultural
policies are numerous. They point out that the high
subsidies for water used in agriculture create a net loss
for the national economy and that water-thirsty crops
such as bananas and citrus should be imported. Ac-
cording to Lipchin (2003) any change in this status
quo will require the revision of Zionist ideology to

7 In an interview with Dr Theib Oweis, water specialist,
International Centre for Agricultural Research in Dry
Areas (ICARDA), Aleppo, Syria, June 2001

8 Bar-Shiva/Cohen/Kislev (2005): Israeli farmers pay
around 70 per cent of the real cost of the water they
use. Household users are charged much higher rates,
both by the state water company Mekorot and the
municipalities. While farmers paid an average of $ 0.25
per cubic meter in 2005, household users paid at least
twice that price at $ 0.61–1.27.
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match the reality of Israel’s arid environment and
scarce water resources. 

Lipchin believes that to break through the
entrenched views of Zionism, the system needs to be
decentralized, allowing for privatization and local-
level decision making. In his view this could help
reduce the buffer zone that exists between water man-
agement and the public perception of water availabil-
ity. “Because the public is encapsulated in a central-
ized system over which they have no control, changing
ideological values that actually represent the situation
on the ground will prove daunting,” he says, adding
that it is at the same time a necessity if the country is
to confront the regional water crisis (Lipchin 2003). 

While Israel’s current water policy is perhaps irra-
tional and, in the long term certainly unsustainable, it
will be difficult to change. This is partly due to the
power of the agricultural lobby within Israeli politics,
but, on a deeper level, Zionist ideology also plays an
important role. While it is perhaps less influential
than 25 years ago, its values and the image of Israel it
represents are still deeply engrained in the national
psyche. 

5.4 Greening the Desert: The 
Promise of Technology

Technology and the impact it has on daily life and the
functioning of society at large is an important cause
for water’s undervaluing. Indeed, modern technology
deeply affects the way people think about water and
use it. As soon as water starts flowing from a tap, it is
taken for granted; people forget that a fluctuating
river or an erratic weather system lies at its origins. By
making its source invisible, water’s existence is di-
vorced from the elements and the seasons, and it be-
comes paradoxically omnipresent. The user can com-
fortably assume that it flows from an endless supply. 

It is indisputable that the technological advances
of the 20th century have enabled the development of
MENA economies and improved standards of living.
However, on a psychological level – and because many
of these projects were hailed by their creators as the
answer to all problems – there is now a complacency
about water. The Egyptian President Gamal Abdel
Nasser spoke of the High Aswan Dam as a “source of
everlasting prosperity”. Indeed, the High Aswan Dam
has transformed the country: not only has it allowed
Egypt to intensify its agriculture, it also saved the
country from the drought and famine that devastated
Ethiopia and Sudan in the 1980s. But on a more ab-

stract level the Aswan High Dam has given the Egyp-
tians a false sense of security over water. 

Mohamed Sid Ahmed, a political journalist and
commentator in Cairo, comments: “[Since the con-
struction of Aswan High Dam] people are less aware
of the value of the water they use. They take it for
granted in a way and don’t see it as a precious re-
source. They think they can just press a button and
that the water will come.”9 

Two issues are at stake here: in the first place
there is the issue of scale. Twentieth-century tech-
nology brought large-scale engineering schemes with
it. Projects like the High Aswan Dam in Egypt, the
Great Manmade River in Libya and the GAP project
in Turkey10 all have one thing in common: their dehu-
manizing scale. The sheer size of the dam reservoirs
and the huge amount of water that is transported
through these pipelines simply surpasses the indivi-
dual imagination. This in turn leads the general public
to believe that water supplies are endless. 

The second issue is distance. Through the devel-
opment of modern water distribution systems, the
link that used to exist between the individual user and
his water is severed. Water now flows from the source
through an intricate network to arrive at a user many
tens or even hundreds of miles away. 

This is the case in Israel where the nationalization
of water resources in 1959 and the construction of the
National Water Carrier in 1964 has created an ex-
tremely efficient and sophisticated system of water
distribution. According to Tal, there should have been
a transition at this point: after a first stage in which
water resources were developed and made accessible
across the country, there should have come a second
stage during which the limits of the resource were ac-
knowledged and the emphasis would have been
placed on conservation and an improvement in effi-
ciency. “The fundamentally ideological approach to
water, however, prevented a successful transition to
the more mature, sustainable stage” (Tal 2002: 200–
201).

The seamless ease with which water is now deliv-
ered throughout the country is without a doubt re-
markable, but Lipchin believes it is a double-edged
knife. For the system’s efficiency has also blunted peo-

9 Mohammed Sid Ahmed, political journalist and com-
mentator, in interview, Cairo, April 2001

10 GAP is the Turkish abbreviation for the South-East Ana-
tolian Project, an ambitious and controversial scheme
consisting of 22 dams and 19 hydro-electric power
plants on the Tigris and Euphrates Rivers in Turkey
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ple’s sense of awareness of water scarcity. In the eyes
of the general public there is endless potential in tech-
nological development and neither decision makers,
nor the general public, have acknowledged that there
are limits to the country’s water resources.11 

Today the solution to scarcity is being sought not
in conservation or a change in agricultural policies but
in new technology: desalination, a method that prom-
ises unlimited supplies. While the schemes can indeed
provide a large volume of water, the technology does
not address the underlying political and institutional
problems. In fact, desalination makes it possible to
avoid these issues and maintain a system in which
household users pay for the water that is used – and
because of the low prices, also wasted – in agriculture.

Thus the promise of large-scale desalination in Is-
rael has the same effect as the High Aswan Dam has
had in Egypt: it has created an over-reliance on tech-
nology. In the case of Israel it has slowed the discus-
sion on water allocations: not only between the agri-
cultural, industrial and domestic sectors, but also
between Israel and the Palestinian Authority. Indeed,
in the eyes of some, the fact that Israel can rely on de-
salination implies that it will in the future no longer
have to look at the issue of water supply in a regional
context. 

Arnon Soffer, a professor of geography at Haifa
University, is a protagonist of a “total divorce” be-
tween Israel and the Palestinian Authority. He says
that because Israel can rely on desalinated water, it no
longer needs the water of the Mountain Aquifer. “I
am very clear on the steps that should taken. There
should be a total separation of all aspects. Also of wa-
ter. They [the PA] are a third world country and they
will pollute the Mountain Aquifer and all the re-
sources they have. So let them have it.”12 

Because Israel can rely on technology to resolve its
water problem, it holds the strong position in any wa-
ter negotiations with the Palestinian Authority. The
Palestinians cannot afford modern technologies as de-
salination. The current political situation and the on-
going conflict between Israel and the Palestinian Au-
thority means that it is very difficult to form an image
of the public perception of water among Palestinians. 

Where religion, politics and technology conceal
the reality of scarcity in many MENA countries, in the
Palestinian Territories, water scarcity is a daily reality

for many. However, the scarcity here is construed: it
is not so much about availability as about access. At
the same time, while water scarcity is a serious prob-
lem, it is just one of a dozen problems Palestinians
have to worry about on a daily basis. The acuity of the
political situation – both internal and with Israel – also
makes it difficult to carry out research on the popular
perceptions of water in the Palestinian Territories. 

This review of dangerous modern myths is not a
condemnation of modern technology or a nostalgic
eulogy of traditional water wheels and hand-dug wells.
The point is that modern engineering projects
through their impressive scale and grand allure con-
ceal the reality of water scarcity. This reality needs to
be urgently acknowledged. For while a new dam can
alleviate the immediate effects of water scarcity, it
does not change the geographical conditions of the
region. It does not transform desert climates to tem-
perate ones or guarantee abundant rainfall levels. It is
just one component among many that can help in
confronting the problem of water scarcity. 

5.5 Raising Awareness and Changing 
Attitudes towards Water

Around the MENA region there are an increasing
number of initiatives – by governments and NGOs; on
national and local level – to raise awareness about
water scarcity.13 In Morocco, Egypt, Jordan, Israel and
Turkey a variety of programs are being implemented
with the aim of educating and involving the user, and
ultimately, changing his behavior towards water. 

The most obvious way to make people aware of
the value of water is by introducing water prices that
reflect the true cost of the resource. As mentioned
above, there are many political and ideological obsta-
cles preventing this. Still, many predominantly Muslim
countries, including Iran, Morocco, Jordan and Tuni-
sia, have started implementing pricing policies in both
urban and (local) rural contexts. 

But pricing alone is not enough; this policy should
be complemented by education programs that involve
users in local water management. Instead of shielding
the user from reality through the perpetration of de-
ceptive policies, these programs can give them an in-
sight into the gravity of the situation and restore water
to its true value. On an agricultural level, such projects
are being widely implemented through the creation of

11 Clive Lipchin in interview, Arava Institute for Environ-
mental Studies, Kibbutz Kettura, Israel, March 2004

12 In interview with Arnon Soffer, Department Of Geogra-
phy, Haifa University, December 2003, Haifa

13 For more details on projects that aim to raise awareness
of water scarcity, see also de Châtel 2007: chapters 10, 11
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water user associations in which small groups of farm-
ers are given the direct communal responsibility over
the water they use. 

In Egypt the Irrigation Improvement Project (IIP)
aims to rationalize and simplify water use along the
Nile’s side channels. By replacing the numerous indi-
vidual hand pumps by a single pump at the head of
each channel, water is divided more equally and farm-
ers become more involved in the process of water
management. The IIP has been in place since 1997,
creating more than 6,000 water user associations
throughout the country. The program is seen as a suc-
cess, also because many farmers who are not yet in-
volved are signing up to it. However, there has been
no net reduction of water use and critics question the
project’s effectiveness.14 

Professor Mohammed Nasr Allam of Cairo Uni-
versity believes that while user participation and priva-
tization of water management are important, IIP is
perhaps not the best way to do it. 

We need to encourage the cooperation of users. The
government has a shortage of financing and technical
capacities [and] it is important for the government to
transfer water management to other sectors. But the IIP
program is very slow and its results are not very conclu-
sive in terms of water conservation. It achieves lower
cost for the farmer and better production, but no water
is really saved.15 

Thus while Egyptian farmers may today be more invol-
ved in the process of water management, their invol-
vement has not yet led to water savings. 

On a domestic level, awareness campaigns focus
on measures that can help save water in the house-
hold. In Jordan, the American donor organization US
Aid introduced a program between 2000 and 2005.
Water Efficiency and Public Information for Action
(WEPIA) set itself the ambitious goal of not only rai-
sing awareness, but also changing behaviors. The pro-
gram focused on the dissemination of Water Saving
Devices (WSDs), small attachments that can be scre-

wed on to taps, showerheads or installed in toilets to
reduce the water flow. The project was successful,
amending several laws, launching two major media
campaigns and designing education programs for
everyone from toddlers to university students,
women, and even imams. WSDs were also introduced
to 60 per cent of the large users including hotels, hos-
pitals and universities. WEPIA’s mandate has today
been taken over by the water demand management
unit within the Ministry of Water Resources. Its chal-
lenge is to ensure the durability of WEPIA’s work, not
only perpetrating its education and media projects,
but also making sure that the general public remem-
bers WEPIA’s core message: “The Solution is at Your
End”.16

This is the difficulty with many of these programs:
as their mandate and financing are limited, their mes-
sage is all too often forgotten, leaving little tangible
results. Durability and sustainability are therefore of
key concern. 

5.6 Conclusion

There are too many priorities. You look at the situation
and you see only priorities. It is a big challenge: we have
to maximize our benefit from the water we have – use it
more efficiently. Then we have to prevent pollution and
also work with our neighbors. In parallel we have to
look to modernize the irrigation system, encourage
drainage water reuse and limit the birth rate. It is a great
challenge and it is hard to know where to begin.17 

The Egyptian minister of water resources, Dr
Mahmoud Abu Zeid, summed it up; he was talking
about Egypt, but, by and large, the same is valid for
the whole region. Water is an increasingly scarce re-
source throughout the Middle East. Many foresee that
the severe shortages that will afflict the region in the
future will have far-reaching implications for the lives
and livelihoods of the population there. Yet this pop-
ulation remains largely unaware of the impending cri-
sis.18 

The harsh reality of the coming water scarcity is
shrouded in religious, political and technological14 All information on the IIP from visits to the project and

interviews with Jan Bron, Team Leader, Water Boards
Project, Egypt; Royal Haskoning, The Netherlands,
Cairo, Egypt, May 2002; Robert Roostee, Head of the
Fayoum Water Management Project headed by Dutch
Government, Fayoum Oasis, Egypt, May 2002; Eng.
Abdallah Doma, Irrigation Improvement Project (IIP),
National Water Research Centre, Cairo/Damanhour,
Egypt, May 2002

15 Professor Mohammed Nasr Allam, Professor of Irriga-
tion Engineering, Cairo University; General Manager,
Nile Consultants, Cairo, Egypt, May 2002

16 In interview with Dr Hala Dahlan, Senior Technical Spe-
cialist, Water Efficiency and Public Information For
Action (WEPIA), Amman, Jordan, November 2003;
Rania Abdel Khaleq, Director of Water Demand Man-
agement Unit, Ministry of Water Resources and Irriga-
tion, Amman, Jordan, November 2003

17 Dr Mahmoud Abu Zeid, Egyptian Minister of Water
Resources and Irrigation; President of the World Water
Council, Cairo, Egypt, May 2002
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myths, which make it possible to ignore reality and
continue using water as it has been for centuries.
However, the problem is taking on such proportions
that it can no longer be resolved on the sidelines of
society. 

Water is first of all a natural resource, but it is also
part of an intricate web of economic, social and polit-
ical issues from which it cannot be dissociated. It is
impossible to consider water in the MENA without
considering its users, and their beliefs and attitudes.
Because water is not an isolated issue and because its
availability influences the life of everyone in the
MENA region, the problem of water scarcity should
be addressed by society as a whole, not just by policy-
makers and engineers. For a part, it is a technical issue
that can be resolved through engineering works, bet-
ter distribution and less waste. But it is also a social is-
sue that is aggravated by unrestrained population
growth, pollution and lack of education.  
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Abstract

Uja spring is the largest spring in the Eastern Basin of the Judea-Samaria Mountains in the
West Bank. In the vicinity of the spring outlet there are three production wells (Uja 2,3,4).
The Uja spring is characterized by large discharge fluctuations. It was conjectured that the
drying of the spring in dry years is the result of pumping in the nearby Uja wells. This con-
jecture follows the assumption that the spring and the wells are hydrologically connected
and are supplied by the same reservoir.

A detailed investigation of the spring discharge, the hydrological setting of the spring, of
the wells and the wells water level measurements, shows that the spring and the wells are
hydrologically separated. As a result, the pumping from the wells has no influence on the
spring discharge. 

There is a local, very karstic aquifer, which feeds the spring; the discharge depends on cli-
matic variations (drought or rainy years). In contrast the Uja wells draw water from a deep,
separate, aquifer. A similar hydrological situation exists in the En Samiya area, where the
Palestinian Authority utilizes water from the En Samiya spring (Upper aquifer) and from
the wells (lower aquifer). The important consequences of this analysis on the management
strategy of the water supply of the area are concluded in this paper.

Keywords: Aquifer management, hydrology, karst flow, springs, West Bank

6.1 Hydrogeological Background

The area under study extends geographically from the
water divide running along the Ramallah anticlinal
axis in the west to the Jordan Valley in the east, and
from the Fari'a Wadi in the north, to the Wadi Kelt in
the south (figure 6.1). 

The stratigraphic profile exposed in the study area
varies from the Lower Cretaceous age to young for-
mations of the Holocene age. Ancient formations of
Cretaceous age, composed mainly of limestone layers,
are exposed in the area of the Ramallah anticlinal
axis. The Judea Group layers, constituting the regional
aquifer in the area, are exposed to the east of the

Lower Cretaceous layers and in the Hebron anticlinal
axis. Farther east, near the Jordan Valley and through-
out the Judean Desert, the formations of the Mt. Sco-
pus Group are exposed. Young formations of Pleis-
tocene-Holocene age are exposed in the Jordan Valley
and on the shores of the Dead Sea as well as in inland
wadis and valleys (Guttman 1995, 2000). The area is
characterized by intensive fault systems in a general E-
W direction. These fault systems form grabens, horsts
and step structures. The throw of these faults ranges
from some tens of meters to about 100–150 meters.

The area is a semi arid to arid zone, characterized
by sharp fluctuations in precipitation. On the high
mountains in the west, the average rainfall ranges
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from 500 to 700 mm/yr (Jerusalem: 554 mm/yr, and
Ramallah: 647 mm/yr). Towards the east and south-
east there is a sharp drop in precipitation over a rela-
tively short distance. In the Jordan Valley, the average
rainfall ranges from 100 to 150 mm/yr (Jericho: 163
mm/yr). Precipitation decreases to less than 100 mm/
yr on the Dead Sea shores.

The Judea Group aquifer, with a thickness of
about 800 to 850 m is comprised of several sub-aqui-
fers. According to water level measurements, two sub-
aquifers can be identified in most of the study area:
the upper aquifer and the lower aquifer. The upper
aquifer generally includes the Bina, Veradim and Ami-
nadav formations, and at times the aquiferous hori-
zons in the Bet Meir tongue. The lower aquifer in-
cludes the Givat Yearim and Kefira formations and at
times the aquiferous horizons in the Soreq Formation
(Guttman 2000).

According to the well findings, the hydraulic sepa-
ration between the two aquifers is primarily in the

mid-lower section of the Bet Meir formation, com-
posed of bluish-greenish clay, marl and chalk. The
separation is manifested in the difference in water lev-
els in the two sub-aquifers, the level in the upper aqui-
fer being higher than that in the lower aquifer. For ex-
ample; in the En Samiya and Uja areas there is about
200 m difference between the En Samiya and the En
Uja springs on the one hand, and the wells tapping
the lower aquifer on the other (Shaliv 1980; Guttman
1979, 1980, 1995, 2000).

6.2 The Uja Spring

The Uja spring is the largest spring in the Eastern Ba-
sin of the Judea-Samaria Mountain, West Bank. In the
vicinity of the spring outlet there are three production
wells (Uja 2,3,4). The Uja spring is characterized by
large discharge fluctuations (figure 6.2). For example,
in 1993 (a very rainy year) the yearly discharge was
about 18.5 MCM. In the drought year of 1999 the

Figure 6.1: Location Map of the Case Study. Source: Mekorot
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yearly discharge was about only 2.4 MCM. In drought
years the spring dried up during the summer.

There have been discharge measurements since
1944. These data allow an analysis of the spring be-
havior and its flow mechanism (figure 6.2). A detailed
analysis of the spring discharge shows a quick re-
sponse to climate changes (that is, a drought period
beside very rainy periods). The strong correlation be-
tween rainfall (taking Jerusalem station) and the
spring fluctuation is shown in figure 6.3. The maxi-
mum discharge appears just after the rainiest month.
It can be seen that the discharge dies out towards the
end of the winter. Most of the time (except in very
rainy years like 1992), large storage is not required to
maintain a high and steady flow for a long period. 

The depletion curves of the spring look very linear
with different depletion coefficients (t0) between
rainy years. The linearity of the depletion curve shows
that the system has only one flow component and not
two flow components that are very typical for carbon-
atic systems. Possible explanation to it is the existing
of a very developed karstic system in the recharge area
of the spring and rapid flow of the groundwater to-
wards the spring (Guttman 1980; Rosenthal 1978; Kro-
nfeld/Vogel/Rosenthal 1990). 

In average rainy years the depletion coefficient (t0)
is between 130–180 days. In very rainy years (1983,
1993) the depletion coefficient (t0) is much greater
and varies from 540 to 620 days. In contrast to the
rainy years, in drought years the depletion coefficient
(t0) is very small, less than 65 days (table 6.1).

The differences in the depletion co-efficient
means that the size of the recharge area that fed the
spring is not constant changing according to the dis-
tribution of the rainfall. Due to a very karstic aquifer,
it is important to look not only at the yearly rainfall,
but also at the monthly rainfall. For example, in 1987
the total amount of rainfall in Jerusalem station was
677.2 mm (higher than the average) but the spring dis-
charge died out very quickly. The calculated depletion
coefficient (t0) was 47.7 days. In 1988, the total rainfall
was similar (666.60 mm), but the spring depletion
was less than in 1987. In 1988, the minimum discharge
(end of summer) was much high than in 1987 (figure
6.2). The reason is the difference in the rainfall distri-
bution during the winter. In 1987, the rainiest month
was at the beginning of the winter (November 1986),
while in 1988, the rainiest month was on February
1988.  

Table 6.1: Depletion coefficient and calculated recharge
area in several years

Year Depletion 
coefficient (t0)

in days

Maximum 
discharge 

(cum*1000)

Calculated 
recharge 

area (km2)

1959-1960 180 2951 20

1962 138.7 1993 13

1974-1979 305.1 5480 36

1983 623 10895 44

1984 171.6 2685 18

1985 117.2 1834 12

1987 47.7 642 6.4

1990 65.9 1098 11

1991 21.1 187 1.9

1993 543.3 12293 49

1996 130.6 2727 18

1999 45.8 246 2.5

Figure 6.2: The Discharge Behavior of the Uja Spring.
Source: Israel Hydrology survey (IHS), Military
administration-water department
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For the calculation of the minimal recharge area, the
actual replenishment rainfall value that was taken for
rainy years was 250 mm, for average years value of 150
mm and for drought year value of 100 mm. The re-
sults shows that the calculated recharge area that fed
the spring varies from 50 km2 in rainy years to 15–20
km2 in average years and less than 10 km2 in drought
years (table 6.1) In drought years, like 1999, the size of
the recharge area is small, the depletion coefficient is
low, therefore the spring is dried up during summer.
While in very rainy years, the depletion coefficient is
high, the recharge area of the spring is large and the
storage is quite big to maintain summer flow.

There is long-term reduction in the summer dis-
charge as seen in the periods like 1974–1976, 1983–
1986, 1992–1999 (figure 6.3). This behavior can be ex-
plained by the fluctuations in the precipitation
(monthly and annually) that are very common to arid
zones and its influence on the size of the recharge
area. In rainy years, the size of the recharge area is big
and the spring discharge is high. It can decrease in av-
erage and drought years that might follow the rainy
year. 

The results show that we are dealing with a very
karstic system (spring) that reacts immediately to
changes in the monthly and yearly precipitations at his
recharge area. The results show that the spring behav-
ior has been constant during the last 60 years on
record- many years before the Uja wells started to
pump water from the lower aquifer.

6.3 The Uja Wells

In the vicinity of the spring, there are four wells (Uja
wells), which have been drilled into the lower aquifer
(figure 6.1). The first well (Uja 1) was drilled in 1964
by the Jordanian authority to a depth of 288 m’ and
later was deepened by the Israeli authorities to a
depth of 536 m’. This well was open in the upper part
of the lower aquifer. In 1974, a new well (Uja 2) was
drilled to a depth of 615 meter in order to replace the
old well. Later, at the beginning of the 1980s, another
two wells were drilled a few kilometers south of the
spring. Uja 3 was drilled to a depth of 738 meter and
Uja 4 to a depth of 650.50 meter. The three wells (Uja
2,3,4) are now open and pump from the lower aquifer
of the Judea Group. 

The water level in the wells varies between 200
meter below sea level (bsl) to 280 meters bsl (figure
6.4), which is higher than those in the Fazael and Gitit
wells to their north, and those in the Jericho wells to
their south. Consequently, a local hydrological barrier
(water divide) exists in the area. The local water di-
vide creates conditions so that groundwater flow in
the area to the north of the Uja wells is toward the
Jordan Valley while groundwater flow in the area
south of the Uja wells is towards the Dead Sea
springs.

The spring outlet is around 20 meters bsl. There is
a difference of more than 200 meters between the
spring outlet and the water level of the lower aquifer.
Such a large difference means a hydraulic separation
between the aquifer that feeds the spring and the aq-
uifer form, which the wells are pumping. 

Figure 6.3: Monthly discharge in the spring and the rainfall in Jerusalem station. Source: IHS, Mekorot
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The hydraulic separation between the spring and the
wells combines with the fact that the spring behavior
has remained the same along the last 60 years on
record: It has not changed as a result of the pumping
from the Uja wells or any other wells located up-
stream (Kochav Hashachar, Rimonim and En Samiya
wells).

6.4 Conclusion 

It has been assumed that the spring drying of the Uja
spring in drought years is a result of the pumping in
the nearby Uja wells. This conjecture follows the as-
sumption that the spring and the wells are hydrologi-
cally connected and are supplied by a common reser-
voir.

A detailed investigation of the spring discharge,
the hydrological setting of the spring and of the wells
and the wells water level measurements shows that
the spring and the wells are hydrologically separated
and pumping from the wells does not influence the
spring discharge. The main points of the study that
led to this conclusion are as follows.

• The outlet of the spring is from the base part of
the upper Judea Group aquifer, while the wells are
pumping from the lower Judea Group aquifer.

• The spring reacts quickly to rainfall and to climate
changes (drought and rainy years). Thus, the max-
imum discharge occurs about a month after the
rainiest month of each year (figure 6.3). Similarly,

the depletion starts immediately after the end of
the rainy season (except in very rainy years like
1992 and 1993).

• The spring depletion shows a quick drop in dis-
charge, implying that there is no large reservoir
that may store water from previous years.

• The behavior of the spring has been the same for
the last 60 years on record, long before the wells
were pumped. It follows that variations of the
spring discharge are related to natural changes
only. 

• The existence of a hydrological separation
between the two systems, spring and wells, is also
supported by the difference in the water level of
about 200 meters between the two.

The conclusion is that a local, very karstic aquifer
feeds the spring; the discharge depends on climatic
variations (drought or rainy years). In contrast the Uja
wells draw water from a deep, separate, aquifer. A
similar hydrological situation exists in the En Samiya
area, where the Palestinian Authority utilizes water
from the En Samiya spring (upper aquifer) and from
wells (lower aquifer). 

From the management strategy of the water sup-
ply in the West Bank, the results of the study show
that the policy of drilling deep wells and of pumping
from the lower aquifer near the spring outlets was
right. No influences between the two sub aquifers
have been observed. 

Figure 6.4: Water level in Uja wells. Source: Mekorot, IHS
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Abstract1

The Lower Jordan Valley is usually regarded as a region with severe water scarcity, but this
is not the case. The per capita availability of water is much above the average of the Middle
East, but it is regionally unevenly distributed. About 94 per cent of all usable water is used
for agriculture; about 2/3 of that has drinking water quality. On the other hand, 44,000
people in the southeast of the valley do not have sufficient local drinking quality water sup-
ply to meet the basic domestic demand. Scenario calculations show that a more sustaina-
ble water management in the region is possible if water allocation priorities are redefined.
The first priority must be given to human and social needs for drinking water, to domes-
tic/urban needs, and to water-efficient income generation activities. Agriculture should be
limited to water that is not needed in other sectors. Through such a new management
regime, the region could grow to a population of 1 million while in the long run maintain-
ing current levels of agriculture. Water allocation for nature and ecosystems remains a con-
troversial issue. The restoration of a ‘more sustainable’ water regime of the Jordan River
requires cooperation from the four upstream water users (Israel, Jordan, Lebanon, and
Syria). The issue that needs to be resolved is if nature and ecosystems are regarded legiti-
mate water users with an inherent natural right, and whether the countries that divert the
water from the upper Jordan River system are willing to reallocate water currently used to
meet their domestic/urban and agriculture needs or are willing to pay for water from alter-
native sources. 

KEYWORDS: water balance; supply; usage; allocation; scenario; usage priority

1 The results presented in this paper come from a joint Austrian, Israeli, Jordanian, and Palestinian cooperative project
“Developing Sustainable Water Management in the Jordan Valley” that had been partly funded by the INCO-DC Pro-
gramme of the European Commission through contract ERB.IC18.CT97.0161.
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7.1 Introduction

The study area was the valley floor of the Lower Jor-
dan Valley; it stretches from the mouth of the Yar-
mouk River (south of Lake Tiberias) to the northern
shore of the Dead Sea. It includes areas of Jordan
(JO), Israel (IL), and of the Israeli occupied territory
of the West Bank (Palestine, PS) – the final status of
which will eventually be determinedby international
law and procedures. The area has a size of about
1,300 km² with a population of about 250,000. The
study area was divided into six water regions on both
sides of the river: the Bet Shean (IL) and Shayk
Husayn (JO) regions in the north, the Tubas (PS) and
Mashare (JO) regions in the center, and the Jericho
(PS) and Karama (JO) regions in the south of the val-
ley (figure 7.1). 

7.2 Water Supply and Use

7.2.1 Water Balances

Water supply and usage balances for the base year
2000 were established for all six regions, taking into
account local supply (from wells, springs, surface wa-
ter, and wastewater re-use) as well as water transfers
between regions, and water imports and exports. Wa-
ter supply data are based on official data, and on esti-
mates. Water usage was calculated using data for wa-

ter consumption sectors such as population data,
acreage of different crops, respective average water re-
quirements, and technological efficiencies. The uncer-
tainty associated with the water balances are esti-
mated to be around 10–20 per cent. Methodology
details are documented in Orthofer et al. (2001b). All
water balances take into consideration five different
water quality classes (table 7.1); this is essential to as-
sess the optimal usage for a given water quality mix.
Table 7.2 contains aggregate results of the regional
water balances. 

7.3 Water Supply in the Study Area

7.3.1 Overall Water Availability 

Total usable water supply is estimated to be about 442
million cubic meters per year (MCM/yr), of which
299 MCM/yr (or 68 per cent) have drinking water
quality. 42 MCM/yr of the water supply consists of re-
used wastewater. About half of the water supply is ‘im-
ported’, i.e. brought into the study area from the out-
side. Water supply from local sources (i.e. from local
wells, springs, and surface waters, but without ‘im-
ported’ water) is 225 MCM/yr, of which 173 MCM/yr
(or 77 per cent) have drinking water quality. This
translates to a water availability of 1,800 m3 per capita
and year (m3/cap.yr), and a drinking water availability
of 1,200 m3/cap.yr. If only local supply is considered
the water availability is around 1,000 m3/cap.yr and
drinking water availability is about 700 m3/cap.yr.
Contrary to what many people believe the Lower Jor-
dan Valley is not a water-scarce area, particularly if
compared to the much lower water availability in the re-
spective countries: 340 m3/cap.yr in Israel, 93 in Pales-
tine (NRC 1999), and 190 in Jordan (Shatanawi 2001).

Figure 7.1: Lower Jordan Valley Study Area with the Six
Water Regions

Table 7.1: Water Quality Categories Used for Regional
Water Balances

Quality Code Quality Description

Q1 Drinking water

Q2 Non-drinking freshwater for unlimited use 
in agriculture

Q3 Non-drinking freshwater for limited use in 
agriculture (contaminated and saline 
freshwater)

WW2 Wastewater for unlimited use in agricul-
ture (pre-treated domestic wastewater)

WW3 Wastewater for limited use in agriculture
(contaminated & saline wastewater)
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Table 7.2: Summary of Water Supply and Usage Balances for the Six Water Regions in the Study Area 

North Middle South Total 

Bet 
Shean

Shayk 
Husayn

Tubas Mashare Jericho Karama

Base Data

Population  (cap) 25,000 51,000 4,000 77,000 46,000 44,000 247,000

Area  (km2) 200 130 70 190 450 290 1330

Mean rainfall  (mm/yr) 300 270 230 160 160 110 190

Natural renewal 1)  (MCM/yr) 12 7 3 6 15 7 49

Water Supply 

Total water supply

Total supply  (MCM/yr) 141 73 16 72 68 71 442

From local sources 2)  (MCM/yr) 116 10 16 14 68 31 225

Wastewater (WW2/WW3) (MCM/yr) 0 5 16 0 20 42

Drinking water supply (Q1)

Total supply  (MCM/yr) 90 68 16 56 68 0 299

From local sources 2)  (MCM/yr) 65 10 16 14 68 0 173

Per-capita water availability

Total water  (m³/cap.yr) 5,600 1,400 4,100 900 1,500 1,600 1,800

Drinking water (Q1)  (m³/cap.yr) 3,600 1,300 4,100 700 1,500 0 1,200

Water Use 

Domestic use

Drinking water (Q1)  (MCM/yr) 3 5 < 7 2 0 17

Other freshwater (Q2/Q3)  (MCM/yr) 0 0 0 0 0 4 4

Agricultural use (by water quality)

Drinking water (Q1)  (MCM/yr) 85 62 16 48 64 0 271

Other freshwater  (Q2/Q3) (MCM/yr) 49 0 1 0 0 45 99

 Wastewater (WW2/WW3)  (MCM/yr) 0 5 0 15 0 20 40

Agricultural use (by usage sector)

Irrigated field crops  (MCM/yr) 75 61 17 56 63 56 326

Greenhouses  (MCM/yr) < 6 1 6 1 8 22

Fisheries  (MCM/yr) 58 0 0 0 0 0 58

Livestock  (MCM/yr) 1 < < 1 < 1 3

Agricultural use (total)  (MCM/yr) 141 67 17 63 64 65 410

Industrial/tourism use  (MCM/yr) 2 < 0 < < < 3

Note: MCM/yr = million cubic meters per year. All numbers are rounded to reflect inherent uncertainties; these may
lead to small arithmetic inconsistencies
1) Estimated as 30 per cent of winter rainfall 
2) Supply from local springs, wells, surface water
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7.3.2 Regional and Social Disparities  

While the overall valley is a water-rich area, resources
are distributed unevenly. The amount and quality of wa-
ter is much higher in the west than in the east, and
higher in the north than in the south. The overall water
availability (i.e. including ‘imported’ water) is 5,600 and
4,100 m³/cap./yr in the Bet Shean and Tubas regions
but only 900 m³/cap./yr in the Mashare region. 

In the eastern part of the River Jordan there is a
major water exchange system: drinking water is ‘im-
ported’ from the Yarmouk basin, transported south-
wards along the King Abdullah Canal and ‘exported’
into the Amman urban area. However, only about
1/3 of the ‘imported’ drinking water ultimately
reaches the urban area because much of it is already
used in those regions through which the water is
transported. Furthermore about 85 MCM/yr of waste-
water from greater Amman are imported into the val-
ley and used for agriculture. This system of ‘export-
ing’ drinking water to urban areas and re-importing it
to the valley for agricultural use is an effective water
exchange system for making the best use of the re-
spective water qualities, namely to use drinking water
quality to satisfy the urban demand, and to use urban
treated wastewater for agricultural irrigation. 

The study team has primarily focused on the phys-
ical dimension of water accessibility. However, it is
clear that in all regions there are inequalities between
those who have access to quality water and those who
have not. Insofar the ‘average’ numbers for the water
supply in a region as presented in this study conceal
the social differences. The discussion of the social di-
mension is outside the scope of this chapter. There is
one particular feature of the Jordan Valley water sup-
ply that must be mentioned, namely the unequal wa-
ter supply within the two Palestinian regions (Tubas
and Jericho). In both regions, there are Israeli settle-
ments that have their own and ‘exclusive’ water supply
structures for a relatively small number of people. For
instance, in the Jericho region, there is a drinking wa-
ter supply of 43 MCM/yr for the 44,100 Palestinian
residents and of an estimated 35 MCM/yr for 1,600
Israeli settlers. This unequal allocation translates to a
drinking quality water availability of about 22,000 m3/
cap.yr for the Israeli settlers and 1,000 m3/cap./yr for
the Palestinans, most of which is used for agriculture. 

7.3.3 Water Usage in the Study Area

About 94 per cent of all water (410 MCM/yr) is used
for agricultural production (plant irrigation, crop pro-

duction, fisheries, animal husbandry). Of this, 349
MCM/yr are used for plant irrigation (field crops and
greenhouses), 58 MCM/yr for fish farming, and
3 MCM/yr for animal husbandry. Of the 299 MCM/
yr of drinking water quality supply, only 22 MCM/yr
are used for the sectors which require drinking water
quality (namely domestic, public, industry, tourism
purposes). 275 MCM/yr (or about 92 per cent) of the
available drinking water are used for agriculture. 

The patterns of regional water use follow the pat-
terns of regional water supply. In almost all regions,
much of the available water (after imports and ex-
ports) is used for local agricultural purposes, regard-
less of the available water quality. In the western part,
most available water is drinking water quality but it is
mostly used for agricultural purposes. In the Bet
Shean region, a substantial amount of lower quality
water – from local brackish springs and from the River
Jordan – is also used for fish farming. In the eastern
part, the amount of drinking water used for agricul-
ture depends on the availability: the more water is
available, the more it is used. Water use is particularly
high along the water transport facilities which convey
water from the Yarmouk basin to Amman (in the
Shayk Husayn and the Mashare regions). In the south-
ern Karama region, where no proper drinking water is
available, ‘Q2’ grade water has to be used for the do-
mestic sector. 

7.4 Options for a ‘More Sustainable’ 
Water Management

7.4.1 Sustainability Considerations

‘Sustainability’ is not a physical criterion that can be
calculated or defined. Its original lexical meaning was
the status of using a resource in a way that the re-
source is not depleted or permanently damaged.
However, during the past years it had been acknowl-
edged that sustainability not only refers to natural re-
sources but also to the human dimension, i.e. not to
damage societies. This means that there is no sustain-
ability as long as the people cannot satisfy their pri-
mary needs. 

This chapter focuses mainly on the physical di-
mension of sustainability, but remains fully aware of
the high priority of societal and human needs for
drinking water. It outlines a water management sys-
tem that considers the physical sustainability goals
without discussing in detail the human sustainability
goals. 
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7.4.2 Estimating the Amount of Renewable 
Water Supply

The natural renewal of water through rainfall in the
Lower Jordan Valley study area can only be estimated
through theoretical considerations. Recommenda-
tions in literature range between 17 per cent (NRC
1999) and 20 per cent (Rabi 2000) of annual rainfall.
Our team has estimated a renewal rate of about 30
per cent of winter rainfall over the area and calculated

this using a GIS precipitation model (cf. Orthofer et
al. 2001a, Annex E) to be around 49 MCM/yr. This
number for ‘locally renewable’ water is only 10 per
cent of the water that is currently used, yet, it is more
than double the amount that is currently used for do-
mestic, public, industrial and tourism purposes. 

But the study area also has access to water from
aquifers that are renewed through rainfall in the high-
lands around the valley. How much of the renewable
supply from these aquifers ‘belongs’ to the valley?

Figure 7.2: Water Supply System Overview in the 6 Regions of the Study Area (Year 2000)

Note: Rectangles indicate water availability, arrows indicate water supply sources. Shading indicates water quality cate-
gory. Arrows that start/end outside the region indicate ‘imports’ or ‘exports’. All numbers refer to MCM/yr
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Traditionally, there was limited withdrawal over the
highlands, and much water from the mountain aqui-
fers had been discharged through natural springs in
the valley proper. The situation has changed during
the past 30 years: many additional wells were estab-
lished in the highlands that pump water from the
aquifers; this affects the natural discharge through
springs that pump water from the aquifers. There is
limited knowledge about the sustainable yield of the
aquifers, but present data indicate that natural re-
charge could be about 350 MCM/yr for the IL/PS
eastern mountain aquifers, and about 900 MCM/yr
for the Jordanian mountain aquifer (Kupfersberger
2001). It is not possible to define a sustainable with-
drawal from aquifers. Any withdrawal from an aquifer
– in addition to natural springs – changes its dynamic
equilibrium and reduces the natural outflows to other
aquifers and to terrestrial and aquatic ecosystems. It is
largely a societal (political) decision on how much
compromise with nature is accepted. As a surrogate
measure for renewable water supply in the study area
we propose to use the current ‘natural’ springflow re-
newed in the outside (104 MCM/yr) plus the ‘locally
renewable’ input from winter rainfall (49 MCM/yr).
Thus our assumption for renewable water supply in
the Lower Jordan Valley would be about 153 MCM/yr.
This target is about 1/3 of the current total water use.
In the long term, this level could be used as a sustain-
ability target for water usage from local sources (wells
and springs).  

7.4.2.1 Water for Nature

Some 50 years ago the Lower Jordan River carried
about 1,300 MCM/yr of quality freshwater to the
Dead Sea. The river had sustained natural fauna and
flora, and it had maintained equilibrium with adjacent
aquifers. At present, the river carries only saline, pol-
luted water and wastewater, about 35 MCM/yr at its
inflow into the study area, and about 100–200
MCM/yr at its outflow to the Dead Sea (Al-Weshah
2000; Shavit et al. 2001). 

‘Physical’ sustainability considerations might imply
the re-establishment of the natural flow of the River
Jordan, which would then restore the river ecosys-
tems, and ensure its cultural value and appearance for
future generations. However, the authors found no
consensus about this. It is largely a societal question:
is there a legitimate ‘value’ in having the River Jordan
flow in a state similar to that at the time of the proph-
ets of the three regional major religions? What is the
value of this? Who benefits from it? Who would be
willing to pay the price for it? A restoration of the

original flow and quality of the Jordan River would re-
quire a complete change of current water supply in
Jordan and Israel, and it might reduce the availability
of water for agriculture in southern Syria. This is cer-
tainly not socially, economically and politically feasi-
ble in the short or medium term. However, a partial
restoration to a minimum flow that satisfies some sus-
tainability criteria should be kept as a long-term goal
for a sustainable water management. There are no
hard scientific data that would allow setting a mini-
mum flow level of the River Jordan, but some of the
authors felt that it is prudent to assume a minimum
flow of around 500–600 MCM/yr (or about half the
original flow). Such a partial restoration of the ecosys-
tem in the Lower Jordan River is not an issue that can
be resolved in the Lower Jordan Valley itself. Any so-
lution would require cooperation from the upstream
water users (Israel, Jordan, Syria, and Lebanon) that
now divert all Jordan River headwaters for other uses
in their areas.

7.4.2.2 Making ‘Best Possible Use’ of Water 
Qualities 

Simple as it may sound: water is not water. Different
water qualities may serve for different usage purposes.
The best quality, of course, may be used for any pur-
pose. In many water-rich countries drinking water is
used for cooking as well as for car-wash or plant irri-
gation. In areas with limited water resources water
quality is an issue that must play a role for usage man-
agement: Population requires a drinking water for
food and sanitation. Fish farming may be sustained
with brackish water. Agricultural irrigation may even
use re-used urban wastewater. 

In the Jordan Valley study area, water is used for
all purposes with only little regard to water quality. In
the overall study area, 275 MCM/yr drinking water
are currently used in agriculture while Karama that
would need 4 MCM/yr drinking water for the popu-
lation does not get any water of this quality, and sub-
standard water has to be used for domestic consump-
tion. We propose a cascading use of water qualities:
the better quality water should be used only to satisfy
the needs of those who need the better quality water
(figure 7.3). 

Drinking water should be used only for those us-
ages that actually require drinking water: domestic
use, public services, food industry, and (perhaps) na-
ture. Drinking water is also required for water-effi-
cient high-income generating activities, such as food
industry, services, tourism. Only after all these users
have been satisfied, any remaining drinking water
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would be usable for other usage sectors. The second
priority is water needed for water-extensive income
generating activities such as irrigated agriculture. This
priority also includes usage sectors that increase the
quality of life, such as public parks or recreation areas.
Irrigated agriculture which has a very low water-effi-
ciency can only be sustained after all other higher pri-
ority demand has been met. 

7.4.2.3 Wastewater Re-use for Agriculture 

In all three countries that share the Lower Jordan Val-
ley the public perception is that agriculture is the basis
of human existence and is a high priority water usage
sector. In reality, agriculture is a very inefficient way
of using water for economic development. Agriculture
is also an ultimate sink of water, while the urban and
industrial sectors generate considerable amounts of
wastewater that can be further used. For example, if
200 MCM/yr drinking water are used for agriculture,
it would sustain zero people but 20,000 ha; if the
same amount were used only for domestic purposes,
it could sustain more than 1.5 million people while
still retaining 10,000 ha of irrigated agriculture
through re-used domestic wastewater (table 7.3). 

The situation in the Jordan Valley shows that – as
long as there is a shortage of drinking water for essen-
tial human needs – there is no justification to continue
using drinking water for irrigated agriculture. Agricul-
ture has an important role for the development of a

country’s societal coherence and for the development
of a national economy. However, the extent of irri-
gated agriculture in regions of water shortage should
be determined by the remaining available water after
satisfying the higher priorities, namely the essential
domestic needs, the needs of nature, and the needs
for a water-efficient economic development. Given
the fact that in the Middle East agriculture had always
been regarded as the basis of living and had been
given a high priority of water usage, the above new
allocation priorities will require a “new water para-
digm” (Charrier/Curtin 2000). 

7.5 ‘More Sustainable than Today’ 
Water Usage

7.5.1 ‘More Sustainable’ Development 
Scenario  

While there is agreement among the authors on the
principle that nature and ecology do have legitimate
rights to water allocations there was no consensus as
to the level of restoration of the flow to the Jordan
River. Most authors support as a realistic sustainabil-
ity target for the year 2020 that (a) no more than 200
MCM/yr of water should be locally withdrawn from
springs, wells and surface water, and (b) the River Jor-
dan should be restored to a minimum flow of 400–

Figure 7.3: Cascading Usage Priorities for Different Water Qualities
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600 MCM/yr. Our calculations show that the first tar-
get is realistic to achieve. This requires re-directing the
usage priorities from agriculture towards more quality
of life and a higher economic benefit. At the same
time, environment must also be regarded a user of its
own right. The underlying assumption for our develop-
ment scenario is a just and lasting peace among all
riparian countries. Sustainable water use is only possi-
ble with a cooperative political and social system. In
our ‘more sustainable’ development scenario the
Lower Jordan Valley is projected to be a major popula-
tion center rather than a major agricultural center. Eco-
nomic growth would be based on services (tourism,
commerce, schools and universities, public services,
pleasant living environment with high living standards).
Any drinking water that is not used in the area would
be ‘exported’ to the populated urban areas outside the
study area. Agriculture would gradually be limited to
match the remaining water; by 2020 agriculture would
not use any more drinking water. Water extraction
from wells in the study area would be partly reduced in
order to minimize the impacts of overpumping. 

The scenario projects that the population will
grow from 250,000 in the year 2000 to 1,100,000 in
2020. This reflects the possible development if the
valley is to become a suitable area for many Palestin-
ian refugees. Irrigated open agricultural areas would
decrease by 30 per cent (or 10,000 ha). At the same
time, greenhouse areas would increase by 6,000 ha
and thus make up part of the reduction of open irri-
gated areas. Tourism would grow by about 9 per cent
per year. Figure 7.4 shows that with all our assump-
tions, a more sustainable development is possible. 

Total water supply would grow by about 25 per
cent; mainly because of wastewater ‘imported’ from

the urban regions outside the valley proper, and partly
because of local wastewater re-use. The study area
that is a net importer of drinking water (Q1) in 2000
would gradually become a net exporter. The extrac-
tion of water from wells, springs, and surface water in
the study area would decrease by about 20 per cent
between 2000 and 2020. Extraction of groundwater
from wells, springs and surface water would be re-
duced by phasing out pumping from brackish wells
and by reducing pumpage from drinking water wells.
This means that less water would be extracted from
the aquifers. 

The water balance predicts that by 2020 there
would even be a significant surplus of low-grade water
that could be used for recharging the depleted shal-
low groundwater, or (after appropriate treatment)
could contribute to a restoration of the flow of the
River Jordan.

7.6 Conclusions

In the past, the major element of most ‘solutions for
the water scarcity’ in the Lower Jordan Valley was to
increase the supply. Recently, some solutions have
also come up with options for reducing demand
through a more efficient water technology or through
water conservation options. However, these solutions
fail to change the overall system of how, and for what
societal values, the available water is used. Our analy-
ses and simulations have shown that the Lower Jordan
Valley is an area with a high water supply, yet with
very variable regional and social availability. Our data
confirm the observation that indeed there is no scar-
city of the water, but there might be a ‘secondary scar-
city’ (Trottier 1999), namely the capacity to properly

Table 7.3: Relation of Population Number and Possible Irrigated Agriculture from a Given Available Amount of Drinking
Water (200 MCM/yr) 

Population

(cap)

Domestic & public use

(MCM/yr)

Additional wastewater 
re-use for agriculture 

(MCM/yr)

Total available water 
for agriculture

(MCM/yr)

Potential areas 
for irrigation

(hectares)

0 0 0 200 20,000

100,000 12 +6 195 19,500

200,000 24 +12 190 19,000

500,000 60 +30 170 17,000

1,000,000 120 +60 140 14,000

1,500,000 180 +90 110 11,000

Note: Simplified model with assumptions: average domestic and public use: 120 m³/cap.yr; typical irrigation require-
ment in the study area: 10,000 m³/ha.yr; possible wastewater re-use from domestic/public sector: 50 per cent. All num-
bers are rounded 
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manage and distribute the available water. Present wa-
ter management is far from being sustainable. Aqui-
fers are overexploited and water sources are becoming
polluted. Most disturbing but hardly noticed, ecosys-
tems have been deprived of their water needs. The
River Jordan that has been sustaining nature along its
flow through the Lower Jordan Valley has been re-
duced to a wastewater channel. 

Why is this situation so unsustainable although
there is sufficient water available? Our results suggest
that there are two major physical causes for this situa-
tion: first, the almost total abstraction of the flow of
the Lower Jordan River by the upstream riparians;
and second, the overdevelopment of agriculture in the
Lower Jordan Valley (note that the first cause has to
do with the second insofar as much of the water from
the Upper Jordan River and from the Yarmouk are
used for agricultural purposes). 

The problem of water sharing between the Upper
and the Lower Jordan Valley is a political issue that
cannot be dealt with on a rational scientific level. Yet,
it is clear that one of the sustainability goals of the
Lower Jordan Valley, namely the partial restoration of
the Jordan River ecosystem and its natural characteris-
tics, is an issue that cannot be solved in the Lower Jor-
dan Valley but depends totally on the cooperation of
the upstream users. 

The second cause for non-sustainability – the high
use of quality drinking water by agriculture – can be

solved to a large extent in the Lower Jordan Valley.
Historically, agriculture had always used only a small
fraction of the total available water, and thus it had
been part of an overall sustainable water manage-
ment. During the past 50 years, agriculture has be-
come more and more developed, with elaborate large
scale farming and irrigation systems, with dairy farms
and even fish ponds. At present, about 94 per cent of
all available water (and 92 per cent of all drinking wa-
ter!) are used for agricultural purposes. A similar situ-
ation is reported for many countries in arid areas
(Gleick 1998). It might be worthwhile to discuss on a
general level the justification of agricultural develop-
ment in arid areas with respect to global sustainable
development, but it is outside the scope of the this pa-
per to go into detail on that. 

The issue of who controls water allocation in the
Lower Jordan Valley is highly charged politically. The
riparian governments and scientists have different per-
ceptions of who has ‘rights’ to water and to what
amount. It might be a starting point for consensus
building to apply international norms for re-allocation
of the regional water resources. All solutions for a
more sustainable water management must start from
an equitable water allocation for the population. 

We have shown that it could be possible to achieve
a ‘more sustainable’ water management system within
the next 20 years. Such a management system would
be guided by setting priorities on the water use, and

Figure 7.4: Development of Water Supply in a ‘More Sustainable’ Scenario with Indicators for Agricultural and Urban
Demand (Irrigated Areas and Population) 

Note: Negative numbers for drinking water (Q1) refer to exports
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by utilizing the available water qualities according to
their best use. With the expected population growth
in the overall region, drinking water needs to be a pri-
ority to satisfy the domestic and urban demand. Re-
maining drinking water would then be used to make
the best economic and societal use that would gener-
ate income and promote the quality of life. Agricul-
ture, on the other hand, would be scaled to match the
remaining water, mainly re-used urban wastewater. 

Such a new role for agriculture is not easy to
achieve. The historic public perception of politicians
and the population is that agriculture is the basis of
the human existence. The economic indicators show
that this is not true anymore: in all three countries, ag-
riculture is the sector with the highest water consump-
tion but with a very low contribution to the overall na-
tional economy, and a relatively low contribution to-
wards employment. Agriculture is a very inefficient
way of using water for economic development. Water
can be used far more efficiently, in terms of both in-
come generation and employment opportunities: in
business, services, tourism or manufacturing. Such a
new water usage system is easy to outline in theory,
but difficult to achieve in practice. This new system
would require a number of practical changes and ef-
forts, including (a) the establishment of a legal basis
and an institutional framework for water manage-
ment, (b) the introduction of a basin-wide institu-
tional cooperation of the three countries, and (c) the
introduction of water prices that reflect cost and value
of water. In any case it is necessary that all decision
makers in the area plan ahead towards the develop-
ment of a water-efficient economy and society. It is
clear that the different levels of economic develop-
ment in the three countries require careful considera-
tion for planning. While some countries might be able
to advance in the near future on this path towards sus-
tainability, others might need more time to adjust
their economies. 

It might be worthwhile to apply the concepts of
‘virtual water’ (Allan 1997) – which means importing
most high water-consuming food staples from abroad
rather growing them locally – for a more sustainable
regional development. The virtual water content of ir-
rigated crops is very high: bananas contain about 2.4
m³/kg and citrus 0.4 m³/kg (average data from Israel,
Pohoryles 2000). With sufficient, yet limited water re-
sources, the Jordan Valley might be better off produc-
ing engineers and teachers rather than bananas, and
generating wealth from tourists rather than from or-
anges. 
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Abstract

There needs to be a policy shift to water thrifty and salt-tolerant crops in regions of water
scarcity, such as that of the countries of the Jordan River Basin (Syria, Lebanon, Jordan,
Palestine and Israel) that must be implemented if conflicts over the use of meager water
resources in that region is to be overcome. Investigations of the water consumption versus
the possible economic returns for many tree crops, field crops, vegetable crops and medic-
inal plants is evaluated in order to support a water saving for peace policy. To succeed in
the implementation of such a policy, the following criteria need to be addressed: These
include planning, funding, education, marketing, technical know-how and the will to exe-
cute that water conservation policy. When evaluating the crops which are among those
most feasible economically, most suitable for the local environment as well as for water
conservation, such crops are not being produced enough in the Jordan River Basin coun-
tries neither for export nor for local consumption. Since the water used in agriculture rep-
resents 70–80 per cent of the overall water use, a shift to water thrifty cropping patterns
can minimize conflict over the limited water resources.

Keywords: Almonds, Assaf hybrid sheep, cropping patterns, jojoba, Jordan River Basin,
thyme, salt tolerant and water-thrifty crops, water disputes

8.1 Introduction

This chapter deals with the current issue at hand in
the Jordan River Basin countries which is the need for
the planting and cultivation of crops that meet the cri-
teria of producing economically with minimal water
use, or with brackish and purified wastewater without
undermining the health standards and the quality of
the products produced. The countries of the Jordan
River Basin to which this investigation and analysis is
directed are Jordan, Lebanon, Palestine, Syria, and
Israel. 

This chapter is not a survey of the water require-
ments and productivity under various conditions for
all the existing and cultivatable trees, vegetables, me-

dicinal plants, field crops and forage crops which are
produced with minimal water requirements in these
Middle East countries under the above-mentioned cri-
teria. It simply covers some of these crops which pre-
sent a good example of the issue at hand. Focus will
be on some highly economic tree crops as they repre-
sent a more permanent strategy for the implementa-
tion of a longer period of water conservation which,
if adopted, will be set-up for at least 25 years and may
even be effective for several hundred years, as is the
case in the cultivation of the drought resistant olive
and jojoba trees, as well as almonds and other rain fed
productive trees.
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8.2 Introducing New Crops into the 
Jordan River Basin

Data of the National Research Center of the Palestin-
ian Authority in Ramallah on the total water needs of
some of the major cultivated crops in the Jordan River
basin are presented below in tables 8.1–8.4 (Assaf
1992, 1993, 1996, 1997, 2004). 

Table 8.1 privides an estimate of total plant water
needs from rainfall to irrigation This total water need
of major trees in the Jordan River Basin countries is
used for an economic production. The total water
needs for a given plant are defined as that water used
by the plants from precipitation and irrigation or sup-
plemental irrigation in order to fully produce.1 Al-
monds, an important rain fed and well-marketable
tree has very low water needs and the new desert-type

jojoba trees which can be dry-farmed have the lowest
water need among all trees.

The total water needs of certain field and forage
crops commonly planted in the Jordan River Basin are
given in table 8.2. In the West Bank most recently to-
bacco – a non-food rain-fed cash crop – has become
one of the favorite crops under rain fed conditions
due to its high prices and the increase in consumers
demand for the simple locally produced and much
cheaper, unpacked dry tobacco than the imported
manufactured products.

Some of the successfully grown salt-resistant crops
that are cultivated on a small scale in the Jordan River
Basin region are given in table 8.3. 

Tomatoes and melons (cantaloupes) were found
in experiments conducted by Pasternick (2002) in
Egypt and Israel not only to produce well with saline
water, but also the quality of the product was en-
hanced in that the tomatoes had more solids and be-
came tastier, while the cantaloupe melons become
sweeter using drip irrigation with high saline water.
Initially, during the emergence period a small amount
of water used was either fresh or of very low salinity.
Water conservation may also be realized by growing
vegetable crops under protective covers, such as in
plastic greenhouses, compared to the same vegetables
grown and irrigated in open fields. This fact may be
evident from the water requirements of several highly
consumed crops in table 8.4.

Table 8.1: Total Water Needs of Some Major Trees
Grown in the Jordan River Basin 

Tree type Total water needs 
cubic meters/

donum

Water Source

Bananas 2,000 Irrigation

Avocados 1,700 Irrigation

Mangos 1,600 Irrigation

Date Palm 1,500 Irrigation

Citrus 1,200 Irrigation

Guava 1,000 Irrigation

Figs 480 Rainfed

Olives 400 Rainfed

Apricots 400 Rainfed

Plums 380 Rainfed

Soft Shell 
Almonds

380 Rainfed

Hard Shell 
Almonds

350 Rainfed

Jojoba 300 Rainfed and/or sup-
plemental irrigation

Cactus –prickly 
pears

150 Rainfed

1 As published, the official definition by FAO (2000) for
‘crop water requirements’ is: The total water needed for
evapotranspiration, from planting to harvest for a given
crop in a specific climate regime, when adequate soil
water is maintained by rainfall and/or irrigation so that
it does not limit plant growth and crop yield.

Table 8.2: The Total Water Needs of Field Crops and
Forage Crops from Rainfall

Field Crops and
Forage Crops

Rainfall Requirement for 
Economic Production (in 

total millimeters annually)

Corn 600

Watermelons 550

Melons (cantaloupe) 450

Wheat, Sorghum, Alfalfa 400

Tobacco 400

Chickpeas (Garbanzos) 385

Barley 350

Thyme 350

Vetch 325

Lentils 325

Kirsannih Vetch 325

Cumin, Anise, Blackseed 225
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The great difference in the infrastructure cost for pro-
viding water to the crops produced in a greenhouse
with that in an open field is offset by the greater pro-
duction inside greenhouses. Following the successful
thyme cultivation experiments in 1983, Assaf (1989)
pointed to the field potential of propagation and cul-
tivation of thyme in Palestine from cuttings and to the
various medicinal benefits from consuming thyme
leaves. There is a potential for the production of 2 per
cent thyme oil from dry thyme leaves. About half a
century ago, Palestinians had a thyme distillation sys-
tem in Arrabeh-Jenin and used thyme collected from
the hilly wilderness of Palestine. In 1946, they pro-
duced two tons of thyme oil and exported it to Brit-
ain but at present none. However, since the author
transferred the technology of producing thyme seed-
lings from terminal thyme cuttings in the early 1980s,
thyme production has become a major field crop in
the West Bank and Gaza Strip. Thyme leaves are cur-
rently a local commodity and is available both in the

common markets and in 2001 some 41 tons were ex-
ported to Israel. None was available for export be-
fore. The same spread in thyme cultivation has oc-
curred in Jordan to which the author transferred this
simple thyme cultivation technology in 1984.

The numbers in tables 8.1, 8.2, 8.3 and 8.4 are pre-
sented only for comparative purposes. The actual total
volume of water needed each year for a given crop to
produce economically depends on many factors be-
sides water. These include: type of soil, the variety
type, the climate in the area, time of planting, time and
distribution of rain, type of irrigation method, type
and amount of fertilizers used, method of cultivation,
time of harvest, and evapotranspiration rates in the
area. When the above factors are estimated for certain
crop water needs, those that are medium were consid-
ered, i.e., are neither the extremely harsh/bad factors
nor the extremely favorable/good ones..

However, what is economic for the production of
a given crop in one year may not be economic an-
other year. For example, tobacco production was not
so economic in 2000, but in 2004 when farmers were
seeking a cash crop they found that planting and pro-
ducing tobacco under rain fed conditions has become
very profitable. This shift by farmers in the West Bank
to tobacco production is due to high taxes of the Pal-
estinian Authority on imports of tobacco marketed by
importers and/or produced by the Palestinian to-
bacco industry. Thus Palestinians have used their own
tobacco for making cigarettes even with small inex-
pensive equipment. The increase in the per cent of
smokers has resulted in an increase in cancer, espe-
cially lung cancer.

Production often follows the technology transfer.
An example of this is the technology used in the
spreading the Assaf2 hybrid sheep by the author in
Palestine in 1980. It was soon learned that this highly
productive sheep (in meat, milk and number of
lambs) requires a lot of feed to produce economically.
The rain fed vetch (called ‘beeqa’ in Arabic) was
introduced instead of feed concentrates to serve as a
major sheep feed. Again, the shift to produce vetch al-
though it involves labor in harvesting while green as

Table 8.3: Water Salinity Levels in the Water Used for
Irrigation of Certain Salt Tolerant Crops in the
Jordan River Basin

Salt Tolerant Crop Salinity in Total Dissolved 
Solids (ppm)

Cactus (Prickly pears) 2,500

Jojoba 2,000

Melons (cantaloupe) 1,500

Tomatoes 1,200

Alfalfa 1,100

Hard Seed Almonds 800

Olives 800

Citrus 500

Bananas 150

Table 8.4: Water Needs of Crops under Drip Irrigation in
Greenhouses versus Open Fields, in Cubic
Meters per donum

Type of
Vegetable

The Water Needs for
Vegetables Inside a 

Greenhouse

The Water Needs 
for Vegetables In 

Open Fields

Tomatoes 600 1,000

Cucumbers 850 1,200

Green 
Beans

750 900

Peppers 600 800

Thyme 300 350

2 The Assaf hybrid sheep breed introduced to Palestine by
the author in 1980 is a cross between East Friesian and
local Awassi sheep with backcrosses which resulted in a
hybrid sheep named Assaf which is 5/8ths Awassi and
3/8ths East Friesian. A similar successful hybrid sheep
was obtained by Assaf simply breeding Keos sheep of
Cyprus on the Assaf breed, resulting in a breed we
named Keesaf, which is even more productive than the
Assaf hybrid sheep.
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well as for bailings, the poverty which prevailed dur-
ing the Palestinian Intifadah (uprising against occupa-
tion) and the Israeli carnage and road closures in the
area caused the shift away from the expensive imports
of feed concentrates to the locally produced water-
thrifty vetch crop. The dramatic sheep proliferation of
the Assaf hybrid sheep from only a few hundred
sheep in 1981 to over 20,000 in 1993 needs to be re-
kindled and supported.

To highlight the impact of the need to shift to the
water-thrifty, highly economic tree crops in order to
decrease the need for irrigation waters in the Jordan
River Basin countries, the potential for almond culti-
vation in Palestine is discussed below. In investigating
the almond crop and its potential in Palestine, a re-
port on Immigration, Land Settlement and Develop-
ment in Palestine was presented by Sir John Simpson
in 1930. This report was presented to the Secretary of
State for the Colonies to the British Parliament and in-
dicated that in 1927 there were around 30,000 don-
ums of almonds in Palestine with a large crop export.
He also reported that almonds were found to give a
return per donum six times that of cereal crops and
concluded that almonds serve as a useful culture for
the development of poor soils in Palestine. 

Over seventy years later, in 2002, the Palestinian
Central Bureau of Statistics (2001–2002) reported
that there were 64,000 donums of land planted by
rain fed almonds in all of the Palestinian areas of the
West Bank and Gaza Strip of which only about 16 per
cent are of the high quality soft shell almonds which
require more pest control and more water. The re-
mainder is of the hard shell varieties, which survive
and produce in poorer soils and are less affected by
drought, insects, diseases, birds and vandalism. Unfor-
tunately they produce less total net meat almonds
than the soft shell types per donum. 

Almonds which are unlike the long-lived olive trees
that survive for several hundreds of years, do not con-
tinue to produce well or survive as healthy trees after
forty years or less. Most of the almond trees covering
75,000 donums in the West Bank and Gaza Strip
which were reported in a food security study (Assaf
and Assaf 1985) were at least 20 years old, and in 2004
these trees were over 40 years old and have become
even less productive. 

It may be concluded that after about 20 years
(1985–2002) that there is a trend for a decrease rather
than an increase in the almond orchards in Palestine.
This, despite the fact that almond nuts have good lo-
cal and international markets and are sold at over
$ 4,000 per ton wholesale, and double that retail, and

are desired both by Palestinian and other Arab con-
sumers. Hence, almonds can be one of the important
exportable commodities of Palestine, as well as other
Jordan River Basin countries. It is astounding why
there is not much more planting of this economic wa-
ter-thrifty tree suitable for this Middle Eastern envi-
ronment. A simple answer is insecurity in the whole
region. For Palestinians, Syrians and Lebanese, Israeli
occupation discourages any medium-term investment,
such as almond orchards and especially the soft shell
kind, which require intensive care. 

Almonds are not permanent trees living and pro-
ducing for many years as olives. Almonds need to be
renovated by heavy pruning or totally replaced in less
than 40 years. In Californian and Israeli almond
fields, all are of the soft shell type and are replaced in
less than 20 years. Investment in the production of al-
monds is given here as a good example of a solution
for the water deficient Middle East region and for uti-
lizing marginal lands with poor soils. They produce as
rain fed tree crops with minimal needs for water and
only when possible with some supplemental irriga-
tion. There is justification for large economic assist-
ance and substantial financial investment in almond
production in Palestine and the other Jordan River Ba-
sin countries since this region imports significantly
large quantities of the almonds used in foods or
roasted. 

A U.S. government trade report (World Horticul-
ture Trade 2001; Almond Board 2004) indicates that
Israel and the Palestinian Authority area imported
equally in 2003 about 3,000 tons of shelled almonds
at a wholesale price of about $ 4,000 per ton, show-
ing the market potential for almonds in the area. In
spite of the importance of almond production in the
Mediterranean region, the U.S. has become the larg-
est producer of almonds with 2.2 million donums pro-
ducing over 373,000 tons of shelled almonds in 2002,
and exporting 250,000 tons, consuming about
100,000 tons. The countries in the northern Mediter-
ranean such as Spain, Italy and Greece, which each
produce on an average 15 to 60,000 tons of almonds,
due to heavy local consumption, are also importers of
this commodity. Turkey which produces over 70 per
cent of the world’s hazel nuts, requiring large
amounts of water, (which they fortunately have) is not
a major producer of almonds. This further illustrates
that there is a good market for almonds locally and in-
ternationally.

Another important example of shifts in cropping
patterns to economic water-thrifty crops that are cur-
rently grown in the Jordan River Basin has been in
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1982 the introduction and cultivation by this author of
the desert type water-thrifty jojoba trees in the West
Bank. This was highly successful and currently these
trees are producing the high value jojoba oil crop3

(several times the price of olive oil) in two Jordan

River Basin countries, Palestine and Jordan, with
12,000 and 6,000 jojoba trees respectively. Israel has

Figure 8.1: Photos of the Jojoba Plant and Plantations in Palestine

Jojoba field near Deir Ghazzaleh - Jenin. Jojoba seeds (nuts) on a tree in Palestine, August 2004.

Jojoba tree in Palestine, near Arrabeh, Jenin District Jojoba grown as a bush - in Australia

Jojoba Field in Jordanian Desert near Airport Olive Tree in Palestine

3 Jojoba oil is used in cosmetics and lubrication and also,
as a liquid wax, it can be eaten as a diet oil.
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also around 500,000 jojoba trees. As indicated above
in table 8.1, the arid jojoba tree produces well with
only about 300 mm of water. This includes supple-
mental irrigation when rainfall is only 150 mm, as is
the case in the author’s private 70 donum jojoba dem-
onstration farm in the Jordanian desert east of the air-
port. In this case, another 150 mm is provided by drip
irrigation 10 times a year. Jojoba has also been dry-
farmed and productive in an area with an average of
300 mm rainfall on a 50 donum plot in Deir Ghaz-
zaleh near the most northern border with Israel. It is
also highly productive in the hilly areas of Arrabeh
with 400 mm rainfall. The height of most of the 18-
year-old jojoba trees in the West Bank exceeds 2.5 me-
ters. Interestingly, the jojoba is also producing fairly
well in a small hilly farm plot south of Jerusalem in an
arid area with an average rainfall of 280 mm using a
horse-pulled plow. 

All jojoba plants in Palestine are pruned yearly to
the shape of a tree, looking like olives, and thus are
different that those grown in Israel, Australia (see
photo), Argentina, Mexico and the USA. which are
left to grow as bushes. When not pruned, they con-
sume more water, making it difficult to pick and har-
vest clean organic quality jojoba seeds for pressing oil.
Jojoba seeds fall by themselves on the ground in Au-
gust and are either handpicked as in Palestine and Jor-
dan; or vacuumed up with surrounding contaminants
as in Israel, the U.S.A. and in other western countries.
Jojoba seeds (nuts) yield about 50 % oil upon press-
ing.

The introduction of the long-lived, evergreen jo-
joba trees by this author in 1982 from the USA to the
West Bank has been one of the most successful exam-
ples for introducing a permanent highly economic wa-
ter-thrifty rain fed tree crop to the Arab world. It is
also an example of the possibilities for success in
changing cropping patterns to water-thrifty and salt
tolerant crops. The jojoba can grow and produce
fairly well using 2500 ppm water with dissolved solids
and it has been found growing wild near the sea-
shores in the western parts of the USA.

Last, but most important, is the example of dry-
farmed olives, the well-proven long-lived trees with-
standing drought for years. In the small area of the
West Bank, there are nine million productive olive
trees. All are grown under rain fed conditions, among
them are trees, several hundred years old, planted by
the forefathers of Palestinians during the Roman era
and are even called Roman olives. All Jordan River Ba-
sin countries (except Israel where farmers irrigate

their olive orchards) have olives grown only under
rain fed conditions of 380–600 mm rainfall annually. 

All these countries, except Israel, are exporters of
olive oil to various western countries. They must meet
the specifications of the International Olive Oil Coun-
cil (IOOC 2001) in Madrid, whose reports indicate a
great demand worldwide for high quality olive oil.
This requires modern laboratories, well-trained and
competent chemists, and effective regulations for ol-
ive oil grading and specifications in order to be suc-
cessful in olive oil export. In 1996, this author pub-
lished a booklet as Head of the newly established
Palestinian National Agricultural Research Center de-
tailing specifications, grading and methods of obtain-
ing high quality exportable olive oil. (See also Assaf
(1994) on well-suited Nabali Baladi olive (Souri) vari-
ety for the arid Jordan River Basin region over a mi-
snamed Improved Nabali variety.) 

8.3 Summary and Conclusion 

In order to deal with the current and future shortages
of water in the Jordan River Basin, successful exam-
ples for the cultivation and economic production of
certain water-thrifty and salt-tolerant crops were pre-
sented. These examples serve as a model for a longer-
term water conservation strategy using crops such as
almonds to be rain fed or irrigated. They offer a good
example to follow in water conservation in the agri-
cultural sector which generally uses over 2/3 of the
water resources in the Jordan River Basin. Almond or-
chard cultivation, as an example, has been practiced
in the area for many decades. One report cited al-
mond orchards which have been in existence and pro-
ductive in Palestine over 90 years ago. Since recent
data indicate that there is a good market for almonds
in the Jordan River Basin region and worldwide, there
is no reason why large investment should not be en-
couraged in setting-up many well-planned almond or-
chards under the existing rain fed conditions of the
Jordan River Basin countries. 

Even though millions of olive trees exist in the Jor-
dan River Basin countries that export olive oil when-
ever possible, more olive proliferation and an expan-
sion of olive oil production as wells as pickled table
olives is recommended. This will be possible if speci-
fication, grading procedures are set up and followed
for export of the surplus olive oil produced in years of
heavy olive production. Olives planted with the metic-
ulous time-consuming terracing in hilly areas in the
Jordan River Basin hundreds of years ago are a living
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proof that traditional water conservation methods
and food security can go hand-in-hand for certain
water-thrifty crops.

For substantial water conservation, it has been rec-
ommended to plant more jojoba trees which are sim-
ilar to olives but are more drought resistant, which
successfully have been introduced to some Jordan
River Basin countries. With very low water require-
ments, jojoba trees produce high value industrial jo-
joba oil. The success with the jojoba tree encourages
entrepreneurs to have an open mind about adopting
other plants which could be grown in the region eco-
nomically with minimal water needs. This could also
minimize competition and conflict over scarce re-
gional water resources. 

For areas with limited cultivatable land, medicinal
plants with their very low water requirements such as
thyme have been grown successfully in the Jordan
River Basin countries for the last 20 years. Although
thyme leaves have been collected for many decades
from the mountainous wilderness, this crop has also
been successfully grown since the mid-1980s in Pales-
tine, and later on in Jordan, with minimal supplemen-
tal irrigation, to satisfy household needs, and for ex-
port. For the past 20 years, the small surplus in thyme
leaves and jojoba oil have been made possible in Pal-
estine by this author. Other economic medicinal
plants were also given as examples for minimal water
use in rain fed areas.

Furthermore, animal production, especially sheep,
has been a tradition for many years. The new Assaf hy-
brid sheep, although highly productive in meat and
milk, requires a lot of feed. This feed problem has
been circumvented and greatly minimized by planting
water-thrifty vetch as a rain fed crop 

There are many more examples of shifting crop-
ping patterns to water-thrifty economic crops. What is
needed is a strategy, planning and funding as well as
education and the will to execute such a policy of wa-
ter conservation and economic development. 
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Abstract

The Dead Sea basin plays a major role for regional economic development (industry, tou-
rism and agriculture) in the Middle East. This potential is threatened by the steady disap-
pearance of the Dead Sea. Since around 1930 the water level of the Dead Sea has fallen by
about 25 m, about half of this alone in the last 20 years. The Dead Sea is a transboundary
resource shared by Israel, the Palestinian Authority and Jordan. The Dead Sea is the termi-
nal point of the Jordan River watershed and as such, it serves as a barometer for the health
of the overall system. Its rapid decline reflects the present water management strategies of
the riparian and upstream countries. This includes the different water cultures of the three
countries. 

Throughout history, the Dead Sea basin has served as a source of refuge and inspiration
for followers of Judaism, Christianity and Islam. Today, the religious significance of the
Dead Sea is being overshadowed by its rapid disappearance. This may be explained in part
by the water cultures of the three countries that influence water policy in the region. Ide-
ology, together with culture and tradition, such as that of Zionism in Israel, has played a
central role in water development in the region. In many cases, this has been at the
expense of the environment. 

Elements pertaining to environmental security and water culture and tradition, whereby a
sustainably managed environment provides for social, economic as well as environmental
benefits are evident with regards the Dead Sea. The decline for example, undermines its
potential as a tourist destination, despite the enormous investment in hotel and resort
infrastructures in Israel and in Jordan. The decline also raises ethical issues about the
exploitation of water resources by present generations at the expense of this natural heri-
tage to future generations. 

This paper provides an analysis of a European Union funded project whose aims are to
synthesize and assess existing physical and socio-economic data and to assess options for
a better future for the Dead Sea. It will identify the patterns of water supply and use in the
region, and the factors that control these patterns, including those of water culture. The
underlying assumption is that solutions for a more sustainable development than today
scenario will not come from simply providing "more water for more development", but

1 The author gratefully acknowledges the assistance of Dr. Rachad Antonius, University of Montreal, for his assistance in
the statistical analysis. The research presented in this paper was funded in part by a research grant from the European
Union entitled: A Future for the Dead Sea Basin: Options for a More Sustainable Water Management (contract number:
ICA3-CT2002-10019).
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from a new land and water management system, indeed ethic, that is sensitive to social,
cultural and ecological resources thereby providing security and stability across cultures,
economic sectors and nations.

Keywords: water culture, Dead Sea, stakeholder analysis

9.1 Introduction

Both national policy and research focusing on water
scarcity in the Middle East take a regional or national
perspective, with emphasis in the literature on alterna-
tives to conflict (Postel 1993; Lowi 1993; Gleick 1994;
Gleick 1993; Frederick 1996; Flakenmark 1986; Feitel-
son 2000; Lipchin 1997; Postel and Wolf 2001). Stud-
ies have and are being conducted on hydro-economic
and hydro-political approaches (Wolf and Lonergan
1995; 1994) or on technological fixes (Hamberg 1995;
Gavrieli et al. 2002; Shelef 1995; Segev 1995) as ways
of finding solutions to water scarcity in the face of in-
creasing demand. This study explores an as yet little
studied, but critical component of the water manage-
ment system in the region: the influence of water cul-
ture on the public’s perceptions and attitudes toward
water use.

Resource use behavior of local communities is fast
becoming realized as integral to the drafting of sus-
tainable resource policy that is advocated at a national
level but implemented at a local level. Policies and
programs are strengthened when they can account for
linkages between local communities and national pol-
icy. Increased local participation strengthens resource
behaviors that are sustainable by making the policy
process more responsive to local concerns. In addi-
tion, local ownership, involvement or participation
can raise awareness about resource concerns such as
that of water scarcity and in so doing make programs
more sustainable. A first step in this approach is the
assessment of the culture of water that may exist in
the region and it’s impact on the resource of concern.

Successful employment of preferred policy strate-
gies and technologies will require an understanding of
the social environment in which they are to be applied
i.e.: the cultural context in which they operate. For ex-
ample, the social drivers which promote involvement
in recycling may vary between households and cul-
tures, and will certainly be different for domestic,
commercial and industrial users. In particular, the ap-
plication of water recycling systems (i.e. the proce-
dure of locating and operating them) within house-
holds or communities, can be severely disrupted if
some understanding of key factors such as perceived
need and benefit and cultural sensitivities towards us-

ing recycled water is not acquired (Jeffrey 2000; Jef-
frey 2000; Jeffrey & Seaton 1998). Our focus is on the
variability in perceptions of, and attitudes towards,
water use and the impacts of use on the ecosystem
among three water cultures: Israeli, Palestinian and
Jordanian, and how this is manifested in the Dead Sea
basin.. 

Understanding the social and cultural dimensions
of water use and management are now seen as central
to the development of sustainable water management
practices (Lipchin 2000; Hellstrom et al. 2000). At a
practitioner level, knowledge derived from cross-cul-
tural studies is of increasing relevance to those
charged with managing and preserving our natural re-
sources. Indeed, Hoekstra (1998) has suggested that
many of the current controversies among water re-
searchers and policy makers can be explained by the
existence of different cultural perspectives (Hoekstra
1988). These perspectives differ in their underlying ba-
sic values, beliefs and assumptions (perceptions and
attitudes). He also points out that many water issues
are not only technical problems but are also value
laden. Hence, the path toward a solution is more
complex than a simple technological “fix”.

 This is because irrespective of what conclusions
the scientific evidence leads to, the impressions and
attitudes which the public hold can speedily and effec-
tively bring a halt to any project or scheme (Jeffrey
2000; Jeffrey and Seaton 1998). The issues here are
both complex and complicated, having to do with
beliefs, attitudes and trust. Furthermore, it is impor-
tant to expose the public’s own agenda for discussing
and debating water problems and solutions. By con-
ducting social enquiry at an early stage, we can test
how policies and technologies might be received by
individuals or groups of individuals. Subsequent feed-
back into technology or project design (perhaps in
terms of appropriate scale, technology or location
preferences) can forestall ineffective or inefficient
application when the public is an equal partner in the
decision making process.

Although the increasingly heterogeneous nature of
our societies (at both nation state and regional levels)
presents new challenges in managing water resources
within a culturally diverse setting, research which can
provide guidance to practitioners on such issues is
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sparse. As Dr. Mahmoud Abu-Zeid, president of the
World Water Council has noted:” The cultural and
socio-economic values of water are still a very elusive
subject” (Abu-Zeid 1998). 

Studies of cultural influences on water quality and
water use have been carried out since the late 1950’s
(originally in the USA, but lately in Europe, Central
America and Africa). None to this author’s knowl-
edge have yet been conducted in the Middle East.

The link between cultural context and attitudes to
environmental and technological risk, for example,
has been well articulated by Douglas and Wildavsky
(1982). A review on the social bases of public concern
with environmental quality has been carried out by
Van Liere and Dunlap (1980). They examined the ex-
planatory power of several sociodemographic and so-
cioeconomic variables in explaining environmental
concern. The results indicate a complex picture where
it is not only the young, well-educated and liberal seg-
ments of society that display environmental concern
(Van Liere and Dunlap 1980). What this and other
studies show is that society is more complex than
many policy makers care to consider (Jeffrey and
Seaton 1998).

In water and natural resource exploitation studies
in particular, cultural or ethnic background has been
identified as a key indicator of both attitudes and
behaviour. In a broad context, Panday (1990) has
addressed the cross-cultural psychology of environ-
mental perception and behaviour in an effort to
understand how different societies relate to their
physical environments (Pandey 1990). The precise
influence of cultural variables in individual attitudes
towards and interactions with the water environment
have been partially investigated by several authors
(Murdock et al. 1988; Burmil et al. 1999), highlighting
in particular, the multi-faceted role which water plays
in arid and semi-arid environments. But studies which
look at specific technological applications are few (for
a rare exception to this trend see (Fry and Mingle-
dorff 1996)). Ethnicity has been shown to be a predic-
tor of actual water conservation behaviour in the
United States (Oliver 1999), with Anglo’s responding
relatively poorly to voluntary conservation pro-
grammes as compared with non-Anglo populations,
but equally well to mandatory conservation initiatives.
Cultural factors have recently been identified as a key
moderator in wastewater reuse for fish farming in
Egypt (Mancy et al. 2000).

I argue therefore that projects for sustainability re-
quire a holistic and integrated approach that takes
into account the overall cultural context in which and

by which, water is used. Community measures (in-
come, health, education) and resource measures
(quality, quantity, consumption) coupled with the par-
ticipation and empowerment of local communities
(Hoon and Singh 1997) should be the preffered meth-
odological approach in water management.

The aim of this study is to consequently explore
how differences and commonalties in water culture
influence attitudes and perceptions toward water use.
The field of study was the Dead Sea basin. The Dead
Sea basin is a transboundary resource shared by Israe-
lis, Palestinians and Jordanians.

The study sought to explore the following ques-
tion: How does one’s cultural context correlate with
the attitudes and perceptions people hold toward
water resources and water use policies in the region in
general and in the Dead Sea basin in particular? 

9.2 Study Area

The Dead Sea basin has a size of about 44,000 km²
and its watershed is shared by Israel, Jordan and Pal-
estine (figure 9.1). 

The basin plays a major role for regional eco-
nomic development. Current economic activities in
the basin are industrial (mineral extraction and water
bottling), tourism and agriculture. The Dead Sea’s
mineral composition and the unique climate provide
treatment for skin diseases, especially for psoriasis
and atopic dermatitis (Schempp 2000). The health
and cultural features plus the unique landscape have
made the area attractive for tourism. Besides the re-
gional relevance, the basin has a global importance.
Since 1998 there have been efforts to promote the
Dead Sea basin as a UNESCO Man and Biosphere
Reserve and a World Heritage site (Abu-Faris et al.
1999) because it is a both a unique habitat for wildlife
(particularly important around springs and wadis (e.g.
Ain Fashkha, Ain Gedi, Wadi Mujib) and a global cul-
tural heritage site with some of the world’s oldest hu-
man settlements (e.g. the city of Jericho and the
mountain fortress of Masada).

The Dead Sea is the terminal lake of the Jordan
Rift Valley. Its surface is currently about 417 m below
sea level which makes it the lowest point on earth.
With a salinity of about 3,000 mg/l it is also the most
saline water body in the world (Gertmann 1999).
Rainfall is limited to winter months; it varies from
about 500 mm/yr in the north-western highlands to
less than 100 mm/yr in the valley floor (Al-Weshah
2000). Perennial storage in surface and underground
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water reservoirs is limited and vulnerable to pollution
and depletion. Potential evapotranspiration in the val-
ley floor is about 2,000 mm/yr, and actual evapora-
tion from the Dead Sea surface is about 1,300–1,600
mm/yr (Stanhill 1984). The temperature is about
40 °C in summer and 15 °C in winter (Assaf et al.
1998). At the east and west there are steep escarp-
ments, while in the north and south, the valley

stretches gently upward along the Jordan River and
along the Wadi Araba, respectively. 

The historical Dead Sea consisted of two basins:
the deep northern basin (which is now the only remai-
ning Dead Sea proper), and the shallow southern
basin from which the Dead Sea has retreated since
1978. The two basins are divided by the Lisan Penin-
sula. 

Figure 9.1:  The Dead Sea watershed. Source: Dead Sea Project, www.deadseaproject.org.
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The land cover is mostly open with little vegeta-
tion. Sensitive areas include the Lisan peninsula area,
marshlands and wetlands at the northern and south-
ern ends of the Dead Sea, the Wadi Mujib, the Ain
Gedi oasis, and the Dead Sea itself (Fariz 2002). Lack
of natural freshwater, expansion of human settle-
ments, and inappropriate land use has affected these
areas (Gebetsroither et al. 2004). 

Waste waters from local domestic, agricultural, in-
dustrial and tourist activities flow directly into the
Dead Sea. Raw sewage flows into the Dead Sea from
Jerusalem-Bethlehem urban areas via the Wadi Nar
(Kidron valley). Water shortage and land degradation
are a problem all over the basin and these are likely to
exacerbate with population growth (Rishmawi and
Hrimat 1999). 

The most visible and most disturbing degradation
is the decline of the Dead Sea water level and volume.
Since around 1930 the water level of the Dead Sea has
fallen by about 25 m, about half of this alone in the
last 20 years (Anati. D.A. & Shasha 1989; Assaf et al.
1998). In the past few years the rate of decline was
80–100 cm per year. The last available data from mid-
2003 indicate a water level of –417 m (figure 9.2). As
a result of this decline, in the last 20 years the Dead
Sea surface area has shrunk by about 30 %, and its

north-south extent has shrunk from over 75 to 55 km
(Anati. D.A. and Shasha 1989). Since 1978, the Dead
Sea has completely retreated from the southern basin,
which presently consists only of artificial evaporation
ponds used by the mineral extraction industry. 

The reasons for this decline are well-known. First
and foremost, the decline is a direct consequence of
the declining freshwater input: this includes de-
creasing discharge from the River Jordan, increasing
water use from natural springs and side wadis, and ex-
tensive use of aquifers that provide secondary water
input (Klein 1985 ). Of all these factors, the River Jor-
dan probably plays the biggest role (Lipchin 1997). It
may be said that the Dead Sea's steady disappearance
is a direct result of the water management strategies
of the River Jordan riparians (Tal 2001). While 100
years ago the River Jordan’s discharge into the Dead
Sea was about 1,200–1,300 million cubic meters per
year (MCM/yr) of freshwater, it has been reduced to
about 900 MCM/yr by the 1940’s and now is not
more than 100–200 MCM/yr of saline and polluted
water (Orthofer 2001; 1994; Al-Weshah 2000; Or-
thofer et al. 2001; Rabi 1997 ; Shavit 2001). The main
reason for this decline is that water from the Upper
Jordan River as well as water from the Lower Jordan
River tributaries (e.g. Yarmouk, Zarqa) has been

Figure 9.2: Decline of Dead Sea water level 1976-2003 (Data from Israeli Hydrological Service)
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blocked and diverted for urban and agricultural uses
inside and outside the watershed by the basin ripari-
ans. 

On top of the reduced freshwater input, more
than 200 MCM/yr water are pumped out of the Dead
Sea into evaporation ponds in the shallow southern
basin. It is estimated that the salt industries contribute
25 to 30 % of the present total evaporation rates (War-
dam 2000). 

It is not clear whether the Dead Sea water level
has now come to equilibrium between the reduced
surface and a reduced evaporation, or if it will con-
tinue to decline. As a result of the lowering of the
water level, the adjacent aquifers are seriously affected
(Yechieli 1996). Sinkholes have opened up along the
shoreline, caused by lowered water tables and ground-
water over-exploitation (Baer et al. 2002; Bowman et
al. 2000). These sinkholes are a serious threat to infra-
structure around the basin and have essentially halted
future development plans such as the building of new
hotels (figure 9.3). Furthermore, the decline of the
Dead Sea also affects the freshwater springs on its
shores (e.g. Ain Fashkha and Ain Turiba) that support
a unique biodiversity (Friends of the Earth Middle
East 2000; EcoPeace 1998). The decline of the water
level has also had a serious effect on tourism due to
the disappearance of the shoreline close to the hotels.

Without some form of intervention, the current
trend is expected to continue with potential disas-

trous effects for the future. The growing population
in all three countries will increase the pressure for the
freshwater that currently remains unused. The possi-
ble re-settlement of returning Palestinian refugees will
also increase demand in Palestine. Palestinians de-
mand as part of a regional water agreement that more
water should be allowed to the Lower Jordan River
and that this additional water should be usable for the
Palestinian population. This, of course, means that
the Dead Sea would not benefit. The declining Dead
Sea undermines the potential as a tourist destination,
despite the enormous investment in hotel and resort
infrastructures in Israel and in Jordan. Over the next
few years, there are plans for further tourism and in-
dustrial development including the construction of
over 50,000 new hotel rooms (Meunier 1999). For the
fledgling Palestinian economy, the present state of the
Dead Sea suggests that Palestinians may never have
the opportunity to develop what should have been
one of their more attractive tourist locations that
could provide critical employment to a growing work-
force. 

In all three countries, development policies have
disregarded impacts on the environment, indigenous
people and small farmers. Essential water needs for
nature were neglected; policies lacked incentives to
promote local forms of environmental security and
equitable access to natural goods and services. Water
is increasingly allocated to the urban sector and to

Figure 9.3:  A series of sinkholes on the exposed shoreline on the western shore of the northern basin of the Dead Sea
(Photo: Clive Lipchin).
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large-scale agriculture at the expense of the needs and
rights of the rural and indigenous people. Conse-
quently, the rural poor and indigenous are overex-
ploiting land resources to sustain their livelihoods.

Furthermore, the decline of the Dead Sea raises
ethical issues regarding the exploitation of present
generations of water resources at the expense of the
natural heritage in the future. Many would argue that
it represents an intolerable violation of the rights of
future generations.

Nonetheless there is concern in the region about
the threat of a disappearing Dead Sea (Coussin 2001;
EcoPeace 1998), but very little progress. Most options
for solving the environmental and economical prob-
lems focus on the provision of “new water from out-
side”, particularly through the building of a canal that
will connect the Red Sea with the Dead Sea (“Red-
Dead Conveyance Project”) (Gavrieli et al. 2002).
This is a classical technological “fix” solution indica-
tive of a centralized management structure with little
public involvement. Both Israeli and Jordanian gov-
ernments support this type of option (recently, the Is-
raeli government has shown less enthusiasm as it ex-
plores desalination plants on the Mediterranean
coast). This 240 km conduit is expected to replenish
the missing inflow from the Jordan River through
brine discharge from desalination, use the gravity
pressure for desalination through reverse osmosis for
drinking water, and for production of electricity.
Costs are estimated to be around 3 billion dollars
(Pearce 1995). Financing for the project may come
from the World Bank. Among the questions which re-
main unclear are the environmental impacts of the ca-
nal, e.g. the chemical changes of the water and the
economic viability of the project. 

This study seeks to go beyond the centralized and
technological approach to saving the Dead Sea by ap-
proaching the problem from a more holistic and in-
clusive perspective. It seeks to find out from the pub-
lic (residents of the Dead Sea basin) where they stand
on the issues. What are their needs and priorities?
What is important to them and what alternatives are
they willing to support? The study also seeks to under-
stand how one’s social context influences one’s per-
ceptions and attitudes towards the declining water lev-
els of the Dead Sea basin. In other words, how does
a society’s water culture shape how a society ap-
proaches an issue such as that of the disappearing
Dead Sea. In responding to the crisis in the Dead Sea
basin one needs to examine the historical context of
how each riparian’s water culture evolved and in what
direction it is headed in the future. This socio-cultural

approach is valuable to policy makers in providing
clues on what types of interventions and programs
may elicit society’s acceptance or rejection. 

9.3 Water Culture in the Dead Sea 
Basin

9.3.1 Water Culture in Israel

With at least 60 % of water going to agriculture in Is-
rael, its unique role in local Israeli culture and heritage
must be understood and the practical manifestations
integrated into an assessment of water culture in Is-
rael. Agriculture has historically enjoyed a privileged
place among Israeli decision-makers. Explanations for
this were somewhat self-evident during the 1950s and
1960s when agriculture provided some 30 % of the
country’s GNP and most of the top political leader-
ship had either immediate or historical connections
with agricultural communities (Hillel 1994).

Zionism, the nationalistic ideology of the Jewish
people always elevated agricultural pursuits, encourag-
ing “pioneer” immigrants to establish new settle-
ments. A variety of philosophers, most notably A.D.
Gordon, espoused a Tolstoyic perception that only
through work connected to the land and soil could
personal redemption be achieved (Tal 2002). Among
agriculture’s additional merits that were traditionally
cited are: its contribution to “food security,” as a
means of self-sufficiency, its role in stymieing land
claims by Arabs (in particular Bedouins), establishing
territorial claims in the periphery of the country and
in the past, socialising new immigrants and reducing
unemployment.

This ideological and cultural bias provides some
explanation for present water policies, which today
are frequently inconsistent with economic and envi-
ronmental considerations (Lipchin 2003). To begin
with, the economic contribution of agriculture to Is-
rael’s economic profile has fallen to 3 % of GNP and
2 % of overall employment. Crop subsidies neverthe-
less remain high for certain crops. Large-scale water
diversions for agriculture have also left a hydrological
legacy of dry streams and depleted aquifers (Lipchin
2003 and Zaslavsky 2002). None more so is the Na-
tional Water Carrier that diverts water from the Sea of
Galilee in the northern part of the Jordan river water-
shed to the south of the country for irrigation. This
large scale diversion scheme plays an important role
in reducing the flow of water in the lower Jordan and
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hence the amount of water that can reach the Dead
Sea.

Part of the reason can of course be attributed to
the political elites who continue to dominate govern-
mental decision-makers. Senior politicians and gov-
ernment officials are disproportionately affiliated
with the agricultural sector, affecting their decisions
about water allocation, pricing and distribution. The
political patronage of Israel’s top leadership to agri-
cultural interests continues and they remain protected
in recent years regardless of party affiliation. For
example, past Prime Minister Ehud Barak, a “leftist”
politician, was raised on an agricultural kibbutz, while
recent Prime Minister Ariel Sharon, head of a “right-
wing” party makes his home on a ranch in the Negev.
Recently, a plan by the Israel Treasury to raise water
prices by 70 % for the agricultural sector was tabled
after intervention from the Minister of Agriculture.

While the general public is increasingly urban in its
domicile (over 90 % of the population in Israel live in
moderate to large cities) Zionist’s veneration of rural-
ist living remains a critical factor in the water culture
of the national psyche. This is true from an ideologi-
cal perspective, with farming still considered among
the more admirable (albeit barely profitable) profes-
sions. Youth movements, a critical socialisation factor
for large segments of upper-middle class Israeli youth,
still spend considerable time in summer work camps
in agricultural communities. 

Agriculture also holds a place in the national aes-
thetic psyche. A recent study by Fleisher et. al. (2001)
from the Hebrew University in Jerusalem based on a
“willingness to pay” survey suggests that the value for
passive use (among tourists) for agricultural produc-
tion in Israel’s Jezreel valley and Israel’s Huleh valley
exceed the actual production amounts. This is not
inconsistent with similar preferences in England,
which has protected its bucolic countryside with legis-
lation to subsidise rural landscapes. Quite simply,
Israelis like farms, and farmers have convinced deci-
sion-makers (and to a certain extent the public at
large) that the resulting prodigious water consump-
tion is justified (Lipchin 2003).

Hence, it can be argued that there are dominating
“ideological and cultural” factors that explain the
country’s ongoing commitment to agriculture and
that by association, water is just too valuable to flow
freely in the country’s rivers and streams. By this logic,
the price now being paid by the Dead Sea is due to
the veneration of water for agriculture among all
other needs. Within this context however, the agricul-
tural sector has increasingly come to understand that

fresh water is a scarce resource that will be largely re-
placed by treated wastewater and desalination. At the
same time, the growing of certain crops may become
prohibitively expensive or impossible due to the salin-
ity levels in effluents and available brackish waters
(Schwartz 2001). The transition to drip irrigation for
many crops from the 1970s onward has allowed many
Israelis farmers to maintain productivity even as actual
allocations were cut periodically.

Reductions in allocations of water to agriculture
were primarily enacted in the face of droughts but
also reflected a growing domestic demand for water.
The adaptability of Israel’s agricultural sectors and the
relatively consistent fluctuations in allocations over
the past decade confirm that while agriculture’s gen-
eral support is fairly unquestioned, the actual quantity
of water consumed is open to change and influence
of additional factors. In fact, recent data show that
water consumption in agriculture is declining.

Not only the actual magnitude but also the form of
the agricultural community’s water portfolio can be
considered a dynamic factor. Past experience suggests
that it is a nimble sector that has frequently changed
its crop profiles in order to exploit market opportuni-
ties or to respond to the agronomic constraints posed
by different water qualities. This same flexibility can
be seen in its utilisation of wastewater, which as al-
ready mentioned provides it with a growing percent-
age of its hydrologic needs (table 9.2). Cultural resist-
ance to wastewater, that has been an obstacle to its
utilisation in certain Arab societies, constitutes less of
a barrier among Israeli communities. Although the
use of wastewater for domestic purposes has been
shown to be unpopular (Lipchin 2003). The amount
of fresh water (potable) being consumed by agricul-
ture is declining somewhat, although the savings of
fresh water in agriculture are being rapidly consumed
by the growing domestic sector.

From an empirical perspective, the primary factors
that can be associated with any reduction in agricul-
tural productivity, and hence water, involve land con-

Table 9.1: Potable water consumption by purpose in
percentages. Source: Israel Central Bureau of
Statistics, 2004

1983 1993 2003

Agriculture 71 64 56

Domestic 23 29 38

Industry 6 7 6

Total 100 100 100
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version. For many years, the powerful stature of agri-
culture in Israeli political culture was bolstered by the
Planning and Building Law (1965) that gave agricul-
tural zoning preference as a “default” to any land that
was not designated otherwise. During the 1990s, a
series of decisions changed that and led to a softening
of zoning lines, which had previously locked farmers
into agricultural usage. At the same time, economic
conditions and high inflationary loans pushed many
farmers to take advantage of the new “speculative”
opportunities and sell out (Feitelson 1997). This trans-
formation can be seen in such regions as the Sharon
and Galilee. It also changed the perception of farmers
among environmentalists, who increasingly valued
agriculture as a hedge against urban sprawl.

Israel’s national water management system since
its inception has been designed to subsidise agricul-
tural production. Water prices constitute one of the
clearest economic manifestations of the aforemen-
tioned ideological commitment to agriculture. Under
Israel’s Water Law (1959) farmers pay a low-base price
for the first 50 % of their water allotment. The price
increases for the next 30 % and 20 % respectively. Wa-
ter prices for water with high concentrations of salin-
ity or effluents can be as much as 100 % cheaper. This
provides a disincentive to water conservation, as low-
grade saline water is cheap to use. Urban uses can be
charged as much as eight times more. In recent budg-
ets, the cost of water subsidies has been roughly 73
million dollars (U.S.). As one commentator explained,
frequently, the most expensive water that is actually
delivered will be priced at the lowest level (Plant
2000). 

In the past, drops in domestic water use came
through moral suasion. When the Israeli public was
convinced that the water shortage was acute and gen-
uine, it responded by reducing their consumption.
Lawns were dried up and even cemented over, shower
times shortened, and water saving devices installed in
bathrooms etc. The agricultural sector was also polit-

ically more willing to accept water allocation reduc-
tions. For example, when Israel’s Supreme Court dis-
qualified spartan water quotas issued by Water
Commissioner Dan Zaslavksy in the early 1990s, left
with little alternative he made a direct appeal to the
public. Given the three successive years of drought
that had depleted and overdrawn Israel’s fresh water
resources considerably he asked Israelis to cut back.
The public responded positively. Subsequent to
Zaslavksy’s request, some 10 % drop in overall use was
recorded (Tal 2002). Albeit, this drop was temporary,
as the following above average rainfall years resulted
in cut backs to be withdrawn. 

In other areas, Israelis have shown a great willing-
ness to pay for public natural resources when they felt
they were threatened, their crushingly high tax burden
not withstanding. For example, in the wake of arson
in the Carmel forests, citizens made substantial dona-
tions to telethon campaigns designed to cover the re-
planting expenses (Shechter 1996). Entrance fees to
nature reserves and parks have not excessively de-
terred visitation rates. As the availability of desali-
nated water increases, Israelis will, for the first time
be able to manifest their “willingness to pay for wa-
ter,” with a potentially unlimited supply of water, but
for a price. Here, societal support for alternative users
of water (nature, agriculture) can be expected.

Ironically higher rainfall may have an important
role in influencing this particular factor. That is to say,
when there is drought, the predictable efforts to gal-
vanise the public to reduce water consumption have
varying degrees of success, depending on the integrity
of the appeal and the message. During wet periods,
however, while there are basic infrastructure improve-
ments (for example dissemination of two tank toilets,
etc.) there is less of an actual appeal for restraint and
conservation and the issue of demand management
remains tucked far away from public consciousness.
In other words, a crisis management response domi-
nates the public’s behaviour. The challenge is to con-
vert this response to a sustainable one that pre-empts
crisis rather than responding to it.

In sum, the water culture in Israel is driven by the
hegemony of agriculture that is rooted in Zionist ide-
ology. Demand management and conservation are ret-
roactive and are short term responses to crises and
not proactive and long term. Supply side management
dominates with special attention being focused on
technological panaceas to the water crisis such as the
building of desalination plants on the Mediterranean
coast and the proposed Red-Dead Conveyance
project already discussed above.

Table 9.2: Water production in agriculture by type in
percentages. Source: Israel Central Bureau of
Statistics, 2004

1993 2003

Potable 71 56

Effluent 12 24

Brackish 6 11

Surface 11 9

Total 100 100
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9.3.2 Water Culture in Palestine and Jordan

There are several objective differences between the
water resources in the Palestinian and Jordanian sec-
tors and those in Israel. The most obvious one in-
volves absolute quantities of available water. Israel cur-
rently has the upper hand in control of both surface
and ground waters of the Jordan River watershed. At
the same time, water delivery infrastructure in Jordan
and Palestine is not as developed as it is in Israel. This
means that water quality is not a high concern in Is-
rael but it is for Jordan and Palestine. The discrepancy
in both water quantity and quality is an important fac-
tor in the water culture of Jordan and Palestine. The
consumption patterns of water by Palestinians is thus
due in part to political constraints (Hosh 1995). The
most basic disparity between Israeli and Palestinian at-
titudes towards water can be traced to how much they
receive, or “per capita” allocation rates. The average
Israeli consumes roughly 350 cm/year while Palestini-
ans roughly 100 cm/year .

In absolute terms, agriculture is a far smaller con-
sumer of water in both Jordan and Palestine than in
Israel. The division between domestic/industrial and
agricultural usage is roughly 89 MCM for agriculture
with 57 MCM for the domestic sector, ironically mak-
ing Palestinian agricultural a relatively greater con-
sumer of water than the Israeli sector. Of course the
water management profile of agriculture in the West
Bank is completely different than in the Israeli sector.
For example, irrigation techniques in the West Bank
do not rely on capital intensive drip systems, although
this depends on the region and crop. Indeed, tradi-

tional Palestinian reliance on rainfall and streams, and
lack of an irrigation-based agricultural sector is con-
sidered by leading Palestinian experts to be an ecolog-
ical advantage (Assaf 1994). 

Another difference is the relative contribution of
surface water to overall resources. Roughly 70 % of
Jordanian waters (747 MCM) is surface waters with
only 389 MCM coming from groundwater while there
are some 527 known springs in the West Bank, provid-
ing roughly half of domestic consumption. As these
springs historically were not regulated by the Israeli
authorities, historic rights remained in force. Some
67 % of these streams are utilised – roughly two-thirds
by agriculture in the West Bank with the other third
used for domestic purposes. Wastewater reuse in Jor-
dan is still fairly minimal. As of 2000 wastewater gen-
erated only some 13 percent of the 521 MCM being
utilised for irrigation in agriculture, largely for trees
and fodder (Al-Shreideh 2000).

The enormous magnitude of lost water to delivery
systems has been documented in a number of con-
texts (Palestine Hydrology Group 2000) with as much
as 30 % loss of local waters attributed to leaky pipes
(Palestine Academic Society for Study of International
Affairs 2002). Jordan suffers from similar problems
with frequent pipe bursts and seepages through age-
ing water systems considered a major source of water
loss (Khatib 1998). While theoretically, this problem
falls in the technological rather than the social realm,
clearly expanding water efficiency in the municipal
sector through investment in infrastructure is driven
by social/political considerations. For example, the
hesitancy of Palestinians to rely on Israeli technology
as this may indicate recognition of Israeli sovereignty
of water resources in Palestinian territory.

In general, the relative scarcity of water (both in
terms of quantity and quality) in Jordan and Palestine
drives local perceptions and attitudes towards this
resource. An additional factor driving attitudes is the
traditional use of water in some villages in the West
Bank and Jordan. Where local control of water still
remains, water allocations for agriculture are socially
determined. Unfortunately, these systems are under
threat as centralised authorities such as the Palestinian
Water Authority begin to assume control. Further, the
dominant role of political instability and the recent
Intifadah within the day-to-day reality of Palestinians
has enormous manifestations within the social dynam-
ics of this society regarding water. In fact, it is a key
element in the water culture of Jordan and Palestine
due to the hegemonic position of Israel.

Table 9.3: Water consumption in Palestine in
percentages. Source: Palestinian National
Information Center

Use 1995 1996 1997 1998

Domestic 44 45 48 44

Agrarian 56 55 52 56

Total 100 100 100 100

Table 9.4: Water consumption in Jordan in
percentages. Source: Shannag and Al-
Adwan, 2000

Sector 1985 1989 1995 2005

Domestic 24 25 22 22

Agricultural 76 75 78 78

Total 100 100 100 100
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While Israelis are vaguely aware of the geopolitical
conflict in the area as a source of tension regarding
water allocations, these issues are extremely high in
the perceptions of Palestinian communities. The Oslo
accords brought with them a spate of public works
projects, largely American funded, with the goal of
strengthening the water infrastructure of the West
Bank.

The impact of the military activities of the Israel
Defence Forces (IDF) on water infrastructure is fre-
quently cited as exacerbating a situation that was al-
ready extremely deficient. The freezing of critical wa-
ter infrastructure projects (e.g., the sewage treatment
plant in Hebron or Sulfit) as a result of the present
hostilities suggests that to a large extent there is justi-
fication for linking water policies with the broader
context of Israeli-Palestinian relations. In a word, for
the West Bank, the present round of hostilities affects
everything, with water management and perceptions
of water issues being no exception. 

During periods of curfew, water delivery becomes
a critical issue for all Palestinian citizens, regardless of
socio-economic class. Basic access to drinking water
becomes the primary focus of households. Showers
and personal hygiene are delayed so as not to waste
valuable water. As bottled water is too expensive for
most of the population, tap water (or delivery in
trucks for the 200 villages that remain without run-
ning water) is the critical resource, and during sum-
mer months, supply is sometimes interrupted. 

As such, Palestinians tend to blame Israel for water
scarcity problems. A pervasive sense of injustice in the
allocation of water resources is a common feature of
almost all Palestinians’ personal ideology, regardless
of the individual’s political or theological inclinations.

While the Jordanian population has less direct
contact with Israelis and its water resources, for many
years geo-political forces have only indirectly or “his-
torically” affected them. Hence while their attitudes
on the subject are less passionate, there are varying
degrees of blame apportioned to Israel and their
upstream neighbour, Syria for the shortages. Overall
scarcity constitutes the basic common factor in Jorda-
nian perceptions. There is of course, a solid objective
basis for this. With water delivery in Amman only
reaching homes once a week in many neighbour-
hoods, significant planning is necessary to meet basic
domestic needs (laundry, hygiene, cooking, etc.).

Cisterns and storage of rainwater constitutes a ba-
sic element in many Palestinian and Jordanian homes.
This direct involvement by citizens offers a constant
reminder of perennial shortages. In other words, the

citizens experience in generating their own water,
makes them appreciate the resource and they are
acutely conscious of its value as opposed to residents
of Israel that are buffered from personally experienc-
ing scarcity due to efficient water distribution infra-
structure.

With scarcity dominating local perceptions, other
uses of water are often perceived as frivolous or irrel-
evant. For example, should a conflict between nature
and human needs arise, the acute shortage among Pal-
estinian and Jordanian communities makes concern
for natural values, such as that of the Dead Sea, con-
sidered to be a “luxury” with the expansion of supply
for basic human needs considered to be the pre-emi-
nent priority in discussions. A peace treaty that in-
cluded a redistribution of water for the region that in-
cluded allocations for nature (as well as generating
expanded supply) may be able to change this percep-
tion by leveraging a parallel increase in water alloca-
tions to consumers in Jordan and Palestine.

Water prices are set at an artificially low level in
Jordan and Palestine in order to ensure universal ac-
cess, regardless of economic capabilities. Bottled wa-
ter, although widely available in stores, is only utilised
by a small percentage of the local population due to
the high (relative to income) associated costs. Tap wa-
ter is sufficiently expensive, and unavailable to justify
a variety of “collection” activities by local populations
in both Jordan and Palestine, where individuals drive
to springs or private treatment centres and fill up con-
tainers.

Farmers typically do not pay for water at all in ei-
ther Jordan or Palestine. Stream-supplied irrigation is
received free of charge, due to the persistence of his-
torical rights. This suggests that any direct expenses
assigned to them for water usage will have an immedi-
ate affect on their agronomic decisions.

Water conservation is a highly developed ethos in
both Palestinian and Jordanian societies whereas it is
lacking in Israel. Regulation of agricultural utilisation
is often done by social pressures, with the wasting of
water considered to be an inappropriate behaviour
which brings with it social repercussions. 

The government in Jordan has invested considera-
ble energies in promoting conservation practices and
the public has been largely responsive. Calls for instal-
lation of water saving devices in toilets, baths, show-
ers and sinks have been effective. 

Unlike Israel where there exists a certain level of
animosity towards the agricultural sector for “wast-
ing” limited water resources, Palestinian and Jorda-
nian farmers do not appear to be the subject of re-
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sentment by their urban countrymen. The general
public is aware of the poor quality of effluents, which
are occasionally used by the agricultural sector, and
tends to have an “inflated” view of its contribution to
irrigation supply. As such, most city-dwellers have lit-
tle desire to “compete” for these sources of water. 

Moreover, there is no “perceived” agricultural
lobby driving public policy in water in these sectors as
it in Israel. In fact “agri-business” in Jordan is likely to
exert considerable influence on the thinking of the
Minister of Water and the Minister of Agriculture.
The poorly organised subsistence farmers (fellahin)
are less likely to wield direct influence in the corridors
of power, but at the local level they can be a powerful
force (Trottier 1999). In either case, the political proc-
ess in Palestine and Jordan does not lend itself to
making water a “hot” political issue in the domestic
context, if for no other reason, because of the issue’s
public persona as one of many areas of conflict involv-
ing Israel.

There are great gaps in the availability and quality
of water in both Jordanian and Palestinian societies.
Palestinian communities without access to running
water are typically more indigent and rural. More im-
portantly, they are more vulnerable to contamination
of springs, which provide a sole source of water for
the at least 200,000 people in these villages. There
are growing number of reports of utilisation of pol-
luted streams by Palestinians, notwithstanding their
classification as a resource unfit for consumption.

In Jordan it is more difficult to generalise regard-
ing the rural sector. In the area of Ghor Safi on the
southern shore of the Dead Sea, for example, where
subsistence farming provides most of the livelihood,
water quality is relatively poor. It has been suggested
that there is an attempt to provide “reverse discrimina-
tion” to balance overall economic inequities. Hence,
the poorer sections of East Amman are thought to re-
ceive water of better quality than the wealthier sections
because they have the option of purchasing bottled wa-
ter as an alternative.

Historically, personal gardens have never been an
important factor in the household sector for most Pal-
estinians and Jordanians. Although in West Amman
there are irrigated lawns, these are limited to among
a very select, affluent sector, and as the phenomenon
remains marginal, their contribution to overall con-
sumption is minimal.   

9.4 Residents of the Dead Sea Basin

Israelis, Palestinians and Jordanians reside within the
Dead Sea basin. The three publics differ culturally,
economically and politically which in turn influences
their water culture. The Israeli public has by far the
lowest population density within the basin. The total
population of residents is approximately 1,500 individ-
uals. The majority of the residents reside in agricul-
tural settlements (kibbutzim or moshavim in He-
brew). The region is divided into two regional
authorities. The southern Tamar regional authority is
located within Israel’s pre-1967 borders whereas the
northern Megillot regional authority is beyond the
post-1967 borders. Any peace agreement with the Pal-
estinians will most likely result in a shift in Israeli de-
mographics in the basin. Date farming for export is
the most profitable agricultural activity. Food crops,
primarily vegetable crops, are also grown. The largest
industrial activity, located at the southern basin, is the
Dead Sea Works which extracts minerals from the
Dead Sea and is the world's fourth largest producer
and supplier of potash products. Tourism is also an
important contributor to the local economy and is
well developed with a string of high class hotels along
the western shore of the southern basin. Most of the
employees of the Dead Sea Works and of the hotels
however, come from outside of the basin.

The Palestinian population in the study area re-
sides in urban and rural communities as well as in ref-
ugee camps. The total Palestinian population in the
study area as of 2002 was 512,238. Most of the com-
munities are located in the western part of the Dead
Sea basin, whereas the eastern part is sparsely popu-
lated. Economic activities are local scale agriculture
including livestock farming (sheep and goats), stone
quarrying and olive oil pressing. Manufacturing and
service related industries are practiced in the urban
centres. 

On the Jordanian side of the Dead Sea population
estimates are approximately 54,000 people. Rural
farming is the dominant activity. Both fruits and vege-
tables are grown. According to land area cultivated:
lemons, olives, tomatoes and beans are the dominant
crops. The rural farming community is estimated at
53,000 people. The Arab Potash Company is located
at the southern end of the Dead Sea and produces
similar products to that of the Dead Sea Works in Is-
rael. The company employs 300 people who live on
the premises. There are also three hotels located on
the northern basin on the Jordanian side of the Dead
Sea.
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Water consumption by sector varies for the three
riparians. The dominant sector in Israel is the indus-
trial sector, primarily that of the Dead Sea Works. In
Palestine and Jordan agriculture is the dominant sec-
tor (figure 9.4).

The variability in water use across sectors and coun-
tries of the basin poses a challenge for integrated
water management. It is therefore essential that as a
first step towards integration a stakeholder assess-
ment is carried out. 

9.5 Assessing Local Attitudes 
Towards Water Use in the Dead 
Sea Basin

The following is an exploration of water culture at a
local level among the three nationalities of the Dead
Sea basin with an attempt to compare the degree of
conformity of local attitudes to national positions.
This analysis is also of value to any decision support
system for integrated water management in the
region. The research was conducted using two instru-
ments. The first was a survey questionnaire targeted at
the residents of the Dead Sea basin in Israel, Palestine
and Jordan. The second was a series of focus group
meetings (FGMs) with a select group of stakeholders
in the region. 

The survey data are meant to assess the public’s
point of view on the decline of the Dead Sea. How-
ever, caution must be exercised in interpreting the sur-
vey data due to the fact that people may interpret the
questions posed by the survey differently, many peo-
ple may lack sufficient knowledge to answer a ques-
tion correctly or truthfully and many biases that may
influence how a person responds may be present and
often unavoidable. This being said, surveys can pro-

vide some insight on where the public stands on an is-
sue and what they may be willing to accept and/or re-
ject. The data therefore are of use as they help frame
the debate on an issue.

Focus groups are a powerful means to evaluate
where a particular group stands on an issue. A series
of meetings with a select group of stakeholders were
held across the basin to provide a more in-depth look
into the fate of the Dead Sea. The FGMs were held
over a period of seven months. The FGMs were held
respectively in Israel, Palestine and Jordan. The FGMs
were facilitated by an expert facilitator and were con-
ducted in the local language (Hebrew for Israel and
Arabic for Palestine and Jordan). 

A total of seven FGMs took place: two in the West
Bank with representatives from the governmental,
non-governmental and research/science sectors, and
farmers, three in Jordan with participants from the
private, research/science and governmental sectors,
and two in Israel with representatives from the farm-
ing and kibbutzim communities, governmental repre-
sentatives and NGOs. The Jordanian FGMs offer a
more complete sample of the interests and opinions
held by the various stakeholders involved as partici-
pants from all the sectors involved were present. The
views expressed the attendees were summarized
according to the following topics:

• Water Shortages – General Perceptions
• State of the Dead Sea
• The Role of Agriculture
• The Red Sea – Dead Sea Canal
• New Water Investment
• Cooperation

9.6 Survey Results

The survey instrument consisted of a combination of
dichotomous choice and close-ended questions to
address (a) water use and consumption habitats, (b)
knowledge of water supply and demand infrastructure
in the Dead Sea basin, (c) support for conservation
practices and willingness to pay for such practices
and, (d) the importance of international cooperation
in future management of the Dead Sea. 

The dichotomous choice section on water use and
consumption habitats used a 5-point Likert scale (1 for
strongly agree to 5 for strongly disagree with 3 being
neutral). The other sections of the questionnaire used
close-ended questions. Responses were coded for sta-
tistical analysis. The final section of the questionnaire
gathered socioeconomic and sociodemographic infor-

Figure 9.4: Water consumption by sector in the Dead
Sea basin. Source: Elisha, R, 2006
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mation from the respondents. Pre-testing of the sur-
vey was conducted with an expert evaluator from Tel
Aviv University. The questionnaire was translated into
Hebrew and Arabic with slight variations in survey de-
sign according to cultural norms. A group of volun-
teers, residents of the basin, and supervised by the au-
thor, disseminated the questionnaires to the residents
who were asked to fill out the questionnaire and re-
turn it the next day. A random representative sample
of both urban and rural residents of the basin were se-
lected (table 9.5). Cross-cultural analyses were con-
ducted among Israeli, Palestinian and Jordanian re-
spondents. 

A series of statements were posed to respondents on
their water use habits, their attitudes to the shrinking
Dead Sea and the importance for transboundary co-
operation to save the Dead Sea.

According to the statement: Most families use
more water than they need, most respondents from
all three countries acknowledged they uses more
water than was perhaps necessary. However, close to
a third of Palestinians and Jordanians disagreed with
this statement whereas less than a third of Israelis dis-
agreed (table 9.6).

A corollary to the above statement was what people
thought about their availability of their local water
supply. For all three countries people were relatively
evenly split between confidence in local water supply
meeting current needs versus mistrust in local supplies
meeting the communities’ needs (table 9.7).

In terms of being able to reduce the amount of water
people use, over 50 % of respondents from all three
countries admitted that this would be difficult to do.
Approximately 30 % of the respondents said that their
household water use could be reduced (table 9.8).

The above statements reflect that although there are
differences in national water cultures, at the local level
in terms of household water use, these differences are
less apparent.

The following statements attempted to reflect the
resident’s perception on the state of the Dead Sea..

According to table 9.9 the vast majority of residents
across the basin all agree that the declining water lev-
els of the Dead Sea are a cause for concern. Going
deeper, how do people think about available water
supplies in the region to meet demand both now and

Table 9.5: Population Surveyed in the Dead Sea Basin*

Country Population Sample Size

Palestine 512,238 741

Israel 1,408 176

Jordan 53,300 623

Total 566,946 1,540

*Population sizes were independently selected by
experts from the three countries

Table 9.6: Most Families Use More Water Than They
Need

Most families use more water than they need

IL PA JO

Agree 74 73.2 69

Neutral 12 3.6 3

Disagree 14 23.2 28

100 100 100

Table 9.7: There is Enough Water to Meet Your
Community's Needs

There is enough water to meet your community's needs

IL PA JO

Agree 49 36.6 34

Neutral 13 15.8 13

Disagree 38 47.6 52

100 100 100

Table 9.8: It Would be Difficult to Reduce the Amount
of Water Used in Your Household

It would be difficult to reduce the amount of water 
used in your household

IL PA JO

Agree 54 56.8 55

Neutral 13 9.5 10

Disagree 33 33.7 35

100 100 100

Table 9.9: Declining Water Levels are a Cause for
Concern

Declining water levels are a cause for concern

IL PA JO

Agree 93 85.1 83

Neutral 6.1 6.2 6.6

Disagree 1.2 8.7 11

100 100 100



A Future for the Dead Sea Basin: Water Culture among Israelis, Palestinians and Jordanians 101

in the future for agriculture, industry and domestic
needs? 

According to table 9.10, approximately 50 % of Israe-
lis believe that there is not enough water to meet the
needs for agriculture whereas Palestinians and Jorda-
nians mostly either agreed or disagreed with this
statement. Tentative conclusions to be drawn are that
Israelis are more aware of the status of water availabil-
ity in the region but also that their water consumption
for agriculture is greater than in either Palestine or
Jordan. 

In terms of water needs for industry, all residents
mostly agree that water supply will continue to meet
water demand (table 9.11). This result may reflect the
economic importance attributed to the industrial sec-
tor in the basin, at least for Israel and Jordan. The
importance of the mineral extraction industries in the
basin cannot be underestimated both in terms of their
economical importance to the countries but also in
their impact on the Dead Sea. The evaporation ponds
managed by the industries contributes to an increase
in the evaporation rate of the Dead Sea, exacerbating
the water level decline of the sea. It will be imperative
for any integrated management plan to include
directly the industrial stakeholder community in the
future management of the basin.

In terms of the domestic sector, some differences
come to light. Israelis are slightly optimistic that
municipal water needs will meet demand whereas Jor-
danians are not as sanguine (table 9.12). Interestingly
enough, it is the Palestinians, who face water scarcity
directly, to be the most optimistic. This may reflect
the low population density of Palestinians living near
to the Dead Sea or in the fact that their domestic
water is low with little capacity for it to increase in the
near future.

A vital water resource in the basin is groundwater.
Most local water sources come either directly from
groundwater or from where groundwater comes to
the surface as springs. Agricultural use in the Palestin-
ian sector is heavily dependent on groundwater use
and the Dead Sea Works in Israel gets most of its
freshwater, which is used for cooling purposes in its
industrial processes, from groundwater. Water for ag-
riculture in Israel and Jordan on the other hand
comes mostly from outside the basin in terms of sur-
face water diversions that brings water to the farmers
from either outside or from the northern portion of
the watershed. People’s perceptions of groundwater is
therefore crucial for integrated management. It seems
that only Israelis favor a “keep pumping” option on
groundwater use whereas many Palestinians and a ma-
jority of Jordanians favor a “reduce pumping” option
(table 9.13)..

Table 9.10: There is Enough Water in the Dead Sea
Region to Support Agriculture Now and in
the Future

There is Enough Water in the Dead Sea Region to Sup-
port Agriculture now and in the Future

IL PA JO

Agree 23 32.3 44

Neutral 25 30.9 21

Disagree 52 36.8 34

100 100 100

Table 9.11: There is Enough Water in the Dead Sea
Region to Support Industry Now and in the
Future

There is enough water in the Dead Sea region to sup-
port industry now and in the future

IL PA JO

Agree 52 58.9 79

Neutral 19 23.3 8.9

Disagree 29 17.8 12

100 100 100

Table 9.12: There is Enough Water in the Dead Sea
Region to Support Your Community Now
and in the Future

There is enough water in the Dead Sea region to sup-
port your community now and in the future

IL PA JO

Agree 48 56.5 35

Neutral 15 9.4 13

Disagree 38 34.1 52

100 100 100

Table 9.13: Opinions on Groundwater Pumping

Opinions on groundwater pumping

IL PA JO

Keep pumping 54 44.6 36

Reduce pumping 46 55.5 64

100 100 100
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This result may indicate the proximity the Palestin-
ian and Jordanian populations have on the depend-
ence of groundwater and that many groundwater
wells are locally managed and knowledge of water lev-
els is therefore necessary. In Israel, on the other hand,
groundwater pumping is centrally managed by a far
off ministry and the local population has little or no
input. Their awareness therefore of the important
linkage of groundwater to the health of the Dead Sea
may be minimal as well as to ground water levels in
general.

Any integrated management plan for the Dead Sea
basin will require by default some form of coopera-
tion by the riparians. It is therefore important to as-
sess the willingness of the population to work to-
gether in achieving this aim. The following data
sought to address the level to which the population of
the basin is willing to work together. In the data pre-
sented in table 9.14, respondents were asked to con-
sider who they felt to be the most responsible for the
Dead Sea’s decline. They were offered the following
categories: Palestine, Jordan, Israel, All of the coun-
tries, None of the countries, Don’t Know.

A large percentage of all respondents said that Israel
was to blame (26 % of Israelis, 42 % Palestinian and
23 % Jordanians). However, many also said that all the
countries were to blame (41 % Israelis, 37 % Palestini-
ans, 36% Jordanians). It is not surprising that many
feel that Israel is to blame as it is the hegemonic water
user in the basin. Nevertheless it is also encouraging
that many consider all of the countries equally respon-
sible. This is an optimistic assessment on which an in-
tegrated management plan could be built.

Finally, we asked the respondents their viewpoint
on cooperation in the basin (table 9.15). The over-
whelming response was yes; cooperation with the

neighbours is favored in helping to address the de-
cline of the Dead Sea. With such data in hand, one
may now begin to move forward on exactly how such
cooperation will come about as the data lead toward
some kind of a mandate by the public for coopera-
tion.

9.7 Focus Group Meeting Results

9.7.1 Water Shortages

All of the participants from all of the FGMs agreed
that there is a water shortage in the area both in terms
of quality and quantity. However, the understanding
about the reasons and implications of this water
shortage varied. For instance, the private farmers in
Jordan whose water is supplied regularly by the Jordan
Valley Authority believe that the shortages they expe-
rience are not critical and are due mainly to the lack
of maintenance or technology. Conversely, their scien-
tific and governmental counterparts are aware that
the region is in fact water scarce along with under-
standing the reasons for this both in terms of water
diversion projects in the upper Jordan watershed and
regional climatological and meteorological condi-
tions. 

The participants from Palestine believe that they
experience water shortages due to both their location
within the Eastern Mediterranean region and the cur-
rent geopolitical situation. Additionally, they believe
that the lack of integrated trans-boundary water man-
agement has added to the uneven allocation of
resources.

The Israeli residents from the Dead Sea Basin also
see the water shortage problem as one of allocation as
there is competition for resources mainly between
industry and agriculture.

Table 9.14: In Your Opinion, the Entity Most Responsible
for the Dead Sea's Decline Is…

In your opinion, the entity most responsible for the 
Dead Sea's decline is…

IL PA JO

PA 1.8 3.6 3.1

JO 6.7 0.7 18

IL 26 41.6 23

All 41 36.5 36

None 6.7 3.7 5.8

Don't know 18 13.9 14

100 100 100

Table 9.15: It Is Important to Cooperate with Your
Neighbors in Managing the Dead Sea

It is important to cooperate with your neighbors in 
managing the Dead Sea

IL PA JO

Agree 95 79.8 72

Neutral 3.7 10.4 11

Disagree 1.2 9.8 18

100 100 100
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9.7.2 The State of the Dead Sea

All the participants believe that without intervention
the future of the Dead Sea is precarious. The disap-
pearance of the Dead Sea will damage the region not
only economically but psychologically as well in terms
of the loss of a unique ecosystem. Thus all partici-
pants agreed that any solution to the decline in the
Dead Sea must be on a national (respectively) level
with a balance met between industrial, agricultural
and private needs, with the Jordanian scientific repre-
sentatives noting that the solution must be holistic as
the issue has an impact at both the regional and na-
tional levels.

The Palestinian representatives believe that the
decline of the Dead Sea Basin is mainly due to the uni-
lateral management of the Jordan River by Jordan and
Israel. While the participants from the scientific com-
munity in Jordan assert that it is also due to decreased
precipitation and the diversion of surface water bod-
ies in the upper part of the watershed. 

The farming representatives from both Jordan and
Israel mentioned the diversion of water resources to
serve the industries (chemical, tourism) within the
area playing a major role in the sea’s decline. Moreo-
ver the Jordanian farmers felt that while there are
some negative impacts such as lack of humidity and
the appearance of sinkholes, they also believe that
there are potential benefits in the way of increased
land for agriculture.

9.7.3 The Role of Agriculture

With regard to the role of agriculture in the decline of
the Dead Sea and the future of agriculture in the area,
there were differing opinions and beliefs. Most partic-
ipants agreed that current practices are not the most
water efficient and changes need to happen both in
terms of crops being grown (Jordan no longer grants
licences to high water consumption crops like ba-
nanas) and technology being used. 

Though drip irrigation is already currently used,
there is a need for more education about additional
water resource alternatives. For instance the Jordanian
farmers were not aware of the possibility of using
treated wastewater to irrigate their crops. After a brief
description was given of this technology, they were
mostly opposed as they felt it would harm their crops
marketability. It is clear that there is a need for more
information and education about alternatives to be
disseminated from the “experts” (i.e. policy-makers

and scientists) to the practitioner in order to imple-
ment lasting change.

Current agriculture depends on European markets
where prices change rapidly, thus making it difficult
for farmers to make long term plans. This economic
instability also creates uncertainty about the future of
agriculture on a local level, as the younger generations
do not necessarily have the desire/ability to carry on
the family business. There is the additional belief of
the farmers, both from Jordan and Israel, that agricul-
ture will become more industrialized in the future
with the number of farmers decreasing as the size of
farms grow. 

Most participants were of the opinion that invest-
ment in new technologies (desalination, treated waste
water) as well as new industry (biotechnology, gyp-
sum, tourism) would serve this region both in terms
of water conservation and as way to increase the eco-
nomic viability of the communities living within the
region.

9.7.4 Red Sea-Dead Sea Canal

At this point it is not clear whether this project is a re-
ality due to the high cost and potential environmental
impact of such a project. If the canal is built the role
that it will play in the region will depend on the par-
ticular point of view of each stakeholder. The impact
on the various stakeholders is not yet clear, and will
be clarified with the aid of the feasibility studies to be
carried out soon by the World Bank. However, the
World Bank’s studies will not include social and envi-
ronmental impacts so the comprehensiveness of such
studies is in some doubt.

The farmers in Jordan were interested in the
project but expressed concern about their land being
damaged. The Palestinians on the other hand have re-
jected the project in spite of their attempts to support
the Jordanians without affecting their water rights and
the final status negotiations with the Israelis. Their re-
jection was a response to the Israeli position towards
considering the Palestinians as beneficiary partners in
the project and not as full partners. The participants
believe that the project will not be implemented with-
out the acceptance of the three parties as required by
the World Bank. 

9.7.5 New Water Investment

Aside from the proposed Red Sea-Dead Sea Canal,
desalination, dams, artificial recharge of the aquifers,
micro scale water management, improvements in irri-
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gation technologies and the reuse of treated wastewa-
ter were mentioned as areas for further development.
However it was also noted that it is imperative to in-
vest in education: not only to educate the public, and
future generations, about water shortages but also to
raise awareness about implications of not conserving
this resource and to provide effective methods for
conservation.

The case of treated waste water serves to highlight
the disparity in knowledge and awareness between
the public and the scientific community: the scientists
and environmentalists are all in agreement that the re-
use of treated waste water should become standard
procedure in agriculture whereas the local farmers
were less sure of the concept, especially in Jordan.
The perceived stigma of irrigating crops with treated
waste water is a concern among farmers who consider
the practice to adversely effect the acceptance and
price of their crops in overseas markets. Social under-
standing of the farmer’s point of view needs to go
hand in hand with investment to spread awareness
about potential new water sources and to allay any
concerns or questions the farmers and public may
have.

9.7.6 Cooperation

While the future of the Dead Sea Basin is unclear, it is
clear from the responses of the stakeholders that any
resulting cooperation that will occur between the
three nations involved must be of obvious benefit to
all those involved. 

The benefits, for example, to Palestinians and Jor-
danians of working with Israel, a country with high
water productivity and water saving in agriculture,
could lead to exchange in the technologies and the
know-how of efficient agriculture. This could come as
a benefit to the whole water thirsty region. The Israeli
farmers, for their part, would need assurance that a
genuine division of the resources between the states is
not a threat to the Jewish settlements in the area, as is
their concern about finding a solution with Palestine.

It is the belief/hope of the Israeli and Jordanian
environmentalists and policy makers, at least, that the
cooperation would result in a more stable region,
bringing in more settlement, investment to the area
and helping the economies of the region. 

9.8 Discussion

People think differently about water. Differences and
similarities can be found among Israelis, Palestinians
and Jordanians. The data also reveal a complex pic-
ture where in some cases there is agreement on issues
while on other topics there is disagreement.

The results from both the survey and the focus
groups are meaningful. Besides providing insight into
the water culture of the three countries, they offer in-
sight into what kinds of policies may be acceptable for
the management of the Dead Sea. For example, edu-
cation programs and conservation campaigns that
consider the viewpoint of the public and the various
stakeholders may prove to be more successful than
those that do not consider these views.

In many cases the data reveal more questions than
answers, specifically from the survey data. But per-
haps what the data do offer is what questions need to
be asked next and in what direction one should be
headed in formulating an integrated management
plan for the Dead Sea. Teasing apart the reasons be-
hind the responses presented in this paper will require
more in-depth anthropological and sociological study.
What has simply been revealed here is the complexity
inherent in a society where one’s social context is an
important predictor or “shaper” of one’s perceptions
and attitudes about water. What one can say is that so-
ciety, any society, should not be seen as a homoge-
nous unit, as was once considered by early anthropol-
ogists, but that there are important individual differ-
ences within a society. This is especially germane for
a transboundary water resource such as the Dead Sea
basin. I suggest therefore that policy makers take a
closer look at the heterogeneity in society and the
ways in which this heterogeneity shapes perceptions
and attitudes. 

Institutional, social, gender and economic issues
related to water management options for the Dead
Sea basin are thus far more complex than what is cur-
rently envisioned by engineers and policy makers.
These issues need to be addressed adequately to
achieve equitable and sustainable water management.
As we tease apart the many layers by which people in
any society act and interact, we need a greater degree
of precision on how people think about an issue. 

In the case of the Middle East in general and the
Dead Sea basin in particular, the centralization of the
water management system provides policy makers
with a clouded lens on how people respond to cur-
rent policies of water management. This lens hampers
consideration of new policy structures, including
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more “disaggregated” (often more local) policies that
may be highly effective. This study provides a starting
point for such disaggregation by considering the wa-
ter culture of communities as the foundation upon
which to build sustainable water policies—rather than
as passive end points of a centrally determined sys-
tem.
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Abstract

The Dead Sea is a severely disturbed ecosystem, greatly damaged by anthropogenic inter-
vention in its water balance. Since the beginning of the 20th century, the Dead Sea level
have dropped by more than 20 meters, and presently (2006) it is about 419 meters below
mean sea level. The rate of water level drop over the last 10 years is about 1.0 m/yr, repre-
senting an annual water deficit of about 650 million cubic meters. The sharp level drop
reflects the annual interception by riparian countries of over 1000 million cubic meters of
freshwater which in the past drained to the Dead Sea. In addition to the water interception
upstream, the Israeli and Jordanian mineral industries contribute to this deficit by arti-
ficially maintaining extensive evaporation surfaces in the otherwise now dried southern
Dead Sea basin. 

Three alternatives for the future of the Dead Sea exist and need to be examined:

1. Maintaining the present situation. The Dead Sea level is expected to decline further to
around -550 m, when a new equilibrium between inflow and evaporation will be
reached.

2. Changing the regional water policy whereby freshwater from the Jordan and the Yar-
mouk river systems will be diverted back to the Dead Sea. In view of the severe regional
water deficiency, such a program requires unprecedented regional cooperation and
investments to compensate for the freshwater that will be diverted back to the Dead
Sea.

3. Construction of the ‘Peace Conduit’ that will convey seawater and/or reject brine after
desalination, into the Dead Sea. Such a plan has already been announced by Israel and
Jordan in 2002 during the Johannesburg World Summit on sustainable development. 

The renewed interest by Israel and Jordan in the construction of the ‘Peace Conduit’ is
due to a number of related issues: (1) a growing concern that the Dead Sea must be ‘saved’.
(2) The possibility of utilizing the proposed conduit for desalinization of the inflowing sea-
water, thereby providing freshwater to the surrounding entities. (3) The development of in-
frastructure and tourist facilities around the lake has been adversely affected due to the re-
ceding shoreline and the danger presented by the regional collapse of the infrastructure.
All parties acknowledge that the ‘Peace Conduit’ is an ambitious project that is bound to
change the Dead Sea and its surroundings. While the project has the potential to stop and
possibly restore damaging processes that currently occur in the Dead Sea and its surround-
ing, mixing of seawater in the Dead Sea may also lead to undesired changes in the lake.
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The impact of changes on the Dead Sea and its surroundings needs to be carefully evalu-
ated before a final decision is made. 

Keywords: Dead Sea water balance, water level, Peace Conduit, desalinization, gypsum
precipitation, microbial blooming, sustainable development, Israel, Jordan.

10.1 Introduction

The Dead Sea is a hypersaline terminal lake located in
the Dead Sea Rift valley which developed along the
Dead Sea Transform (figure 10.1). Its water level is the
lowest surface on earth and is currently (year 2006)
419 m below mean sea level (-419 m). At its deepest
place the lake is over 300 meters deep, making it the
lowest terrestrial place on Earth (-730 m). The Dead
Sea brine is characterized by high salinity (TDS >340
g/l), high density (>1.236 kg/l) and a unique composi-
tion. Over the last several thousands of years the wa-
ter level of the lake fluctuated around -400 m (Stein
2002; Bookman et al. 2004). This elevation coincides
with the elevation of the sill that divides between the
shallow southern basin of the lake and the much
deeper northern basin. Higher water levels were at-
tained during rainy periods when the lake extended
into the southern basin and the surface water was di-
luted. Lower levels reflect dry periods, with negative
water balance and large area shrinkage, including the
drying out of the southern basin. The smaller surface
area and higher salinity results in a drastic decrease in
evaporation which serves to buffer further lake level
drop. 

10.2 Recent and Future Changes in the 
Dead Sea

Since the beginning of the 20th century, the Dead Sea
level has dropped by more than 20 meters (figure
10.2). The decline in the Dead Sea level is a manifes-
tation of the negative water balance of the lake,
whereby evaporation greatly exceeds inflow (Gavrieli/
Oren 2004). It reflects the annual interception by
riparian countries of over 1000 million cubic meters
(MCM) of freshwater which in the past drained to the
Dead Sea. The intercepted water is diverted from
Lake Kinneret to the Israel National Water Carrier
and from the Yarmuk River by Syria and Jordan. The
latter constructed the King Abdullah Canal which
runs along the eastern side of the Jordan Rift Valley
and supplies water for irrigation. Additional water is
captured upstream of the Sea of Galilee by Lebanon

and from smaller tributaries either draining to the
Lower Jordan River or directly to the Dead Sea. 

In 1976, when the lake level reached an elevation
of -400 m the southern basin dried up (Steinhorn et
al., 1979; figure 10.3). A few years later, in 1979, the
Dead Sea water column overturned and mixed (Stein-
horn 1985), ending a period of about 300 years of
stratification (Stiller/Chung 1984), whereby the upper
water column of the lake was relatively diluted while
the lower brine was more concentrated (Neev/Emery
1967). Since then the Dead Sea experiences mostly

Figure 10.1: Location Map of the Dead Sea.
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annual stratification and overturns, while its salinity
rises (Anati/Stiller 1991; Gertman/Hecht 2002). 

The average rate of water level drop over the last
few years is about 1.0 m/yr, denoting an annual water
deficit of about 650 MCM. About 200–250 MCM/yr
of this deficient, accounting for about 35 cm/yr water
level drop, is attributed to the activities of the Israeli
and Jordanian mineral industries that are based on
the Dead Sea. These industries pump together 450–
500 MCM from the Dead Sea into the evaporation
ponds located in the southern basin, where halite
(NaCl) and carnallite (KMgCl3·6H2O) precipitate. At
the end of the process less than 200 MCM of concen-
trated brines (density = 1.35 kg/l; TDS = 500 g/l) are
returned to the Dead Sea. 

10.3 The Future of the Dead Sea 

If the current situation prevails, the Dead Sea level is
expected to continue to decline. Models and thermo-
dynamic calculations proposed by Yechieli et al.
(1998) and Krumgalz et al. (2000), respectively, for
the future evolution of the lake suggests that under
current conditions the lake level will continue to de-
cline but will approach a steady state at an elevation
of about -550 m, i.e. ~130 m below the present level
(figure 10.4). The rapid water level decline will con-
tinue during the coming decades but will begin lev-
eling off within a few hundred years. A steady state
level will be approached when the evaporation will be
compensated by inflowing water. Such conditions will
be achieved due to the combined effect of diminish-

ing surface area and decrease in evaporation rate due
to the increasing salinity of the brine. 
Over the last decade hundreds of sinkholes developed
along the shores of the Dead Sea and large areas are
subsiding. This phenomenon, which has major eco-
nomic and safety implications, is linked to the drop in
the level of the Dead Sea and subsurface salt dissolu-
tion (Wachs et al. 2000; Yechieli et al., 2006; Baer et
al. 2002; Abelson et al. 2003). The rapid drop in the
water level results in rapid geomorphological changes,
which lead to damages in the surrounding infrastruc-
ture, mainly to roads and bridges (Avni et al. 2003).
Thus, the Dead Sea area, which has major economic,
tourist and environmental potentials, is in fact being
neglected. This makes future planning difficult and
needs to be reconsidered. 

Three alternatives for the future of the Dead Sea
exist and need to be examined:

1. Maintaining the present situation and allowing the
water level to continue to decline until the above-
described steady state level is attained. 

2. Changing the regional water policy whereby fresh-
water from the Jordan and the Yarmouk river sys-
tems will be diverted back to the Dead Sea. In
light of the severe regional water deficiency, such
a program requires unprecedented regional coop-
eration and investments to compensate for the

Figure 10.2: Dead Sea water levels: 1800–2000. Source:
After Gavrieli et al., 2005

?

Figure 10.3: Comparison between the Dead Sea at the
beginning of the 20th and 21st centuries.
Source: After Gavrieli et al., 2002
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freshwater that will be diverted back to the Dead
Sea.

3. Conveying seawater from the Red Sea to the Dead
Sea via the proposed ‘Peace Conduit’. Such a plan
has already been announced by Israel and Jordan
in 2002 during the Johannesburg World Summit
on sustainable development. However, the envi-
ronmental impact of this project needs to be fur-
ther examined, evaluated and quantified before a
final decision is made. 

10.4 The ‘Peace Conduit’ 

The interest in the construction of a canal/pipeline
between the Red Sea and the Dead Sea, termed lately
as the ‘Peace Conduit’, is due to a number of related
issues: (1) a growing public concern that the Dead Sea
must be ‘saved’ in order to maintain the scenic beauty
of the area and preserve its historical and environmen-
tal uniqueness for future generations. (2) The possibil-
ity of utilizing the proposed ‘Conduit’ for desaliniza-
tion of the inflowing seawater, thereby providing

freshwater to the surrounding entities. This aspect of
the project is particularly attractive to Jordan, which
suffers from a major water shortage as its main con-
sumption centers are far away from any coastline. (3)
The difficulty of developing the area around the Dead
Sea due to the uncertainty imposed by the receding
shoreline and the danger presented by the regional
collapse of infrastructure described above. 

The first to propose a canal between the sea and
the Dead Sea was William Allen, who in 1855 sug-
gested the use of such canals as a waterway connect-
ing the Mediterranean with the Red Sea (Allen 1855).
Some 50 years later Herzl (1902) envisioned a canal
between the Mediterranean and the Dead Sea that
would serve as a hydroelectric power source. This vi-
sion was also the foundation for the Mediterranean
Sea – Dead Sea Company, which following the 1973
energy crisis funded diverse feasibility studies to eval-
uate the economic, environmental and engineering as-
pects of such a canal (Mediterranean Sea-Dead Sea
Company 1984). More recently, following the peace
treaty between Israel and Jordan, a pre-feasibility
study was conducted to study a proposed Red Sea-

Figure 10.4: Predicted changes in the water level of the Dead Sea for different water inputs (in 106 m3/yr). All cases
assume continued evaporation from the evaporation ponds of the potash industries. Source: after Yechieli
et al. (1998)
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Dead Sea Canal (RSDSC). The principal objective of
this project was to utilize the 400 meter elevation dif-
ference between the seas to desalinize seawater on the
shores of the Dead Sea by reverse osmosis. The study
concluded that the project is financially and environ-
mentally feasible and can produce (with the invest-
ment of additional external energy) 800 to 850 MCM
of desalinated water annually. The reject brine coming
out from this plant is to be discharged to the Dead
Sea (Harza JRV Group 1996). 

During the Johannesburg 2002 World Summit on
Sustainable Development the two countries jointly an-
nounced their mutual commitment to the project.
The primary aim of the project, as stated in the an-
nouncement, is to save the Dead Sea through stabiliz-
ing its level. Desalinization of seawater is a potential
by-product of this proposed ‘Peace Conduit’ project. 

It should be emphasized that the implementation
of the ‘Peace Conduit’ differs from intervention with
an undisturbed natural ecosystem: the Dead Sea basin
experiences major man-induced physical and infra-
structure changes that have accelerated over the past
thirty years due to the rapid water level decline. The
project has the potential of stopping and even revers-
ing the undesired environmental processes that cur-
rently occur in the basin. Yet, there is a possibility that
the mixing of seawater in the Dead Sea brine may also
bring about undesirable changes to the Dead Sea. Ad-
ditional environmental aspects need also be consid-
ered: pumping of huge volumes of seawater from the
Gulf of Eilat may harm the ecosystem at the tip of the
gulf, while leakages from the Conduit pose a saliniza-
tion threat to the groundwater in Wadi Arava. Below
we outline the expected changes to the limnology of
the Dead Sea due to seawater mixing. These changes
will need to be quantified through an integrated lake-
model, put into a time frame and weighed against the
benefits of the project. The impact of the ‘Peace Con-
duit’ on the Gulf of Eilat and Wadi Arava are subjects
of other, independent studies. 

10.5 Impact of Seawater Mixing in the 
Dead Sea

Following is a summary of the identified changes in
the limnology of the Dead Sea that will accompany
the inflow of seawater into it. These are discussed in
details in Gavrieli et al. (2002, 2005). It should be
kept in mind that other changes that have not yet
been identified might also take place.

Stratification of the water column: During the filling
period of the lake to the desired level, mixing of sea-
water and Dead Sea brine will lead to formation of a
stratified water column with a diluted surface layer,
composed of a mixture of Dead Sea brine and seawa-
ter, and a lower water body with salinity similar to
that of current Dead Sea. The dilution and continu-
ous decrease in surface water density will continue
throughout the filling period. The rate at which the
density will decrease will be determined by the rate of
inflow and depth of stratification. Once the desired
lake level has been attained, inflow will be controlled
so that it will only compensate for evaporation. The
density of the upper water at this stage will begin to
increase due to accumulation of seawater-derived
salts. Its density will increase until it attains the den-
sity of the lower water column and overturn will oc-
cur. From this stage onward, the density of the entire
water column will increase and the development of
periodic stratification will depend primarily on the
mode of operation. 

Stratification of the Dead Sea water column is not
a new phenomenon in the Dead Sea (Neev/Emery
1967; Anati/Stiller 1991; Gertman/Hecht 2002) and in
itself will not have a negative environmental impact,
provided that the composition and density of the up-
per water body would not alter to the degree that the
Dead Sea would loose its uniqueness. Current know-
ledge, however, does not allow us to determine either
the depth of stratification and mixing ratio, or the
composition and change in density of the upper water
body. These depend on numerous physical and oper-
ational parameters which will have to be modeled in
the dynamic-limnological model and considered when
planning the Conduit. 

Precipitation of gypsum: Mixing between the cal-
cium (Ca2+) – rich Dead Sea brine and the sulfate
(SO42-) – rich seawater will result in precipitation of
gypsum (CaSO4·2H2O) (Levy 1984; Levy/Kushnir
1981; Katz et al. 1981). Kinetic effects will determine if
the gypsum will precipitate continuously or if the
incoming sulfate will accumulate in the mixture and
precipitate periodically once over-saturation attains a
critical value. The rate at which the gypsum crystals or
agglomerates settle from the upper water column will
determine if, how, and to what extent the turbidity of
the water column will increase. The most extreme
case is that of ‘whitening’ of the surface water for pro-
longed periods of time. An increase in surface water
turbidity is not a desired outcome of the project
because it may be accompanied by local climatic
changes due to changes in the reflectivity of the
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water’s surface and may also impact negatively on the
visual attractiveness of the Dead Sea. It is still to be
determined at what point, if at all, turbidity becomes
unbearable to the extent that it could hamper the
project. It should be noted, however, that small-scale
field studies conducted in the past do not support a
scenario of prolonged whitening. Some laboratory
experiments, however, do suggest that this phenome-
non is nonetheless possible. 

Microbial blooming: Field studies indicate that dilu-
tion of the Dead Sea brine by 10 per cent and the ad-
dition of phosphate, which is a limiting nutrient in the
Dead Sea, initiate algal and bacterial blooming
(Oren/Shilo, 1985; Oren et al., 2004). In desaliniza-
tion plants, anti-scaling agents, usually based on phos-
phate, are common additives. Thus, it is essential that
the anti-scaling additives in the desalinization plant en-
visioned for the Dead Sea will not be phosphate-
based. However, this does not ensure that microbial
blooming will not occur just as a result of the dilution
of the upper water column. Algal and bacterial bloom-
ing has been observed in the Dead Sea in the past, fol-
lowing particularly rainy winters, when the upper wa-
ter column was diluted (Oren 1993). Blooming lasted
for several weeks during which the Dead Sea had a
reddish hue. Quantitative information on the biologi-
cal properties of the lake prior to 1980 is virtually ab-
sent except for a single report that describes high mi-
crobial densities in surface water in 1964. The
duration of blooming events that may take place in
the Dead Sea following the continuous introduction
of seawater and the consequent dilution of the sur-
face water and change in its composition has never
been studied and is uncertain. Occurrence of mi-
crobial blooms will have both limnological and indus-
trial consequences that must be examined carefully.
The basic assumption is that algal and bacterial
blooming is not desired in the Dead Sea just as it is
not desired in any other open water system. It will im-
pact on the ecology of the Dead Sea and its surround-
ings, decrease the attractiveness of the lake, which will
cease to be ‘dead’, and will have negative impact on
the potash industries. Here too it is not possible yet
to define if or at what point the increased turbidity of
the water due to blooming becomes unbearable to the
extent that it could hamper the project.

Increased rate of evaporation: Water balance calcula-
tions constitute an integral and crucial part in the
proper planning and management of the ‘Peace Con-
duit’. Yet even the present-day water balance of the
Dead Sea is not agreed upon (Lensky et al. 2005).
One of the most critical factors in the calculation of

the water balance is the rate of evaporation, for which
estimates range between 1.05 and 2 m/yr (e.g. Stanhill
1994; Salameh/El-Naser 2000). Dilution of the sur-
face water due to the inflow of seawater will invaria-
bly increase the rate of evaporation and will have a
major impact on the required capacity of the ‘Peace
Conduit’. Increased turbidity of the upper water col-
umn due to possible suspended gypsum crystals and/
or microbial blooming may increase evaporation rates
even more than what would be expected from dilu-
tion alone. If, on the other hand, the gypsum concen-
trates at the surface, the evaporation rate may in fact
decrease due to changes in the Dead Sea’s reflectivity.

Development of anoxic conditions in the lower wa-
ter column: The development of long-term stratifica-
tion of the Dead Sea water column will lead to the re-
moval of oxygen and development of anoxic
conditions in the lower water column. Under these
conditions the anoxic lower water column may have
dissolved H2S, elevated levels of iron (Fe2+) and other
trace metals at lower concentrations. Similar condi-
tions existed in the Dead Sea prior to the 1979 over-
turn of the water column that ended the stratification
that lasted for hundreds of years (Neev/Emery 1967).
However, at that time, the anoxic brine was not
brought to the surface. The potash industry (only the
Israeli Dead Sea Works Ltd. existed at the time)
pumped its brine from the less saline surface layer. In
the context of the ‘Peace Conduit’ and expected dilu-
tion and compositional changes in the surface water,
the potash industries would most likely prefer to
pump brine from the concentrated lower water body.
Exposure of large volumes of anoxic brine (hundreds
of million cubic meters per year) to the atmosphere in
the feeding canals and the evaporation ponds will be
accompanied by release of sulfur gasses (H2S). This,
as well as the presence of iron and other trace metals
in the brine, may have an environmental impact and
can impair the industrial processes. It is therefore im-
portant to determine if it will be possible to overcome
the above impacts through development of appropri-
ate industrial methods. 

Infrastructure collapse and sinkholes: The rise in
Dead Sea level will lead to re-flooding of large areas
where sinkholes have developed. Many of the areas
that currently experience collapse and destruction
(Baer et al., 2002; Abelson et al., 2003, 2004) will
again be covered by water. Water from the upper wa-
ter column, which will be unsaturated with respect to
halite, will replace freshwater in the subsurface. Thus,
some exposed parts of the shorelines will still be sus-
ceptible to development of sinkholes because of halite
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dissolution and development of cavities in the subsur-
face. However, over the long run, with the gradual
rise in salinity in the entire Dead Sea system, these
processes will slowly come to a standstill. 

To conclude, the ‘Peace Conduit’ will have both posi-
tive and negative impacts on the future evolution of
the Dead Sea. Based on current knowledge, the vari-
ous aspects of Dead Sea – seawater mixing discussed
above do not provide grounds for overall negation of
the proposed project. Yet, the final decision regarding
the implementation of the ‘Peace Conduit’ needs to
take into consideration the expected changes in the
Dead Sea following the discharge and mixing of sea-
water. The ‘Peace Conduit’ can potentially reverse
processes of environmental degradation that have re-
sulted from the diversion of freshwater from the Jor-
dan River and other tributaries. Also, the contribution
to regional cooperation and the consolidation of
peace is of major significance. Yet, based on current
knowledge it is not possible at this stage to quantify
expected changes in the Dead Sea and therefore their
environmental, industrial and economical outcome
cannot be assessed. Such examination requires quanti-
fication of the processes described above and their in-
terdependencies in the long run. A long-term complex
forecast and integration of these processes is possible
only through a dynamic limnological model. Such a
model is currently being developed in the Geological
Survey of Israel (Ministry of National Infrastructure).
The environmental and economic assessments that
will be based on the outcome of the model will pro-
vide decision makers with the information required to
determine and shape the future of the proposed
‘Peace Conduit’ project. 

10.6 Summary and Conclusions

The Dead Sea is a severely disturbed ecosystem,
greatly damaged by anthropogenic intervention in its
water balance. Since the 20th century, the Dead Sea
level has dropped by more than 20 meters, and at
present (year 2006) it is about 419 meters below mean
sea level. Three alternatives for the future of the Dead
Sea exist and need to be examined:

1. Maintaining the present situation. The Dead Sea
level is expected to decline further to around -550
m, when a new equilibrium between inflow and
evaporation will be reached.

2. Changing the regional water policy whereby fresh-
water from the Jordan and the Yarmouk river sys-
tems will be diverted back to the Dead Sea. In

view of the severe regional water deficiency, such
a program requires unprecedented regional coop-
eration and investments to compensate for the
freshwater that will be diverted back to the Dead
Sea.

3. Construction of the ‘Peace Conduit’ that will di-
vert seawater and/or reject brine after desalina-
tion, into the Dead Sea. Such a plan has already
been announced by Israel and Jordan during the
Johannesburg World Summit on sustainable devel-
opment. 

The implementation of the ‘Peace Conduit’ differs
from intervention with an undisturbed natural ecosys-
tem. The project has the potential of stopping unde-
sired environmental processes that currently occur in
the basin such as the decline in lake level, retreat of
the shoreline, and the collapse of the surrounding in-
frastructure. However, the mixing of seawater in the
Dead Sea brine has the potential of bringing about
changes, some of which are undesirable, to the Dead
Sea with significant negative environmental and eco-
nomic impacts. These changes include renewed strat-
ification of the water column, precipitation of gypsum
upon mixing, change in rate of evaporation, microbial
blooming in the diluted surface waters, development
of anoxic conditions in the lower water column and
on the long run, change in the composition of the
Dead Sea brine. It is imperative that these changes be
quantified in an integrative dynamic limnological
model and evaluated before a decision is taken regard-
ing the implementation of the ‘Peace Conduit’. 
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Abstract

Joint efforts of Israeli, Jordanian, Palestinian, Dutch, and American experts have produced
an optimizing model for water management, infrastructure analysis, and conflict resolu-
tion. That model – ‘WAS’, for ‘Water Allocation System’ – applies economic analysis,
broadly defined, to the solution of water problems. It provides a systematic and system-
wide method for analyzing water policies, infrastructure, negotiations, and conflict resolu-
tion.

• Infrastructure questions investigated include the necessity of desalination on the Med-
iterranean Coast and – for Jordan – the somewhat complicated interrelations of the var-
ious projects being considered to alleviate the coming water crisis in Amman (including
the Disi fossil aquifer and the oft-discussed Red Sea-Dead Sea Canal.)

• It is shown how the WAS model can assist negotiations. Estimates of the effects of the
water loss to Israel in the event of a return of the Golan to Syria or the pumping of the
Hasbani by Lebanon show the effects to be small.

• The possible effects of Israeli-Palestinian cooperation in water are evaluated and shown
to be a win-win situation for both parties.

The WAS model provides a powerful tool for domestic infrastructure analysis. More
importantly, water is shown not to be worth war and to be a potential source of coopera-
tion.

Keywords: Conflict Resolution, Cooperation, Cost-Benefit Analysis, Negotiations, Opti-
mal Management

1 This paper owes much to the book by: Fisher/Arlosoroff/Eckstein/Haddadin/Hamati/Huber-Lee/Jarrar/Jayyousi/
Shamir/Wesseling (2005) which gives a much fuller discussion. An earlier version of some of the material was published
as Fisher/Arlosoroff/Eckstein/Haddadin/Hamati/Huber-Lee/Jarrar/Jayyousi/Shamir/Wesseling (2002). See also Fisher
(2002). All tables and figures are reprinted with permission from Fisher, et. al (2005).
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11.1 Thinking about Water: The 
Fishelson Example

So important is water that there are repeated predic-
tions of water as a casus belli all over the globe. Such
forecasts of conflict, however, stem from a narrow
way of thinking about water.

Water is usually considered in terms of quantities
only. Two (or more) parties with claims to the same
water sources are seen as playing a zero-sum game.
The water that one party gets is simply not available
to the other, so that one party’s gain is seen as the
other party's loss. Water appears to have no substitute
save other water.

But there is another way of thinking about water
problems, a way that can lead to dispute resolution
and to optimal water management. That way involves
thinking about the value of water and shows that wa-
ter can be traded off for other things.

The late Gideon Fishelson, an outstanding econo-
mist of Tel Aviv University, once remarked that “Wa-
ter is a scarce resource. Scarce resources have value,
and, no matter how much one values water, one can-
not value it at more than its cost of replacement.”2 He
went on to point out that desalination of seawater
puts an upper bound on the value of water to any
country that has a seacoast. Consider, then, the fol-
lowing example:3

A major part of the conflicting water claims of Is-
rael and Palestine4 consists of rival claims to the water
of the so-called Mountain Aquifer (see figure 11.1).
That water comes from rainfall on the hills of the
West Bank and then flows underground. Most of it
(even before there was a state of Israel) has always
been pumped in pre-1967 Israel, in or near the coastal
plain where the well depths are considerably less than
in the West Bank 

Now, the cost of desalination on the Mediterra-
nean Coast of Israel and Palestine is currently be-
tween 50 and 60 U.S. cents per cubic meter (m3). For

purposes of this example, I shall use 60 ¢/m3. Fishel-
son’s principle means that the value of water on the
Mediterranean Coast can never exceed 60 ¢/m3 (un-
less there are large changes in energy prices). But the
water of the Mountain Aquifer is not on the Mediter-
ranean Coast. To extract it and convey it to the cities
of the coast5 would cost roughly 40 ¢/m3. But that

2 In this paper, ‘valuing water’ means valuing molecules of
H2O. Particular water sources can, of course, be valued
for historical or religious reasons, but such value is not
the value of the water as water.

3 In this example, I have updated Fishelson’s calculation
to reflect current estimates.

4 The use of names is a sensitive subject. I do not intend
here to prejudge the ultimate outcome of the Israeli-
Palestinian conflict. I use the term, ‘Palestine’, out of
respect for my Palestinian colleagues, and because
nearly all sides now predict the existence of a Palestin-
ian state.

Figure 11.1: Simplified Map of the ‘Middle East’ (Israel,
Jordan, and Palestine), Its Major Water
Resources, and Major Conveyance
Infrastructure.
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means that the value of Mountain Aquifer water in
situ cannot exceed 20 ¢/m3 (60 ¢/m3 – 40 ¢/m3).

To put this in perspective, observe that 100 million
cubic meters (MCM) per year of Mountain Aquifer
water is a very large amount in the dispute. If the Pal-
estinians were to receive this, they would have nearly
double the amount of water they now have. But the
Fishelson calculation shows that 100 MCM/yr. of
Mountain Aquifer water is not worth more than $ 20
million per year.6 This is a trivial sum between na-
tions. Certainly, it is not worth continued conflict.

And it must not be thought that the desalination-
cost driven numbers are more than an upper bound.
We find below that desalination will not be cost-effec-
tive on the Mediterranean Coast for a number of
years except in times of very substantial drought. In
more normal times, the water of the Mountain Aqui-
fer is worth much less than 20 ¢/m3. 

11.2 The Water Economics Project

Fishelson’s remarks were a principal impetus to the
creation of the Water Economics Project (WEP).7

That project of which I am the chair is a joint effort
of Israeli, Jordanian, Palestinian, Dutch, and Ameri-
can experts). It is facilitated by the government of The
Netherlands with the knowledge and assent, but not
necessarily the full agreement, of the regional govern-
ments. The WEP has produced a tool for the rational
analysis of water systems and water problems. Its
goals are as follows:

1. To create models for the analysis of domestic
water systems. These models can be used by plan-
ners to evaluate different water policies, to per-
form cost-benefit analyses of proposed infrastruc-
ture taking system-wide effects and opportunity
costs into account, and generally for the optimal
management of water systems.

2. To facilitate international negotiations in water.
This has several aspects:

• The use of the Project’s models leads to
rational analysis of water problems. In particu-

lar, it separates the problems of water owner-
ship and water usage. In so doing, it enables
the user to value water ownership in money
terms (after imposing his or her own social val-
ues and policies). This enables water negotia-
tions to be conducted with water seen as some-
thing that can, in principle, be traded. Further,
since the Project shows that water values are
not, in fact, very high (partly because of the
availability of seawater desalination), the water
problem can be made a manageable one. (The
Project has had some success in promoting this
point of view among professionals, but it is cer-
tainly far from universally understood or
accepted.)

• Even using the Project's tools to investigate the
water economy of the user's own country, the
user can evaluate the effect of different water
ownership settlements. (By making assump-
tions as to the data, policies, and forecasts of
other parties, the user can also gain informa-
tion as to the effects on them.) This should
assist in preparing negotiating positions if the
ultimate agreement is to be of the standard
water-ownership-division type with no further
cooperation.

• Perhaps most important of all, the Project
shows clearly that continued cooperation in
water tends to be for the benefit of all parties.
Such cooperation in the form of an agreement
to trade water at model prices can lead to very
large gains to all participants (sellers as well as
buyers) and is a superior solution to the stand-
ard water-quantity-division agreement. Our
results show that there are very large benefits
to both Israel and Palestine from such an
arrangement. The gains are far larger than the
value of ownership of more or less of the dis-
puted water is likely to be.

• Beyond the economic gains of such an
arrangement are the gains from a flexible,
cooperative water agreement in which alloca-
tions change for everyone's benefit as situa-
tions change. Such an agreement can turn
water from a source of stress into a source of
cooperation.

In sum, the Project hopes to promote ‘outside-the-
box’ thinking about water problems and thus to re-
move them as an obstacle to peace negotiations. The
rest of this paper explains the ideas and some of the
results of the WEP in more detail. 

5 This example assumes that this would be the efficient
use of Mountain Aquifer water. Other cases are more
complicated but do not lead to qualitatively different
conclusions.

6 I use 100 MCM/yr. only as a metric. The qualitative
conclusion would be the same if one took 200, 300, or
more MCM/yr. All money values are in 1995 prices.

7 Formerly the Middle East Water Project (MEWP).
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11.3 Water Values, Not Water 
Quantities

Returning to Fishelson’s example, the result of the cal-
culation of the value of the water of the Mountain Aq-
uifer may seem surprising. But the really important in-
sight here is that one should think about water by
analyzing water values and not just water quantities.
This should not come as a surprise. After all, econom-
ics is the study of how scarce resources are or should
be allocated to various uses. Water is a scarce re-
source, and its importance to human life does not
make its allocation too important to be rationally
studied. 

In the case of most scarce resources, free markets
can be used to secure efficient allocations. This does
not always work, however; the important results
about the efficiency of free markets require the fol-
lowing conditions:

1. The markets involved must be competitive consist-
ing only of very many, very small buyers and sell-
ers.

2. All social benefits and costs associated with the
resource must coincide with private benefits and
costs, respectively, so that they will be taken into
account in the profit-and-loss calculus of market
participants. 

Neither of these conditions is generally satisfied when
it comes to water, partly because water markets will
not generally be competitive with many small sellers
and buyers, and partly because water in certain uses –
for example, agricultural or environmental uses – is of-
ten considered to have social value in addition to the
private value placed on it by its users. The common
use of subsidies for agricultural water, for example,
implies that the subsidizing government believes that
water used by agriculture is more valuable than the
farmers, themselves, consider it to be.

This does not mean, however, that economic anal-
ysis has no role to play in water management or the
design of water agreements. One can build a model of
the water economy of a country or region that explic-
itly optimizes the benefits to be obtained from water,
taking into account the issues mentioned above.8 Its
solution, in effect, provides an answer in which the

optimal nature of markets is restored and serves as a
tool to guide policy makers.

Such a tool does not itself make water policy.
Rather it enables the user to express his or her prior-
ities and then shows how to implement them opti-
mally. While such a model can be used to examine the
costs and benefits of different policies, it is not a sub-
stitute for, but an aid to the policy maker.

It would be a mistake to suppose that such a tool
only takes economic considerations (narrowly con-
ceived) into account. The tool leaves room for the
user to express social values and policies through the
provision of low (or high) prices for water in certain
uses, the reservation of water for certain purposes,
and the assessment of penalties for environmental
damage. These are, in fact, the ways that social values
are usually expressed in the real world.

First briefly the theory behind such tools is out-
lined as applied to decisions within a single country.
Then the implications for water negotiations and the
structure of water agreements are considered and ex-
amples are given drawn from the analysis of water in
the Middle East.

11.4 The WAS Tool

The tool is called WAS for ‘Water Allocation System’.
At present, it is a single year, annual model, although
the conditions of the year can be varied and different
situations evaluated. The country or region to be stud-
ied is divided into districts. Within each district, de-
mand curves for water are defined for household, in-
dustrial, and agricultural use of water. Extraction from
each water source is limited to the annual renewable
amount. Allowance is made for treatment and reuse
of wastewater and for interdistrict conveyance. This
procedure is followed using actual data for a recent
year and projections for future years.

Environmental issues are handled in several ways.
Water extraction is restricted to annual renewable
amounts; an effluent charge can be imposed; the use
of treated wastewater can be restricted; and water can
be set aside for environmental (or other) purposes.
Other environmental restrictions can also be intro-
duced.

The WAS tool permits experimentation with dif-
ferent assumptions as to future infrastructure. For ex-
ample, the user can install wastewater treatment
plants, expand or install conveyance systems, and cre-
ate seawater desalination plants.

8 The pioneering version of such a model (although one
that does not explicitly perform maximization of net
benefits) is that of Eckstein/Zackay/Nachtom/Fishel-
son (1994).
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Finally, the user specifies policies toward water.
Such policies can include: specifying particular price
structures for particular users; reserving water for cer-
tain uses; imposing ecological or environmental re-
strictions, and so forth.

Given the choices made by the user, the model al-
locates the available water so as to maximize total net
benefits from water. These are defined as the total
amount that consumers are willing to pay for the
amount of water provided less the cost of providing
it.9

Along with the optimal allocation of water, WAS
generates a shadow value for water in each district.
The shadow value of water in a district shows the
amount by which net benefits would increase if there
were an additional cubic meter of water available
there. It is the true value of additional water in that
district. Similarly, the shadow value of water at the
source is the scarcity rent of the water in that source
– the true measure of what water is worth at the mar-
gin.

One should not be confused by such use of mar-
ginal valuation. The fact that water is necessary for hu-
man life is taken into account in WAS by assigning
large benefits to the first, relatively small quantities of
water allocated. But the fact that the benefits derived
from the first units are greater than the marginal value
does not distinguish water from any other economic
good. It merely reflects the fact that demand curves
slope down and that water would be (even) more val-
uable if it were scarcer.

It is the scarcity of water and not merely its impor-
tance for existence that gives water its value. Where
water is not scarce, it is not valuable.

WAS provides a powerful tool for the analysis of
the costs and benefits of various infrastructure
projects. For example, if one runs the model without
assuming the existence of seawater desalination facili-
ties, then the shadow values in coastal districts pro-
vide a cost target that seawater desalination must
meet to be economically viable. Alternatively, by run-
ning the model with and without a proposed convey-
ance line, one can find the increase in annual benefits
that the line in question would bring. Taking the

present discounted value of such increases gives the
net benefits that should be compared with the capital
cost of plant construction. Note that such calculations
take into account the system-wide effects that result
from the projected infrastructure.

11.5 Infrastructure Analysis: Some 
Results

I now present some examples of WAS-generated re-
sults for Israel, Palestine, and Jordan. These are results
for each of the parties separately assuming them only
to have access to the water they now have (in late
2006). Results involving cooperation are given later.

I begin with Israel and desalination. Figure 11.2
shows the shadow values obtained for 2010 both in a
situation of normal availability of natural resources
(‘normal hydrology’) – the upper numbers – and in a
severe drought when that availability is reduced by 30
per cent -- the lower numbers. Israel’s price policy
(‘Fixed Price Policies’) of 1995 are assumed to remain
in effect. These policies heavily subsidize water for ag-
riculture while charging much higher prices to house-
hold and industrial users. Note that Israel’s practice
of reducing the quantity of subsidized agricultural wa-
ter in times of drought has not been modeled, so the
results are more favorable to the need for desalination
than would be the case in practice.10

The important result with which to start can be seen
in the upper shadow values for the coastal districts:
Acco, Hadera, Raanan, Rehovot, and Lachish. The
highest shadow value is at Acco and is only $0.319/m3

– well below the cost of desalination. This means that
desalination plants would not be needed in years of
normal hydrology.

On the other hand, such plants would be desirable
in severe drought years. In the lower numbers in fig-
ure 11.2, desalination plants operate in all the coastal
districts at an assumed cost of $ 0.60/m3. The re-
quired sizes of such plants (obtained by running WAS
without restricting plant capacity and observing the
resulting plant output) are given in table 11.1.

Results for 2020 are similar, although, as one
should expect, it does not take so severe a drought to
make desalination efficient, and the required plant
sizes are larger. 9 The total amount that consumers are willing to pay for

an amount of water, Q*, is measured by the area up to
Q* under their aggregate demand curve for water. Note
that “willingness to pay” includes ability to pay. The pro-
vision of water to consumers that are very poor is taken
to be a matter for government policy embodied in the
pricing decisions made by the user of WAS.

10 The infeasibility listed for the Jordan Valley Settlements
in the drought case reflects the fact that the full amount
of subsidized water required for the supply of agricul-
ture there cannot be delivered.
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Of course, much of the cost of desalination consists
of capital costs – here included in the price (or target
price) per m3. Such costs are largely incurred when
the plant is constructed. After that, the plants would
be used in normal years unless the operating costs
were above the upper shadow values in figure 11.2
(highest $ 0.319/m3). Israel therefore needs to con-
sider whether the insurance for drought years pro-
vided by building desalination plants is worth the

excess capital costs.11 (Note that the system of Fixed
Price Policies contributes substantially to the need for
desalination; without such policies, the plants
required for severe drought would be far smaller than
shown in table 11.1, and some would not be required
at all.)

11.5.1 Desalination: Palestine

A similar analysis for Palestine produces a quite sur-
prising result. Palestine can desalinate seawater only
on the seacoast of the Gaza Strip (figure 11.1). Con-
sider figure 11.3. Here results for 2010 are presented
on the assumption that Palestine builds recycling
plants and conveyance lines.

The upper shadow values are for the case in which
Palestine has only its current natural water resources.
We see that desalination at $ 0.60/m3 is efficient in
two of the Gazan districts. But the reason for this is
not the obvious one of population growth in Gaza.
Rather, it is because, with its limited water resources
on the Southern West Bank, it would actually pay Pal-
estine to desalinate water in Gaza and pump it uphill
to Hebron! This can be seen from the fact that if the
Palestinian West Bank water were doubled, and the
lower shadow values obtained, desalination would
cease to be efficient at prices higher than $ 0.356/m3.
Of course, this result is for a year of normal hydrology
and for a middle estimate of Gazan population
growth, but the main point is there. Without more
water or cooperation in water with Israel (see below),
Palestine should build one or more desalination
plants at Gaza by 2010; but with more water on the
West Bank or with cooperation with Israel, that neces-

Figure 11.2: 2010 Shadow Values with Desalination:
Normal Hydrology vs. 30 Per Cent Reduction
in Naturally Occurring Fresh Water Sources;
Fixed-Price Policies in Effect. 

Table 11.1: Desalination (or Import) Requirements in
Mediterranean Coastal Districts in 2010 with
30 per cent Reduction in Natural Fresh Water
Sources and Fixed-Price Policies in Effect.

District Water Requirements
(MCM/Yr.)

Acco  80

Hadera  64

Raanana  17

Rehovot  51

Lachish  29

TOTAL  241

11 Note that a multi-year version of WAS (discussed below)
could be of substantial aid in such a calculation.
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sity will disappear. Even in 2020, the need for Gazan
desalination plants will remain a close question in
years of normal hydrology, our results suggesting that
such plants would be barely cost-efficient at costs
above $ 0.55/m3. An important implication of these
results will appear when we consider cooperation be-
low.

11.5.2 Jordan and the Interdependence of 
Infrastructure Decisions 

For Jordan (where seawater desalination is currently
possible only at Aqaba on the Red Sea), I report re-
sults on other issues. Without action, Jordan faces an
increasing water crisis in Amman and nearby districts.
Indeed, our results show that if nothing were done,
the shadow value of water in Amman would reach
roughly $ 27/m3 by 2020 (and that in years of normal
hydrology). This is not a tenable situation, and the
value of $ 27/m3 is not presented as a value that peo-
ple will pay for water but as an indication of the com-
ing water-scarcity crisis. To alleviate this, Jordan has
various options:

1. Jordan is increasing the capacity of the conveyance
line that takes Jordan River water to Amman from
45 MCM per year to 90 MCM per year. This
would reduce the shadow value in Amman in 2020
from $ 27.23 to $ 10.56 per cubic meter. The gain
in net benefits in 2010 is only approximately $ 2
million per year, but by 2020, that gain reaches
almost $ 500 million per year. (Our evaluation of
the other options assumes this conveyance line to
be in place.)

2. Jordan could act to reduce the large leakage in
pipes in Amman and other districts. We find that,
by 2020, this would result in an increase in Jorda-
nian water benefits of about $ 250 million per
year, probably making it worth the capital costs in-
volved – not counting the disruption to the popu-
lation. Nevertheless, this does not satisfactorily al-
leviate the crisis, only reducing the shadow value
in Amman to about $ 6.43/m3, still unacceptably
high.

3. Jordan is considering the construction of a con-
veyance line from the Disi fossil aquifer to
Amman. This will help considerably. If the convey-
ance line will carry about 100 MCM per year by
2020, then the benefits from its construction will
reach more than $ 300 million per year by that
date. The resulting shadow value in Amman would
be about $ 1.44/m3, still high, but not catastrophi-
cally so. Adding leakage reduction to this would
take the value down to about $ 1.13, but, of course,
such reduction might not then be worth the capi-
tal costs involved, the added benefits as of 2020
falling from $ 250 million per year in the absence
of the Disi-Amman pipeline to about $ 93 million
per year in its presence. It should also be noted
that, given the expansion of the conveyance line
from the Jordan River, the Disi-Amman pipeline
would not be used in 2010.

4. There are grand plans for the oft-discussed Israeli-
Jordanian construction of a canal to take water
from the Red Sea to the Dead Sea, the so-called
“Peace Canal”. While the canal, if it is built, will
largely be built for other reasons, there would be
water benefits associated with it. In particular, it is
planned to use the downfall of water in the canal
to generate electricity, and then to use that elec-
tricity to desalinate some of the seawater involved
and pump it to Amman. It is estimated that it
would cost about 22 ¢/m3 to pump such water up-
hill to Amman. With the shadow value in Amman
at least $ 1.13/m3, as a result of the combination of
leakage reduction and the transfer of water from

Figure 11.3: Comparison of Full-Infrastructure Scenario
with (upper values) and without (lower
values) Double the Quantity from the
Mountain Aquifer, 2010.
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the Disi Aquifer, this would be efficient if such de-
salination would cost less than about $ 0.91/m3.
This seems guaranteed if the main capital costs of
canal construction and electricity generation are
allocated to other uses and the capital costs of de-
salination include only the construction of the de-
salination plant and the laying of the pipeline from
the plant to Amman. The energy costs involved in
operating costs would surely be lower with hydro-
electric generation than in fuel-fired plants.

But note the following: The effects of the Red Sea-
Dead Sea project would undoubtedly reduce the
shadow value of water in Amman to a figure well be-
low $ 1.13/m3 in 2020. If the shadow value in Amman
were at such a level, it would no longer make sense to
transport water to Amman from the Disi Aquifer. In
such a case, that water could efficiently be used in the
Aqaba district, quite possibly forestalling the necessity
of a desalination plant there.

This does not mean that it would be a mistake to
build the Disi-Amman pipeline. Far from it. First, the
Red Sea-Dead Sea Canal may never be built. Second,
if it is, it will be a long time before it is complete. Dur-
ing that period, and after 2010, the Disi-Amman pipe-
line may very well be highly necessary to avert the
Amman water crisis.12

Note how the benefits of an infrastructure project
depend on what other projects have been undertaken.
Note further how WAS can be used to investigate
such interdependencies. 

11.6 Water Ownership and the Value 
of Water 

I now turn to the use of WAS in the resolution of
water disputes. The view of water as an economic, if
special, commodity has important implications for
the design of a lasting water arrangement that is to

form part of a peaceful agreement among neighbors.
There are two basic questions involved in thinking
about water agreements: These are:

• the question of water ownership and 
• the question of water usage. 

One must be careful to distinguish these questions.
All water users are effectively buyers irrespective of

whether they own the water themselves or purchase
water from another. An entity that owns its water re-
sources and uses them itself incurs an opportunity
cost equal to the amount of money it could otherwise
have earned through selling the water. An owner will
thus use a given amount of its water if and only if it
values that use at least as much as the money to be
gained from selling. The decision of such an owner
does not differ from that of an entity that does not
own its water and must consider buying needed quan-
tities of water: the non-owner will decide to buy if and
only if it values the water at least as much as the
money involved in the purchase. Ownership only de-
termines who receives the money (or the equivalent
compensation) that the water represents.

Water ownership is thus a property right entitling
the owner to the economic value of the water. Hence
a dispute over water ownership can be translated into
a dispute over the right to monetary compensation
for the water involved.

The property rights issue of water ownership and
the essential issue of water usage are analytically inde-
pendent. For example, resolving the question of
where water should be efficiently pumped does not
depend on who owns the water. While both owner-
ship and usage issues must be properly addressed in
an agreement, they can and should be analyzed sepa-
rately.13

The fact that water ownership is a matter of
money can be brought home in a different way. It is
common for countries to regard water as essential to
their security because water is essential for agriculture
and countries wish to be self-sufficient in their food
supply. This may or may not be a sensible goal, but
the possibility of desalination implies the following:

Every country with a seacoast can have as much
water as it wants if it chooses to spend the money to
do so. Hence, so far as water is concerned, every
country with a seacoast can be self-sufficient in its
food supply if it is willing to incur the costs of acquir-
ing the necessary water. Disputes over water among

12 If the only problem in Jordanian water management
were the coming crisis in Amman, then this could be
readily solved by a further expansion of the conveyance
system bringing water from the Jordan River to the cap-
ital. (It is interesting to note that expansion of the con-
veyance system, not additional water ownership is what
would be directly involved.) However, this would divert
the river water from its current principal use in which it
is mixed with wastewater and used in agriculture in the
Jordan Valley. Jordan could not then continue to subsi-
dize Jordan Valley agriculture. The effects of such an
action are not readily captured without an analysis of
the social consequences.

13 This is an application of the well-known Coase Theo-
rem of economics. See Coase (1960).
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such countries are merely disputes over costs, not over
life and death.

The monetization of water disputes may be of
some assistance in resolving them. Consider bilateral
negotiations between two countries, A and B. Each of
the two countries can use its WAS tool to investigate
the consequences to it (and, if data permit, to the
other) of each proposed water allocation. This should
help in deciding on what terms to settle, possibly trad-
ing off water for other, non-water concessions. In-
deed, if, at a particular proposed allocation, A would
value additional water more highly than B, then both
countries could benefit by having A get more water
and B getting other things which it values more. (Note
that this does not mean that the richer country gets
more water. That only happens if it is to the poorer
country's benefit to agree.)14

Of course, the positions of the parties will be ex-
pressed in terms of ownership rights and international
law, often using different principles to justify their re-
spective claims. The use of the methods here de-
scribed in no way limits such positions. Indeed, the
point is not that the model can be used to help decide
how allocations of property rights should be made.
Rather the point is that water can be traded off for
non-water concessions, with the trade-offs measured
by WAS.

Moreover, such trade-offs will frequently not be
large. For example, water on the Golan Heights (see
figure 11.1) is often said to be a major problem in ne-
gotiations between Israel and Syria, because the Ba-
nias River that rises on the mountains of the Golan is
one of the three principal sources of the Jordan River.
By running the Israeli WAS model with different
amounts of water, we have evaluated this question.

In 2010, the loss of an amount of water roughly
equivalent to the entire flow of the Banias springs (125
million cubic meters annually) would be worth no
more than $ 5 million per year to Israel in a year of
normal water supply and less than $ 40 million per
year in the event of a reduction of thirty percent in
naturally occurring water sources. At worst, water can
be replaced through desalination, so that the water in
question (which has its own costs) can never be worth
more than about $ 75 million per year. These results
take into account Israeli fixed-price policies towards
agriculture.

Note that it is not suggested that giving up so large
an amount of water is an appropriate negotiating out-
come, but water is not an issue that should hold up a
peace agreement. These are trivial sums compared to
the Israeli GDP (gross domestic product) of approxi-
mately $ 100 billion per year or to the cost of fighter
planes.

Similarly, a few years ago, Lebanon announced
plans to pump water from the Hasbani River – an-
other source of the Jordan. Israel called this a casus
belli, and international efforts to resolve the dispute
were undertaken. But whatever one thinks about Leb-
anon’s right to take such an action, it should be under-
stood that our results for the Banias apply equally well
to the Hasbani. The effects on Israel would be fairly
trivial.15, 16 Water is not worth war!

11.7 Cooperation: Gains from Trade in 
Water Permits

Monetization of water disputes, however, is neither
the only nor, perhaps, the most powerful way in
which the use of WAS can promote agreement. In-
deed, WAS can assist in guiding water cooperation in
such a way that all parties gain. 

The simple allocation of water quantities after
which each party then uses what it “owns” is not an
optimal design for a water agreement. Suppose that
property rights issues have been resolved. Since the
question of water ownership and the question of wa-
ter usage are analytically independent, it will generally
not be the case that it is optimal for each party simply
to use its own water.

Instead, consider a system of trade in water per-
mits – short term licenses to use each other's water.
The purchase and sale of such permits would be in
quantities and at prices (shadow values) given by an
agreed-on version of the WAS model run jointly for
the two (or more) countries together. (The fact that
such trades would take place at WAS-produced prices
would prevent monopolistic exploitation). There
would be mutual advantages from such a system, and

14 If trading off ownership rights considered sovereign is
unacceptable, the parties can agree to trade short-term
permits to use each others’ water. See below.

15 The precise quantitative results depend, of course, on
the data and assumptions used. I am informed that
other calculations come up with somewhat larger fig-
ures. But the qualitative results would be no different.

16 Of course, the question naturally arises as to what the
effects on Syria and Lebanon, respectively would be in
these two situations. Without a WAS model for those
two countries, I cannot answer that question. Both
countries would surely profit from such a model.
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the economic gains would be a natural source of fund-
ing for water-related infrastructure.

Both parties would gain from such a voluntary
trade. The seller would receive money it values more
than the water given up (else, it would not agree); the
buyer would receive water it values more than the
money paid (else, it would not pay it). While one
party might gain more than the other, such a trade
would not be a zero-sum game but a win-win opportu-
nity. 

The WEP has estimated the gains to Israel and Pal-
estine from such cooperation and finds them to ex-
ceed the value of changes in water ownership that re-
flect reasonable differences in negotiating positions.

To illustrate this, we examine the gains to Israel
and Palestine from such cooperation starting from
varying assumptions about the ownership of the
Mountain Aquifer. (see figure 11.1.) To simplify mat-
ters, the case to be examined is one in which Israel
makes use of all the water of the Jordan River. This is
to be taken as merely an assumption made for the pur-
poses of generating illustrative examples; it is not a
political statement as to the desirable outcome of ne-
gotiations. We find such gains generally to exceed the

value of changes in such ownership that reflect rea-
sonable differences in negotiating positions. 

Figures 11.4 and 11.5 illustrate such findings and
more for years of normal hydrology. In those figures,
we have arbitrarily varied the fraction of Mountain
Aquifer water owned by each of the parties from 80
per cent to 20 per cent. (The present division of the
water is about 76 per cent to Israel and 24 per cent to
Palestine.17 Results for that division can be approxi-
mated by interpolation, but are, of course, fairly close
to those for 80 per cent Israeli ownership.)

The two line graphs in figure 1111.4 show the gains
from cooperation in 2010 for Israel and Palestine, re-
spectively, as functions of ownership allocations.18 Is-
raeli price policies for water (“Fixed Price Policies”)

Figure 11.4: Value of Israel-Palestine Cooperation and Value of Ownership of Mountain Aquifer Without Cooperation:
2010 – Israeli Fixed Priced Policies in Effect. 

17 The ‘Mountain Aquifer’ actually consists of several sub-
aquifers. It is very difficult to secure accurate informa-
tion on how the water in each of these is now divided.
The 76 per cent-24 per cent split mentioned in the text
is therefore an approximation applying to the total. In
the runs reported below, where necessary, we have used
that split to represent existing circumstances. Of course,
the general conclusions are not affected by this, and the
quantitative results cannot be far off.
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are assumed to be the same as in 1995, with large sub-
sidies for agriculture and much higher prices for
households and industry.

Starting at the left, we find that Palestine benefits
from cooperation by about $ 170 million per year
when it owns only 20 per cent of the aquifer.19 In the
same situation, Israel benefits by about $ 12 million
per year. As Palestinian ownership increases (and Is-
raeli ownership correspondingly decreases), the gains
from cooperation fall at first and then rise. At the
other extreme (80 per cent Palestinian ownership),
Palestine gains about $ 84 million per year from coop-
eration, and Israel gains about $ 36 million per year. In
the middle of the figure, total joint gains are about
$ 84–95 million per year.20

It is important to emphasize what these figures
mean. As opposed to autarky, each party benefits as a
buyer by acquiring cheaper water. Moreover, each
party benefits as a seller over and above any amounts
required to compensate its people for increased water
expenses.

Why do the gains first decrease and then increase
as Palestinian ownership increases? That is because, at
the extremes, there are large gains to be made by
transferring water from the large owner to the other
party. Palestine has large benefits at the left-hand side
of the diagram because it can obtain badly needed wa-
ter; it has large gains at the right-hand side because,
when it owns most of the Mountain Aquifer water, it
can gain by selling relatively little-needed water to Is-
rael (who gains as well). The same phenomenon
holds in reverse for Israel – although there the effects
are smaller, largely because Israel is assumed to own a
great deal of water from the Jordan River.

One might suppose that the gains would be zero
at some intermediate point, but that is not the case.
The reason for this is as follows:

It is true that a detailed, non-cooperative water
agreement could temporarily reduce the gains from

cooperation to zero. That would require that the
agreement exactly match in its water-ownership allo-
cations the water-use allocations of the optimizing co-
operative solution. That is very unlikely to happen in
practice (and, if it did, would only reach an optimal
solution that would not last as populations and other
factors changed). In our runs, it does not happen for
two reasons.

1. We have not attempted to allocate ownership in
the Mountain Aquifer in a way so detailed as to
match geographic demands. Instead, we have allo-
cated each common pool in the aquifer by the
same percentage split.

2. There are gains from cooperation in these runs
that do not depend on the allocation of the
Mountain Aquifer. For example, it is always effi-
cient for treated wastewater to be exported from
Gaza to the Negev for use in agriculture.

There are further results to be read from figure 11.4.
The heights of the various bars in the figure show the
value to the parties without cooperation of a change
in ownership of 10 per cent of the Mountain Aquifer
(about 65 MCM per year or nearly half of the amount
of Mountain Aquifer water now taken by the Palestin-
ians). These are shown as functions of ownership po-
sitions midway within each 20 percentage point inter-
val. For example, the left-hand-most set of bars shows
the value to each of the parties of an ownership shift
of 10 per cent of the Mountain Aquifer starting at an
allocation of 70 per cent to Israel and 30 per cent to
Palestine; the next set of bars examines the value of
such a change starting at 50–50. Note that the value
of cooperation is generally greater than, or at least
comparable to, the value of such ownership changes.
This is especially true for Palestine, but holds for Is-
rael as well.

Further, now look at figure 11.5. This differs from
figure 11.4 only in the height of the ownership-value
bars. In figure 11.5, the height of those bars represents
the value of shifts of 10 per cent aquifer ownership in
the presence of cooperation. That value is about $ 8
million per year. The lesson is clear:

Ownership is surely a symbolically important is-
sue, and symbols really matter. But cooperation in wa-
ter reduces the practical importance of ownership al-
locations – already not very high -- to an issue of very
minor proportions. The results for 2020 are qualita-
tively similar to those for 2010.

18 The results discussed in this section are all for years of
normal hydrology. Results for drought years are not
qualitatively different, although all numbers are larger.

19 Here and later, the gains with this division are so large
as to dominate the scale of the figure. This must be
taken into account in examining the results.

20 While the qualitative conclusions remain the same, the
quantitative results are substantially different from those
presented in Fisher/Arlosoroff/Eckstein/Haddadin/
Hamati/Huber-Lee/Jarrar/Jayyousi/Shamir/Wesseling
(2002). This is due partly to improved data, but mostly
from a more realistic treatment of intra-district leakage
in Palestine which affects the value of water. 



130 Franklin M. Fisher

11.8 The Real Benefits From 
Cooperation 

The greatest benefits from cooperation may not be
monetary, however. Beyond pure economics, the par-
ties to a water agreement would have much to gain
from an arrangement of trade in water permits. Water
quantity allocations that appear adequate at one time
may not be so at other times. As populations and
economies grow and change, fixed water quantities
can become woefully inappropriate and, if not prop-
erly readjusted, can produce hardship. A system of
voluntary trade in water permits would be a mecha-
nism for flexibly adjusting water allocations to the
benefit of all parties and thereby for avoiding the po-
tentially destabilizing effect of a fixed water quantity
arrangement on a peace agreement. It is not optimal
for any party to bind itself to an arrangement whereby
it can neither buy nor sell permits to use water.

Moreover, cooperation in water can assist in bring-
ing about cooperation elsewhere. For example, as al-
ready indicated, the WAS model strongly suggests
that, even in the presence of current Israeli plans, it
would be efficient to have a water treatment plant in

Gaza with treated effluent sold to Israel for agricul-
tural use in the Negev where there is no aquifer to
pollute. (Indeed, since this suggestion arose in model
results, there has been discussion of this possibility.)
Both parties would gain from such an arrangement.
This means that Israel has an economic interest in as-
sisting with the construction of a Gazan treatment
plant. This would be a serious act of cooperation and
a confidence-building measure.

11.9 Problems and Conclusions

Naturally, there are a number of issues that arise when
considering such a cooperative arrangement. Chief
among them is that of security. What if one of the
partners to such a scheme were to withdraw? Of
course, such withdrawal would be contrary to the in-
terest of the withdrawing party, but, as we have sadly
seen, people and governments do not always act in
their own long-run self-interest.

The main cost of such a withdrawal would occur
if the non-withdrawing party had failed to build infra-
structure that would be needed without cooperation

Figure 11.5: Value of Israel-Palestine Cooperation and Value of Ownership of Mountain Aquifer With Cooperation:
2010 – Israeli Fixed priced Policies in Effect. 
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but not with it. In the case of Israel and Palestine, it
might appear that such risk would be chiefly Palestin-
ian, since they, but not Israel, would need desalina-
tion plants in the absence of cooperation but not in
its presence. Israel, by contrast, already has a highly
developed system of water infrastructure and any de-
cision to build desalination plants does not depend
on a decision to cooperate or not cooperate with Pal-
estine.

Interestingly, this conclusion may not hold. We
saw above that the WAS results show that it will not
be cost-effective (at least in years of normal hydrol-
ogy) for Palestine to build desalination facilities in the
Gaza Strip (its only seacoast) simply to supply the
growing Gazan population. Rather, with water owner-
ship greatly restricted on the West Bank, it would pay
(without cooperation) to build such facilities and ex-
pensively pump desalinated water uphill to Hebron.
But this result (which holds only with Palestine own-
ing rather less than 20 per cent of the Mountain Aq-
uifer) also implies that a withdrawal by Israel from a
cooperative agreement could be met by Palestine
pumping more than now permitted on the West
Bank. This reduces the importance of the security is-
sue under discussion.

Hence, for both parties, cooperation appears to
be a superior policy to autarky. In an atmosphere of
trust, cooperation would be likely to benefit Palestine
even more than Israel, at least in the short run. But,
of course, such an atmosphere does not now exist.
Cooperation requires a partner, and, in late 2006 that
does not appear to be immediately likely. Each party
is likely to suspect the good faith of the other, even
though the proposed arrangement will benefit both. 

Despite this, I continue to believe that coopera-
tion is both valuable and possible. As already dis-
cussed, water is not worth conflict and can become
an area for confidence-building measures. Further, if
autarky is truly desired, then one should simply build
desalination plants as needed. Autarky in naturally-
occurring water is a foolish policy except as a money-
saving device -- and the money it saves is not great.
Every country with a seacoast can have as much water
as it wants if it chooses to spend the money to do so.
Hence, every country with a seacoast can be self-suffi-
cient if it is willing to incur the costs of acquiring the
necessary water. As a result, disputes over water
among such countries should be merely disputes over
costs, not over life and death.
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Abstract

Agriculture and rural village life have historically played central roles in the life, economy
and culture of the Palestinians, Jordanians and Israelis. However, in the 21st century these
nations are facing the reality that their natural fresh water resources will shortly become
fully utilized and that there is an urgent need to reevaluate their long-term water resources
management strategy. While calls for food security based on growing all food locally
arouse popular support, this chapter will show that the modern, rational, economic ap-
proach to this question is, that the arid countries in the Middle East, with little water
should accept the reality that priority in utilization of their limited fresh water resources
should go to meet the immediate human needs of drinking water, domestic and urban use
as well as for high income producing commercial, industrial, tourism use and assuring the
quality of life with green open spaces. It is more rational to import most of the high water
consuming food and fodder, particularly the staples which can be shipped and stored eas-
ily from those countries with plenty of water from natural renewable sources. In other
words, to import ‘virtual water’ in its most economical form: food. This chapter shows
that in reality Israel has de-facto adopted this policy and imports 80 per cent of the na-
tional caloric intake from abroad while the Palestinians import over 65 per cent of their
caloric intake. Plans must be made over a 20–30 year period to retrain the agricultural
population for alternatives employment in a modern economy.

Keywords: Israel/Palestine/Jordan water resources, Middle East, virtual water, food secu-
rity, agriculture, water for nature and ecology 

12.1 Introduction

Agriculture and rural village life have historically
played central roles in the life, economy and culture
of the Palestinians, Jordanians and Israelis. However,
in the 21st century these nations are facing the reality
that their natural fresh water resources will shortly be-
come fully utilized and that there is an urgent need to
reevaluate their long-term water resources manage-
ment strategy. While calls for food security based on

growing all food locally sound appealing and inspire
strong national feelings, these concepts generate unre-
alistic demands on water for agriculture that are illo-
gical ecoomically and socially. They tend to create
non-sustainable demands for massive water alloca-
tions for agriculture from rapidly dwindling water re-
sources or the production of irrationally expensive
water for agriculture by desalination and/or water
transport over long distances. 
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This chapter will show that the modern, rational,
economic approach to this question is that the arid
countries in the Middle East, such as Israel, Palestine
and Jordan with little water should accept the reality
that priority in utilization of their limited fresh water
resources should go to meet the immediate human
needs of drinking water, domestic and urban use as
well as for high income producing commercial, trade,
crafts industrial, tourism use and assuring the quality
of life with water allocated to nature and green open
spaces. It is more rational to import most of the high
water-consuming food and fodder, particularly the sta-
ples which can be shipped and stored easily from
those countries with plenty of water from natural re-
newable sources. In other words, to import ‘virtual
water’ in its most economical form: food.

12.2 How Much Water is Required for 
Food Security?

How much water is really needed to grow all of the
food needs of an individual? A few selected examples
based on calculations made by Gleick (2000) from
data in the FAO Production Yearbook (1989) of the
water input required in cubic meter/ton (m3/ton) to
produce various foods (table 12.1).

Peter Gleick's estimates based on the FAO data have
indicated that the total water input in the human diet
varies from country to country depending, of course,
on the consumption of food products that require
very high water consumption per unit, such as meat,

oil and butter and the efficiency of the local agricul-
ture, in water use in food production. Table 12.2
presents a few examples of the total water needs to
supply the complete food requirements of an individ-
ual in m3/capita/year (m3/cap/yr). From the above, it
is obvious that those countries with total water re-
sources potential of significantly less than 1000 m3/
cap/yr. can never approach total food self-sufficiency/
food security based on locally grown food.

12.3 Water Availability to Middle 
Eastern Countries

There are very limited water resources available to the
Jordanians, Palestinians and Israelis who share the
geography and hydrology of the Jordan River Basin
and the adjacent areas. They are currently using essen-
tially all of the natural fresh water resource potential
available and then some. It has been estimated that
for Israel, based on the 2003 population of 6.5 million
and a fresh water resource potential of 1,600 million
m3/yr. (mm3/yr), the per capita availability of water is
about 250 m3/cap/yr. For the Palestinians, with a
population estimated at 3.2 million and a currently
estimated available water supply limited to 250 mm3/
yr, their per capita consumption would be some 80
m3/cap/yr. The Jordanians with a 2003 population
estimated at 5 million and a total fresh water supply
estimated at about 1000 mm3/yr have a per capita use
of some 200 m3/cap/yr (see table 12.3). 

This author’s studies have shown that the estimated
Minimum Water Requirement (MWR) to meet all of
hygienic, social and economic requirements for do-
mestic, urban, commercial, industrial, tourist uses for
a reasonably high standard of urban living in arid ar-
eas in the Middle East is some 125 m3/cap/yr (Shuval

Table 12.1: Water Input in Various Foods Produced in
California in m3/ton. Source: Gleick (2000)
and FAO (1989).

Wheat 1,273

Rice 2,005

Maize 978

Potatoes 147

Sugar 2,731

Soybean Oil 21,692

Beef 16,193

Pork 5,760

Poultry 5,730

Eggs 3,740

Milk 971

Butter  22,274

Table 12.2: Total Amount of Water Required to Grow all
Food Requirements in m3/capita/year. Source:
Gleick (2000) and FAO (1989).

California 2,156 m3/cap/yr

Egypt 1,540 m3/cap/yr

Tunesia 1,082 m3/cap/yr

Table 12.3: Current Fresh Water Availability in m3/capita/
year (2003). 

Palestinians 80 m3/cap/yr

Jordanians 200 m3/cap/yr

Israelis 250 m3/cap/yr



‘Virtual Water’ in the Water Resource Management of the Arid Middle East 135

1992). This assumes little fresh water for agriculture
and import of most food. Israel and Jordan are not
much above that level today, while the Palestinians
face serious water deprivation and are already well be-
low the MWR.

Currently, some 60–80 per cent of the water re-
sources, of these three nations, are utilized by agricul-
ture. However, it can be estimated that there will be a
doubling of the population in each of these nations in
some 30 years time, with the additional population liv-
ing mostly, if not entirely, in the urban sector. There
will also be a significant increase in per capita urban
water consumption, in particular among the Palestini-
ans and Jordanians, due to raised standards of living,
which will result in at least a doubling if not more of
the water demand in the urban, commercial and in-
dustrial sector. If we assume a scenario of no addi-
tional water supplies becoming available, then the
only way to meet the rapidly growing urban demand,
would be through a reallocation of high quality fresh
potable water supplies, currently used in agriculture
to the domestic, urban, commercial and industrial sec-
tors. 

From a social and economic view point this policy
can be justified since the marginal value of water and
the income produced from its use for the domestic,
urban, commercial, industrial and tourist sector has
been estimated as being some 100 times greater than
its value in agriculture. In addition there would be no
alternative employment for the increased population
other than in commerce, building, crafts, trade, tour-
ism and industry in the urban sector. Thus, the trans-
fer of the fresh potable water to the urban, commer-
cial, industrial and tourism sector would result in a
major cutback in irrigated agriculture with all its diffi-
cult social implications involved. Israel’s water plan-
ners have already reluctantly accepted this water trans-
fer and reallocation policy as inevitable. The Israeli
farming sector has not fully readjusted to this reality. 

For comparative purposes an estimate of the total
fresh water resources that may be available from all
sources per capita/year (m3/cap/yr) in the five ripar-
ian countries in the Jordan River basin and Turkey in
the year 2000 are shown in table 12.2 above and for
the 2030 in figure 12.1 below. This estimate assumes
that the Jordanians, Palestinians and Israelis will ob-
tain some additional water resources through the de-
velopment of alternative sources such as desalination
and reallocation of water resources among them in
the framework of the peace process in order to
achieve at least the Minimum Water Requirement to
assure a reasonable standard of living for all the peo-

From this rough estimate based on figures from the
World Bank (1992) and other sources it can be seen
that by the year 2030 Jordan, Israel and Palestine will
have just enough fresh water to meet their domestic,
urban, commercial and industrial demands with es-
sentially no fresh water for agriculture, other than re-
cycled wastewater, while Syria and Lebanon, the rela-
tively more water rich neighbors to the north, will still
have some fresh water resources available for agricul-
ture. Turkey, on the other hand, even in the year
2030, will remain a truly water rich country with
enough water to meet all local needs including for ag-
riculture and food production, plus enough water to
spare to enable it to sell and transfer significant
amounts to their less fortunate neighbors to the
south. 

12.4 Import of ‘Virtual Water’ as Food 
Staples for Food Security

Under these conditions of water scarcity with little or
no water available for agriculture, how will Jordan,
Palestine and Israel assure that their population has
the food required – in other words to assure ‘food se-
curity’? The modern, rational, economic approach to
this question is that countries with little water should
import, what Allan and Olmsted (2003) have termed
virtual water. That is, importing the high water con-
suming foods they need, particularly the staples which
can be shipped easily and stored for long periods,
from those countries with plenty of water from natu-
ral renewable sources and sufficient areas of arable
land. Import of staple foods such as grains, dried
beans, food oil, fodder and even frozen meat and fish
and storing them in grain silos, local warehouses and

Figure 12.1: Potential Fresh Water Resources Available in
Cubic Meters/Person/Year in 2030
(Assuming a doubling of the population and
additional water for Palestinians and
Jordanians to meet the minimum water
requirement of 125 m3/person/year. 
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cold storage facilities is a more economical way of as-
suring an adequate supply of food while avoiding the
irrational implications of the misguided goal of local
self-sufficiency in food production under the food se-
curity concept. Our studies (Buchwald/Shuval 2000)
show, for example, that in reality Israel has de-facto
adopted this policy and in the year 2000 imported 80
per cent of the national calorie intake of food from
abroad as ‘virtual water’ (see table 12.4.) while it is es-
timated that the Palestinians import over 65 per cent
of their caloric intake. 

As an example of the economy of virtual water, every
ton of wheat has imbedded within it some 1200 tons
(or m3) of the water required to grow it. The world
market price of wheat is about $ 150–$ 200/ton so
that if two thirds of the cost of growing it is labor,
seeds, fertilizer, harvesting, storage and transport then
the cost of the water imbedded in wheat is estimated
at 4–5 US cents/m3. There is no cheaper source of
produced or imported water. What about fresh vege-
tables and salad crops which cannot be so easily im-
ported from abroad? The growing of limited amounts
of fresh vegetables and salad crops for local consump-
tion requires very little water and this author has esti-
mated that with an allocation of fresh water of some
25 m3/cap/yr, a country can grow most if not all of
the fresh vegetables and salad crops used locally.

Naff (1965) has suggested a differentiation be-
tween ‘food security’ and ‘food sufficiency’. Food se-
curity, according to Naff, requires a guarantee of
enough food produced locally to satisfy a population’s
minimal needs over a long period of time. Such a pol-
icy traditionally has implied self-contained, domesti-
cally produced food sufficiency. In the water short ar-
eas of the Middle East, insisting on a national policy
of food security often implies generating a perceived
need to assure local irrigated agricultural production
even if the country does not have sufficient local wa-
ter resources to sustain such a policy. 

While public policy insisting on assuring food se-
curity and water security may appeal to national pride
and be politically popular it has often resulted in the
perception of unrealistic needs for greatly increased
water resources. This often means increased demands
for the reallocation of shared water resources from
limited trans-boundary water resources and the result-
ing exacerbation of water conflicts between nations.
It has also led in some cases to the problematic con-
struction of expensive and uneconomic massive water
projects such the huge 500 km long pipe-line in Libya
transporting a one time reserve of fossil water from
deep in the desert to the more arable coastal areas or
the use of desalinated sea water for the irrigation of
wheat and other staples in Saudi Arabia, regardless of
costs and benefits. In both of these cases the cost of
the food produced with such expensive water is many
times greater than the price of the same food prod-
ucts on the world market. Naff (1995) correctly points
out that the old concept of food security “in the arid
Middle East will always be a wasteful and ill-fated pol-
icy”. 

Food sufficiency, on the other hand, only requires
that there is on-going sufficiency of food for the
needs and development of a society, attained chiefly
by trade based on the import of virtual water. How-
ever, it must be understood that this strategy, to as-
sure food sufficiency (as an alternative to food secu-
rity) requires an economy that generates enough
income, particularly foreign currency, from exports,
commerce and tourism to cover the cost of the
needed food imports. In the arid areas of the Middle
East there is, in the long run very little alternative to
developing the economy based on low water consum-
ing industry, crafts, trade, commerce and tourism
which will provide employment and a higher standard
of living rather than an economy based mainly on low
income producing agriculture. The studies by Beau-
mont (2000) have shown that for Middle Eastern
countries the economic return on one cubic meter of
water allocated to agriculture is about $ 2.00 (US)
while a cubic meter of water used in commerce or in-
dustry yields a return of $ 100 to $ 500. Such an eco-
nomy based on commerce, industry and tourism will
be able to provide sufficient financial resources to im-
port and store all the food required to assure food suf-
ficiency and as well a higher standard of living for all
(see table 12.5).

It is one of the fundamental premises of this chap-
ter that the conventional concept of food security
meaning total local self-sufficiency in food production
in the arid areas of the Middle East and other arid re-

Table 12.4: Examples of food staples, 100 per cent of which
are imported by Israel supplying some of 70 per
cent of Israel’s total Calorie Intake (calculated as
percent of total mean calorie intake in imported
foods based Israeli mean food basket. Total
mean calorie intake = 3000 calories/day).
Source: Buchwald/Shuval (2000).

Wheat/Grains/Starch/Sugar/Candy

 Sesame /Fats/oils/Frozen-Salt Fish

 Dried Fruit /Dried Lentil



‘Virtual Water’ in the Water Resource Management of the Arid Middle East 137

gions of the world, cannot be seen as a realistic or sus-
tainable one. It can only lead to unnecessary, in-
creased conflict over limited water resources or the
irrational waste of economic resources, which in the
long rum can lead to a decrease in security. Middle
Eastern countries facing current and/or future severe
water shortages must carefully consider the more real-
istic and less conflict arousing policy of food suffi-
ciency based essentially on the import of virtual wa-
ter as an acceptable long term policy with important
political, economic and security advantages. 

What about those arid count ries in the transition
stage that cannot yet generate enough foreign cur-
rency to purchase all their vital food needs in the
world market? The international community should
create institutions such as a World Food Bank, to as-
sure that all countries, including the weakest of those
in the third world, are assured adequate food supplies
from the reserves of the surplus food producers in the
world. 

12.5 What Will Happen to the Farmers 
or Falachim?

What will happen to that sector of the population that
currently bases its life and livelihood on agriculture in
rural villages, the farmers or the falachim? The transi-
tion from a quasi-agricultural economy to an economy
based mainly on commerce, industry, trade and tour-
ism – a high-tech economy, is in fact already occur-
ring. In Israel it is in an advanced stage with only 3
per cent of the population employed in agriculture
and producing only about 2 per cent of the GDP. In
Palestine and Jordan the population employed in agri-

culture is about 30–40 per cent but their share in the
GDP is relatively small. The high numbers employed
in agriculture today among the Palestinians is partially
a result of the present political situation and strife and
the lack of employment in other sectors which previ-
ously employed many Palestinians. Nevertheless, em-
ployment in the commercial/trade, industry and tour-
ism sectors is growing even in this difficult period and
is expected to grow rapidly in an era of peace. There
will have to be a well planned, well financed and care-
fully phased program of training and education of the
younger farmers and the children of the farming sec-
tor to prepare them for more productive occupations
in the commercial, trade, industry and tourism sectors
of a modern economy as the years go by.

The question is asked: if the agricultural sector
will shrink considerably in the years to come, how will
Palestine be able to absorb the several hundred thou-
sand refugees expected to return to the new Palestine
state once it is established? Some Palestinians plan-
ners have suggested that the agricultural sector could
absorb these refugees. This is a difficult question to
answer at this time but, it is questionable if many of
the returning refugees will be interested in settling in
agricultural occupations even if their forefathers were
farmers and falachim. Over the years, many, if not
most of the refugees, have left agricultural occupa-
tions far behind and many have learned trades and
skills in other more economically rewarding profes-
sions. Despite the present very poor economic and so-
cial conditions of most refugees it is not unreasonable
to anticipate that their expectations for employment
on return to Palestine will be different than those of
their forefathers. The more productive occupations in
the commercial/trade/crafts/building/industry and
tourism sectors will bring a higher standard of living
than a return to agriculture which in any event will
not be practical since there will never be enough wa-
ter available to support a significant portion of the
population in agriculture.

12.6 Change in Country-Side after a 
Cut-Back in Agriculture

Environmentalists, ecologists, lovers of nature and the
public at large will undoubtedly ask the very legitimate
question: “What will the country-side be like if there
is a major cut-back in agriculture? Agriculture keeps
the country green!” What is happening in Israel in this
area, is of great concern. Particularly in the central ar-
eas of Israel, near the major urban centers, where land

Table 12.5: Wealth Generated By Water in Various
Sectors in $/m3 (GDP of sector/water used by
sector. Source: based on Beaumont (2000)

Country Agriculture Industry Commerce

Egypt 0.96 19 686

Iran 1.22 93 512

Israel 1.49 120 687

Jordan 1.80 170 360

Kuwait 1889 237

Morocco 1.47 110 2036

Syria 2.18 53 1512

Turkey 2.54 93 512

Average 1.86 533 650
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values are high, the farmers have become the major
promoters of selling their farm-land for housing
projects. This is profitable to the farmers and is turn-
ing large areas into densely built-up red tiled roofed
houses. This not only is an environmental eyesore but
green areas are rapidly disappearing and the im-
pervious roofs, asphalt roads and parking areas have
reduced the infiltration of rain water into the vital
groundwater aquifers and have increased storm water
run-off to the sea. 

There is an urgent need to develop strategies and
operational plans to prevent this process and for the
gradual conversion of agricultural areas into low wa-
ter consuming ‘green lungs’ – parks, nature reserves,
lakes, pastures, sport fields and green recreational ar-
eas of all kinds – so vital to assure the quality of life in
a densely populated society. While allocations of fresh
water to agriculture will have to be reduced over the
years there is a need to accept a new priority concept
that in order to live in a high-tech urban society in an
arid area, major allocations of water for nature, ecol-
ogy and green lungs must be assured.  

12.7 Conclusions

In conclusion, there needs to be a fundamental revi-
sion in the understanding of such concepts as water
security and food security, in relation to the arid
countries of the Middle East. These can only achieve
the needed levels of water and food security by devel-
oping economies based on commerce, trade, crafts,
tourism and industry which can earn sufficient cash
and foreign currency to enable them to import low
cost virtual water by purchasing all the required food
staples on the world market. A World Food Bank may
be required to help poorer countries in transition to
meet these needs, while the countries rich in water re-
sources and arable land must be encouraged to grow
the food for those countries that will never have
enough water to grow all of their own food. 

As populations grow in Jordan, Palestine and Is-
rael and the demand for water in the urban, comer-
cial, industrial sectors increases, water from the agri-
cultural sector will have to be reallocated to the
urban, commercial and industrial sectors so as to as-
sure the maintenance of the quality of life, decent lev-
els of hygiene, the economic viability and standard of
living of the majority of the population living in the
urban sector. Thus, as less water becomes available for
irrigation in the agricultural sector there will be less
employment in agriculture. There will have to be a

well planned, well financed and carefully phased pro-
gram of training and education of the younger farm-
ers and the children of the farming sector to prepare
them for more productive occupations in the com-
mercial, trade, industry and tourism sectors of a mod-
ern economy as the years go by. Arid countries based
on a sound commercial and industrial economy who
are adjacent to the sea coast, never need to face short-
ages of drinking quality water for domestic, urban,
commercial, tourism and industrial use since relatively
low cost desalination of seawater has now made it
possible to produce all the water they will ever require
to meet those needs. However, desalinated sea water
is still far too expensive to justify its use in agriculture.

This chapter has shown that the modern, rational,
economic approach to this question is, that the arid
countries in the Middle East: Jordan, Palestine and Is-
rael with little water should accept the reality that pri-
ority in utilization of their limited fresh, potable water
resources should go to meet the immediate human
needs of drinking water, domestic and urban use as
well as for high income producing commercial, indus-
trial and tourism use. It is more rational to import
most of the high water consuming food and fodder,
particularly the staples which can be shipped easily
and stored for longer periods, from those countries
with plenty of water from natural renewable, sustaina-
ble sources and sufficient areas of arable land. In
other words, to import ‘virtual water’ in its most eco-
nomical form: food. The recycling of highly treated
urban wastewater can provide an important and eco-
nomically feasible source of additional water for use
in support of ‘green lungs’ and some agriculture as
well as other industrial and urban non-potable water
uses. Imports of ‘virtual water’ can provide the food
security and low cost desalinated seawater can now
meet all domestic, urban, commercial and industrial
needs. 
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Abstract

Severe water shortage is facing Palestine today as a result of population growth, agriculture
and industry. Agriculture is the main water-using sector, which makes up more than 63 per
cent of the country’s total amount of water use. Out of 279 Mm3/year used by different
water consumers, about 178 Mm3/year goes to the agricultural sector. The country is not
self-sufficient in agricultural production. The citrus sector, however, is successful enough
to export its surplus. The remaining food deficit is imported to meet local demand. The
quantities of water used in the agricultural production process can be translated into
56 Mm3/year exports and 2,200 Mm3/year imports of virtual water in Palestine. An esti-
mated 20 per cent of Palestinian’s total water is being exported in virtual form. Economi-
cally, agriculture constitutes 25 per cent of total Palestinian exports with total revenue of
US $ 60 million. The expenditure in agricultural imports such as wheat and meat products
is about U S$ 620 million. The Palestinian water sector should allocate water to a crop like
vegetables which brings the best return to water suppliers. Currently, the country has a
water use that is unsustainable and may lead to a water crisis. Palestine should continue
importing virtual water imbedded in food commodities to avoid such a crisis. Citrus
exports from Palestine contribute to a huge virtual water loss. Reducing these exports
would be a good start in addition to looking for other alternatives. 

Keywords: agriculture production, virtual water, water security, water trade

13.1 Introduction

Virtual water is defined as: “the quantity of water used
in the production process of an agricultural or indus-
trial product” (Hoekstra 2002). Another definition is:
“the water requirement to provide the essential food
import needs by an economy” (Allan 1997). The im-
portance of virtual water lies with its potential to bal-
ance water-rich and water-poor areas in the world
through the international trade in agricultural prod-
ucts.

If a country exports a water-intensive product to
another country, it exports water in virtual form. For
the water scarce countries it is attractive to achieve
water security by importing water-intensive products.
At the same time water rich countries can profit from

their abundance of water resources by producing wa-
ter-intensive products for export. The national econ-
omy can balance its water needs by accessing invisible
water outside its national boundaries. The food trade
is thus an indirect trade in water. The term ‘virtual wa-
ter’ has been presented as a solution to balance eco-
nomic and population growth, and it helps to achieve
ecological sustainability. As an example, 1000 tons of
water is needed to yield one ton of grain. It also im-
plies that when one imports a ton of wheat, it can be
the equivalent to importing 1000 cubic meters of wa-
ter. There are two types of agricultural water uses:

• Blue water is the water occurring as renewable
ground water in the aquifers and as surface water
in water bodies (Savenije 2001). It is water that has
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been used by irrigation, neglecting evapotranspira-
tion from rainfall and soil moisture.

• Green water refers to total evaporation from agri-
culture production, including evapotranspiration
from plants and evaporation from irrigation water
(Rockstrom 2001). This water is rainwater situated
in the unsaturated zone of the soil. It provides
about 60 per cent of the world food production
(Savenije 2001).

Water consumed by the crops is either green water,
found in the soil due to direct rainfall, or blue water,
transferred to the soil artificially through an irrigation
system. Therefore, virtual water can either be green or
blue water. 

As the ratio between photosynthesis and transpira-
tion is fairly constant, the volume of water needed to
produce 1 kg of biomass is also rather constant; (a
rule of thumb is that 300 kg of water is needed to pro-
duce 1 kg of biomass). In order to calculate how much
water is needed for the edible part of the biomass, we
need to know the harvest index. In the case of wheat,
for example, the index is 0.5. This means that about
half of the total biomass ends up in grains; 2 kg of bi-
omass is needed to end up in 1 kg of grains. There-
fore, it takes 600 kg of water to produce 1 kg of grain.
This amount of water used by crops refers to the tran-
spiration only. Crop water use can vary due to various
reasons, like the type of the crop, the soil characteris-
tics etc. As stated above, a ton of grain can also re-
quire 1000 tons (m3) of water to produce it (Botzer
2001). 

However, the efficiency of water use can only be
increased during the process of obtaining, transport-
ing and applying the water to the field, but not in the
final use by the crop. There are two ways to calculate
the virtual water use. One is the bottom-up approach
by knowing the water requirement of the crop. The
other way is empirical, by checking how much water

from the rain is applied to the field and, how much
water is applied by irrigation. 

The research objectives are threefold:

1. to analyze and quantify the virtual water imports
and, exports from agricultural products;

2. to estimate the physical aspects of virtual water
export and import; and 

3. to evaluate the economic aspects of virtual water
export.

13.2 Physical Features of Water in 
Palestine

In general, Palestine has a Mediterranean climate
characterized by semi-arid and arid conditions, by
long, hot dry summers and short, cool, rainy winters.
Geographically, Palestine is located between the sub-
tropical aridity of Egypt and the subtropical humidity
of the Eastern Mediterranean. Table 13.1 shows the
water balance in Palestine. 

Topographically, the water resources of Israel and
Palestine (West Bank, including East Jerusalem, and
Gaza) are highly interconnected and as such qualify as
common and shared entity. Table 13.2 shows the wa-
ter resources shared and distributed in Palestine. 

The total water use by the municipal and indus-
trial sector in Palestine during the year 1999 was esti-
mated 101 Mm3. An amount of 52 Mm3 was used in
the West Bank, whereas a total of approximately 49
Mm3 was used in the Gaza Strip. The water consumed
by the agricultural sector is estimated to be 172–178
Mm3. According to the Palestinian agriculture minis-
try 90 Mm3 is used in the West Bank, and 88 Mm3

consumed in the Gaza Strip. The Palestinian total wa-
ter use was 273–279 Mm3/year. Figure 13.1 shows the
total water consumption and figure 13.2 the water that
was used by various sectors in Palestine in 1999. 

Table 13.1: Water Balance in Palestine. Source: Abu Zahra (2000).

Hydrological
Parameter

West Bank contribution to the 
water balance

Gaza Strip contribution to the 
water balance

Total

Percentage Mm3 /y Percentage Mm3 /y Mm3 /y

Annual rainfall 100 2248 100 101 2349

Evapotranspiration 68 1529 52.5 53 1582

Surface run-off 3.2 71 1.98 2 72

Natural recharge 28 648 45.5 46 692

Return flow RFWB* 8.9 9 9+RFWB

*RFWB (Return flow West Bank)
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Out of about 156,000 ha in the West Bank, approxi-
mately 7,800 ha are under irrigated agriculture, while
in the Gaza Strip, the total area is 16,500 ha whereof
65 per cent is under irrigation (FAO 1996). With 63
per cent agriculture uses the highest amount of water
(figure 13.2). For the Palestinian population of 3.3 mil-
lion inhabitants (1999), the annual quantity of water
used for irrigation is around 150 liters/cap/day, or
9,600 m3/ha/year.

13.3 Virtual Water Export and Import 

13.3.1 Physical Aspects

The total water use by different sectors in 1999 was
around 279 Mm3. In the year 2002 water input into
the agriculture sector was 178 Mm3, which consumed
63 per cent of the total water available. Table 13.3 does
not give the production and consumption figures for
animal products; but table 13.4 shows the average Pal-
estinian consumption of different animal products
that are characterized by high water consumption.  

According to a technical country paper on the West
Bank and Gaza Strip, 15 per cent of animal products is
produced in Palestine and the remaining 85 per cent is
imported (Framework for NG Proposal 2002). Table
13.5 shows the consumption and production of animal
products. For the Palestinian population of about 3.3
million, table 13.5 shows the animal production, con-

Table 13.2: Water Resources Shared and Distributed in Palestine. Source: Mehmet (1999).

Water available (Mm3 /Y) Water use (Mm3 /Y)

Water resource Total 
Resource

Used in 
Israel 

Used in 
settlements 

Used in 
West Bank

Used in 
Gaza 

Unused 

Western aquifer 310–362 313–333 10 21–27

Eastern aquifer 80–172 0 35–100 62–78 0 58

N. Eastern aquifer 131–145 101–115 5 20–25 -2

Gaza coastal aquifer 60-79 5 6 73

Coastal aquifer 240–300

Jordan River
Yarmuk River

1060–1287
1060–1287

560–650
(120–220 

Palestine share)

Total 1666–2045 1219–1403 56 103–152 
(includes 
Springs)

73

Figure 13.1: Total Water Consumption in the West Bank
and Gaza Strip in 1999. Source: Palestinian
Agricultural Ministry.

Figure 13.2: Water Used by Various Sectors Palestine in
1999. Source: Palestinian Agricultural Ministry.

Table 13.3: Production, consumption and surplus/deficit
of Palestinian agriculture production Source:
Butterfield et al. (2000).

Commo-
dities

Production
(1000 ton)

Consumption
(1000 ton)

Surplus/ 
deficit

Vegetables 516.9 645 -128.1

Field crops 35.8 350.3 -314.5

Citrus 153.2 42.2 +111.0

Fruits 134.6 154.1 -19.5

Olives 
(rainfed)

126.1 80.4 45.7
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sumption, surplus and deficit. Tables 13.3 and 13.5 pro-
vides production, consumption surplus and deficit fig-
ures for agricultural and animal products which have
been used to compute the virtual water as shown in
table 13.6. 

The virtual trade depends on supplementary irriga-
tion (blue water) except for olives, which use green

water (rainfed water). The total water input for agri-
culture in 2002 was 178 Mm3/year. Out of the Pales-
tinians virtual water export of 147 Mm3/year, citrus
constituted 56 Mm3/year while olives constituted 91.4
Mm3/year. The deficit from Palestinians water needs
is imported, amounting to 2,200 Mm3/year of virtual
water. An estimated 56 Mm3/year of virtual water
export implies that about one third of the water used
in agriculture is leaving the country as citrus products.
Based on the imported virtual water, Palestine
imports about 30 times more water than it exports. 

13.4 Economic Aspects

Historically, agriculture has played a more dominant
role in the Palestinian economy than in Jordan and Is-
rael. Palestinian agriculture is not subsidized by the
government and therefore Palestinian farmers pay
prices as much as $ 1.2/m3 for their water, making
many types of agriculture infeasible. Palestine does
not have an appropriate water pricing structure what
limits the productivity of agriculture. Water efficiency
remains low due to the high cost of modern irrigation
technology. For example, a drip system costs $ 1500–
$ 3000/ha. The marginal value of water in the pro-
duction is different from one crop to another, where
the returns on water are higher for vegetables com-
pared to citrus.

Agriculture provides 14 per cent of the Palestinian
GDP equal to US $ 733 million in 2000. The number
of Palestinians employed in agriculture is 19–22 per
cent of the Palestinian labor force (PASSIA, fact sheet-
economy, 2002), with an average salary of US $ 16 per
day (PCBS 2000). In 1999 the sector generated ap-
proximately 25 per cent of all Palestinian exports with
total revenue of US $ 60 million. On the other hand,
Palestinians imported US $ 620 million agricultural
products. 

Over the past three decades Palestine had a com-
parative advantage in producing and exporting vegeta-
bles, fruits, citrus and olive products (Jabarin 2000).
Israel and Jordan have been the two major outlets for
the Palestinian products. But Palestine has not been
self-sufficient in producing field crops and livestock
products, mainly red meat and milk. In Palestine, a
shift in the cropping pattern has contributed to an in-
crease in the production of vegetables. On the import
side, Israel has been the major supplier of food and
farm products. 

Palestinian agricultural trade has been influenced
by the political status and the unsettled conditions in

Table 13.4: Average consumption from different
commodities. Source: Isaac et al. (2002)

Commodities Consumption
kg/capita/year

Red meat 11

Poultry 14.3

Eggs 6.1

Milk 67.7

Table 13.5: Production, consumption and surplus/deficit
of animal products

Commodities Production
(1000 ton)

Consumption
(1000 ton)

Surplus/
deficit

Red meat 5.5 36.3 -30.8

Poultry 7.1 47.2 -35.1

Eggs 3.0 20.2 -17.2

Milk 33.5 223.4 -189.9

Table 13.6: Virtual water trade. Source: Compiled by the
author. 

Commo-
dities

Surplus/ 
deficit

(1000 ton)

Virtual 
water 

content
(m3/kg)

Virtual water
import/export

Mm3

Vegetables -128.1 0.5 -64

Field crops -314.5 1.0 -314.5

Citrus 111 0.5 +56*

Fruits -19.5 0.5 -9.8

Olives 
(rainfed)

45.7 2.0 +91**

Red meat -30.8 50 -1580

Poultry -35.1 3.5 -122.8

Eggs -17.2 3.7 -63.4

Milk -189.9 1 -189.9

Total -2,200***

* Water export (Blue water) 
** Green water 
*** Water import
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the Middle East. Its agricultural exports to or through
Israel have been regulated and restricted. The follow-
ing problems are currently facing Palestine:

• Limited range and quality of products available for
export;

• Lack of information about external market oppor-
tunities;

• Disrepair of the physical infrastructure with inef-
fective and weak institutional infrastructure for
investment and trade promotion;

• Frequent border closures, resulting in limitation
on the free movement of agricultural produce.

Traditional agricultural production has been either
stagnant or declining due to: population increase, the
limitation or deterioration of natural resources, costly
agricultural technology and limited market access.
Furthermore, another factor restricting the optimal
utilization of the comparative advantage is the press-
ing need to attain a certain level of food security, on
the national and the household levels (Al-Hamaidi
2000). Thus, in the future the main threat to agricul-
tural production is not economic, nor trade depend-
ant but rather ecological.

Virtual water trade and cooperation between
neighboring countries is the direction of Palestine to
reach food security, and to reduce poverty. But given
the prevailing political instability, it may be wise for
Palestine to satisfy its own needs.

13.5 Agricultural Policy Measurement 
of Virtual Water 

1. The country has to continue importing virtual
water imbedded in food commodities. 

2. Exports of citrus from Palestine contribute to a
huge virtual water loss and cause groundwater
desalinized from over pumping. They could be
replaced by vegetables. 

3. To improve the water situation in the Gaza Strip,
Palestine should shift certain crops from the Gaza
Strip to the West Bank, which has better water
quantity and cultivated areas. Agricultural water
should be reallocated to domestic uses.

4. The Palestinians have the rights to the physical
water or water in any forms like virtual water in
agricultural production which occurred in the
occupied Palestinian lands.

5. Developing the industrial and services sectors
(Gaza harbor and airport), thus creating new jobs
for workers now employed in the agricultural sec-
tor.

6. Increase the agricultural quality to compete in
international markets.

7. Research on a better use of wastewater in agricul-
ture is needed.

8. Agriculture needs political support from the Pales-
tinian Authority.  

13.6 Conclusion

This study analyzed the virtual water trade in Palestine
from a water resources management perspective. The
analysis focused on agriculture as a huge water con-
sumer in Palestine. The availability and access to wa-
ter, rather than a scarcity of land, remain the greatest
obstacle to the Palestinian agricultural sector. Agricul-
tural exports generated insufficient economic benefits
at the national level. The Palestinian government has
not subsidized the agricultural sector and water prices
have been very high. Consequently at the farmer’s
level, the value of agricultural exports does not reflect
the real cost of water. 

Palestine is not self-sufficient in producing food
commodities to meet the national demand. In virtual
water trade it imported about 2,200 Mm3, while it ex-
ported citrus with 56 Mm3/year of blue water and 91
Mm3/year of green water from olives. Due to the so-
cio-political constraints, water resources have become
very complicated. Thus, Palestinian farmers have to
keep their lands planted with different trees and crops
to prevent Israeli occupation. 

The agricultural sector accounts for 63 per cent of
the total water use; it contributes 14 per cent of the
GDP, and employs 19–22 per cent of the Palestinian
labor force. Palestine as a semi-arid and arid country
has not been optimizing the use of its limited water re-
sources. By continuing to export virtual water the
country is reducing the volume of water available for
alternatives of more profitable or sustainable use. The
Gaza Strip has been in a critical situation compared to
the West Bank in term of water quantity and quality.
This requires improving the water situation by shifting
some agriculture crops to the West Bank, but also to
develop the industrial sector and the public services
to create new jobs for agriculture workers. 

Currently, the water situation is unsustainable, and
water demand greatly exceeds water supply. The pro-
jected demand is expected to increase with popula-
tion growth. Agricultural water policies are needed by
increasing water use efficiency to get ‘more crops per
drop’, and effectively allocate the water to get ‘more
jobs per drop’.
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Abstract

Israel and the Palestinian Authority (PA) exist in a semi-arid region where the overwhelm-
ing use of water is for agriculture. The water deficit that faces each can be closed either
by importing food, importing water, achieving higher productivity per unit of water input,
or manufacturing water by techniques such as desalination. The problem arises because of
autarky in the production of water and the absence of an international trading market for
water. Each country can only use the water within its borders or the water it can pilfer
from its neighbor if it is an upper riparian. It is as if every country was confined to the
energy it could produce within its own borders and did not have access to imported
energy on an international market. Obviously, no one would countenance this policy con-
dition for a moment – very few countries could survive in this regime – and the immediate
answer would be to trade energy through an international market. But this is precisely
what is not done with water. Absent an international trading market, water flowing down
its natural course can create national security conflicts and sometimes wars among neigh-
boring countries that share a common water resource, whether it be fresh water above
ground in a river or below ground in an aquifer. In the context of water issues between
Israel and the PA, this paper will explore problems of water pricing, the relationship
between food and water security, the feasibility of an international trading market for
water in the 21st century, and how such an arrangement compares in price and efficiency
with the principal alternative, desalination. 

Keywords: food security, water pricing, international water markets, water conflicts 

14.1 Introduction

Food security is connected to water security and both
pose national security challenges. Countries that suf-
fer from water deficits invariably have food deficits
and these conditions contribute to tensions between
themselves and neighboring countries that can erupt
into violent confrontation. This chain of security
problems derives from the usage of water for food
production. Of all the uses of water, food and agricul-
tural production are the most extensive and intensive.
Per unit of outcome, their per unit input dwarfs any
other use of water. It follows, therefore, that food se-
curity is particularly problematic in arid and semi-arid

regions and countries where the most intractable con-
flicts over water occur.

Oil is the commodity that has dominated 20th cen-
tury security conflicts. In the 21st century that com-
modity will be freshwater. Unlike oil, however, fresh-
water has no substitutes.1 Economic development,
population growth, and urbanization — coupled with

1 Coal, for example, can be used in place of oil in power-
ing turbines for electricity. With freshwater, however,
substitutes are limited only to so-called ‘grey water’ –
partially salinated or treated re-cycled water – for house-
hold sanitation, industrial cooling, or a few agricultural
products.
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universal policies of subsidization and under-pricing —
have resulted in an over-exploitation of increasingly
scarce water resources with accompanying environ-
mental degradation. Water for domestic agriculture
and industrial uses is becoming so scarce in some re-
gions that imminent security conflicts are upon us. In
others there are conflicts over a dam in one country
that alters the flow of a river across borders. 

The common denominator of water is that it
courses through several countries, each trying to con-
fine it for its purposes, whether withdrawal or power
generation. Aquifers, for example, often extend be-
yond a single country, so that ground water use in one
country degrades and diminishes its availability in an-
other. Water is an exemplar of a globalization that
does not recognize borders and fits into a 21st century
class of new security challenges. The same river or aq-
uifer transects many countries, creates environmental
problems in one that spill over to another, and pro-
duces conflicts over uses and the environment. While
these problems have always existed, they have now
reached such a peak of importance that emerging wa-
ter-induced national security challenges confront con-
ventional analyses of national security threats.

14.1.1 Some Water and Agricultural Facts

There is currently a widespread discussion of water as
a human right which intersects with discussions of
food security and minimal guaranteed food as a basic
human right. Some advocates go so far as to campaign
for free or nearly free water unlimited in scope. This
is easily dismissed, because of resource constraints,
uneven allocation of water resources across regions
and countries, and the basic economic law that a low
or no price for a commodity will encourage waste,
over-consumption, and inefficiencies, all of which
threaten the environment and do not conserve a nat-
ural resource. In a balanced assessment of these cam-
paigns, Peter H. Gleick – one of the most authorita-
tive analysts of water – concludes that 50 liters per
person per day of fresh water is a minimal require-
ment, broken down among five liters per day for
drinking, 20 for sanitation, 15 for bathing, and 10 for
food preparation. This does not include the heavy use
of water for food production, which he estimates at
2,700 liters (per day), ranging from current usage of
about 5,700 liters in North America to 1,800 in Sub-
Saharan Africa (Gleick 2000: 10–11). These variations
reflect water scarcities and diet adaptations. The 50
liter per day per person minimal requirement can be
provided at a price that is subsidized. Above that level

the true long term conservation price can be used,
thereby satisfying the dual objectives of delivering a
minimum freshwater requirement to everyone at an
affordable price and introducing a long term conser-
vation price that will yield preservation of a scarce nat-
ural resource.

Freshwater for individual consumption and agri-
cultural production derives from two sources: renew-
able and non-renewable. Non-renewable freshwater
comes from underground aquifers whose water is ei-
ther harvested or mined. Harvested aquifer water re-
plenishes itself but only slowly and at a pace that is
not equal to its withdrawal. Like minerals that form
under the earth’s surface, these underground rivers
come from seepage into the soil and accumulate over
hundreds if not thousands of years. Once withdrawn
they do not reappear unless there is natural or artifi-
cial re-charge. In virtually every instance of harvested
aquifers, the rate of withdrawal vastly exceeds the rate
of re-charge. In addition, this resource becomes unus-
able long before the water is depleted because salina-
tion typically sets in once the aquifer has been drawn
down and before it is physically depleted. Then it can
no longer be used for freshwater. Aquifers that have
no source of replenishment are mined; once with-
drawn there is no replacement, much like oil or coal.

Renewable freshwater derives from precipitation
during the process of a hydrologic cycle in which en-
ergy from the sun evaporates fresh water from the
earth’s supply in rivers, lakes and on land surfaces and
redistributes it around the world in an unequal trans-
fer across time and space, depending upon atmos-
pheric conditions throughout the globe. How much
freshwater there is cannot be easily determined be-
cause much runs off into oceans that could be
trapped into reservoirs. Some water deficit countries
simply do not have enough renewable freshwater
sources, typically those in arid and semi-arid regions.
Others are rich in potential freshwater but do not cap-
ture it. Various soft and hard technologies can go far
in alleviating water deficits in what are otherwise
countries that are potentially rich in freshwater. 

The existing data on aggregate water resources are
approximations, therefore. The best estimates are that
of all water on earth 96 per cent is salt water found in
oceans. Of the remaining four percent of freshwater
stocks over two-thirds (68 per cent) are in glaciers or
permanent snow cover. Fresh renewable groundwater
sources that are replenished through the hydrologic
cycle make up 30 per cent of freshwater stocks in
lakes and rivers. These annual renewable water re-
sources were just less than 50,000 cubic kilometers
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(km3). They are heavily concentrated and unevenly
distributed across regions and countries, not unlike
most other natural resources. Twelve countries had 61
per cent of these freshwater resources in 2000 (Gleick
2000: 21, 199–202).2

Agriculture is by far the most aggressive user of
freshwater. Across 159 countries the unadjusted raw
mean for percent of water withdrawal allocated to ag-
riculture is 62 per cent with a wide variance across
countries. By region the 26 countries of west and east
Europe devote 25 per cent of their water withdrawal
to agriculture, as much as 63 per cent in Greece and
only 3 per cent in the United Kingdom and 4 per cent
in Belgium. Africa devotes 43 per cent, ranging from
the Congo River fed and water-rich Democratic Re-
public of Congo (23 per cent) to 89 per cent in Mo-
zambique and Tanzania. Israel used 79 per cent of its
freshwater for agriculture and Jordan 75 per cent in
the early 1990s (Gleick 2002: 245–251).3 There is a
trade-off between using water for agriculture and for
other uses as against the use of food imports as a way
to import water indirectly by substituting food im-
ports for water allocation to domestic agriculture. 

For water deficit countries, supply can be aug-
mented in a variety of ways: improved efficiency with
the use of water inputs, especially in agriculture;
proper scarcity pricing that provides an incentive to
conserve and allocate water more effectively across
end uses; so-called hard technologies such as desalina-
tion and soft technologies such as better drainage sys-
tems to collect rain run-off. One direction that has
not been as thoroughly vetted as these others, is the
creation of an international market for freshwater that
is traded among countries.

14.2 International Water Markets

Food deficit countries coincide with poor nations in
arid and semi-arid regions where agricultural produc-
tivity growth has not kept pace with population
growth. Arid and semi-arid regions can only close
their water deficit either by importing food, import-
ing water, achieving higher productivity per unit of wa-
ter input, or manufacturing water by techniques such
as desalination. The problem arises because of au-
tarky in the production of water and the absence of

an international trading market for water. Each coun-
try can only use the water within its borders or the wa-
ter it can pilfer from its neighbor if it is an upper ripar-
ian. It is as if every country was confined to the
energy it could produce within its own borders and
did not have access to imported energy on an interna-
tional market. Obviously, no one would countenance
this policy condition for a moment – very few coun-
tries could survive in this regime – and the immediate
answer would be to trade energy through an interna-
tional market. But this is precisely what is not done
with water. Every country is autarkic, cannot import
water in any meaningful way on an international mar-
ket, and in fact seeks to monopolize whatever water
resources course through it and neighboring countries
if it is an upper riparian and can do so with dams, di-
versions, and reservoirs. Absent an international trad-
ing market these schemes to prevent water from flow-
ing down its natural course create national security
conflicts among neighboring countries that share a
common water resource, whether it is fresh water
above ground in a river or below ground in an aquifer.
We would never conceive it possible for every country
to be dependent only on the energy it can produce.
Why not the same with the water?

There are several answers to this question. Water,
first, has an existential claim on the psyche, critical to
survival and mystically attached to birth itself by emer-
gence from the water-encapsulated womb. Second, its
transparent existence as a nation’s resource for all to
see, consume, and play in feeds water nationalism, a
mark of distinctive national identification. There is
thirdly an absence of a ‘property right’ in water. With-
out a clearly defined property right there can be no
market, and it is difficult to create a price that reflects
allocational efficiencies and domestic scarcities that
are needed for assessing the competitiveness of the in-
ternational, market-based water price. This leads to
additional and related problems. Water is under-
priced by political authorities who exercise a surro-
gate property right. Water is heavily subsidized, and
there is inattention, as well, to long term conserva-
tion. This is particularly important for the price subsi-
dies given to agriculture in order to award political fa-
vor to food producers. Every country does this, partly
because of the iconic character of water, the mythol-
ogy surrounding the land and food production, and
the base popular fear of not being self reliant in food
production.

Countries in fact do export and import water but
not in a transparent way and in a form that frequently
worsens their water deficit. They do so by importing

2 This does not include the non-renewable sources from
aquifers that account for significant amounts of fresh-
water withdrawal.

3 The data reported by Gleick in 2002 are a bit dated:
1990 for Israel and 1993 for Jordan.
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and exporting food. Since food products contain so
much imbedded water in their production process,
whenever food is exported, water is exported. Like-
wise for imports; whenever food or agricultural prod-
ucts are imported, water is imported. Water deficit
countries should then import food but not export
food. Many, however, are proud of their food exports
– a misplaced national pride that severely threatens
their water resources. International agencies such as
the International Monetary Fund advise poor coun-
tries – even those severely in water deficit – to special-
ize in export crops, a policy that is counter-intuitive
and worsens food security.

Instead of the quixotic quest for food self-suffi-
ciency, water deficit countries can more judiciously
achieve food security by importing food while remain-
ing food secure, indeed more food secure. Or they
can plan agricultural production so that crops with
low water requirements replace those with high water
inputs. A water deficit country need not fear a food
import boycott from hostile countries, because a mul-
titude of food exporters exists so the prospect of a
boycott or cut off from food is remote. Agriculture is
a commodity that has many highly competitive pro-
ducing countries and not susceptible to cartelization.
All that is needed for food imports is hard currency
that can be more easily acquired if water deficit coun-
tries move out of food production and into some
other less water intensive commodity that has an in-
ternational market. Food security, consequently, faces
a graver threat from distorted water policies than it
does from dependence upon food imports.

The absence of a property right in water hinders
the development of an international trading market
for water, because it requires political decisions that
are difficult for a country to transcend. Selling water
in water surplus countries is a symbolic political hur-
dle that is difficult to clear in the present economic
and political environment. Even the idea of importing
water either directly or indirectly through food im-
ports is a hard sell as a deliberate policy to shift out
of food production and reallocate scarce water re-
sources in water deficit countries to other more effi-
cient uses. This policy configuration will not be avail-
able until a real opportunity cost price for water is
established that reveals the allocation decisions for
water’s use as between food production and other
uses. There is today no international market for trad-
ing water, with one exception that will be discussed
later.

The estimated international trading costs of water
are probably not competitive today with the alterna-

tive of desalination, a process of removing salt from
salinated water in order to produce freshwater. How-
ever, we do not know this for a fact because the mar-
ket does not exist for international water trading
while it does for desalination. Desalination is very de-
pendent on energy and then there is the problem of
disposal of the saline residues. Saline waste disposal
will pose an increasingly serious environmental prob-
lem as desalination becomes more widely deployed.

We do not know what economies of scale can be
obtained once water is traded on an international
market. Likewise, desalination is also in its infancy
and will be attaining economies of scale and techno-
logical change as it becomes more widely used. We
also cannot assess the viability of international water
trading because existing prices for water are heavily
subsidized and therefore water does not even reach its
current market price not to mention a more effective
long term conservation price. All this will change in
this century as water supply becomes scarcer and de-
mands for it increases. Policy will begin to pay more
attention to water’s pricing, its supply, and the effects
of proper pricing on demand for water. Then a more
accurate opportunity cost for trading water interna-
tionally will become available. The evolution of oil as
a primary energy source in the 20th century offers a
case study in how a natural resource evolves from one
of perceived surplus to scarcity.

Once thought to be so cheap that consumers
hardly noticed their energy expenditures, oil prices
and dependence upon this resource captured every-
one’s attention in the 1970s. Taking the lead in expos-
ing a disjuncture between the short term price for oil
and its long term conservation price were environ-
mentalists who were far ahead of government public
policy. Many of the same environmentalists who rec-
ognized the need for a high price on energy – espe-
cially gasoline for cars because of its conservation in-
centives – typically oppose international water mar-
kets and proper water pricing. But the argument is the
same for both energy and water. Demand is reduced
and individuals adjust to higher energy prices by using
it more efficiently with less of a unit of input per unit
of output. A higher price induces technological
change and allows for the search for new supplies.
The same reasoning applies to water. Campaigns by
NGOs to make water a human right, give it away free
or at highly subsidized minimal prices, are inconsist-
ent with the same environmental advocacy of a
proper price for energy. Opposition to effective water
pricing and to international water markets are truly
counter-productive, because they injure the poorest
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countries that are most challenged by their water and
food deficits, particularly in sub-Saharan Africa.

Proposals for more extensive water trade on an in-
ternational market involve a plan to sell water from
Turkey’s Manavgat River to Israel, Austria’s offer to
supply the European Union, and Spain tapping the
Rhone River with a pipeline from Montpellier in
France to Barcelona. (Gleick 2002: 47) On 6 January
2004 an agreement in principle was signed between
Turkey and Israel in which Israel would import 50 mil-
lion cubic meters (m3), annually from Turkey for the
next 20 years (Gruen 2004: 228). When implemented
this will be the first large-scale import and export of
fresh water. Canada is a leader in developing trans-
port technology and has broached the idea of selling
water to the United States but strong national opposi-
tion has so far prevented this.4 There is one instance
of an emerging international market for water in the
form of bottled waters. Sales of bottled water world-
wide reached nearly 50 billion liters in 1999, starting
from about 4 billion liters in 1979. The United States
alone accounted for nearly 18 billion liters of which
eight percent was imported (Gleick 2002: 43–44). 

14.3 Water and Security Conflict

The great American man of letters, Mark Twain, is re-
puted to have said: “Whiskey is for drinking. Water is
for fighting over.” In the Near East, in the region sur-
rounding what is today Israel, water conflicts are men-
tioned in the Old Testament. From that point of ori-
gin to the modern period water disputes continue to
this day in the region. The relationship between water
and its attendant environmental disputes is empha-
sized by some and downgraded by others as national
security challenges. The literature in this field ranges
from a position that the environment has minimal to
no impact on national security to a point of view that
sees environmental degradation as a principal source
of security considerations. The fault line is between
those who view security in terms of borders and mili-
tary threat versus security in terms of the political and
economic viability of a nation at risk from water and

other environmental issues that recognize no national
borders.5

Although there are limited instances of direct asso-
ciation between environmental degradation, water,
and military conflicts among states, water conflicts
can nevertheless be a strong contributing factor to di-
rect conflicts. First, water security provides pretexts
for conflicts that have collateral causes, culminating in
either armed skirmishes or threats and in the extreme
direct military engagement. Second, the persistence
of resource conflicts involving water are a prime cause
of the inability of neighboring countries to settle their
relations, move toward more stable cross-border ac-
cords that are the goal of stable security compacts,
and prevent future military instabilities. Third, water
security can lead to an intrastate conflict among
groups within a nation that destabilizes regimes and
leads them to a more authoritarian hardening inside a
territorial space. Distributional consequences over use
of a critical resource such as water and their attendant
environmental outcomes can lead to intensification of
inequality, internal conflicts, and limitations on dem-
ocratic reforms inside authoritarian regimes. Such a
situation has several possible outcomes: a diversion of

4 A German shipping company, Meyer Werft, has devel-
oped a prototype of a vessel for transporting water.
(‘Water production and Supply Vessel’, June 1999) So-
called ‘Medusa Bags’ – inflatable containers for towing
water is part of the discussion between Turkey and
Israel for transporting water. One advantage of water as
opposed to oil transport is that if an accident at sea
occurs, there is no ecologically damaging spill.

5 The single place that best centers the literature on water
and environmental security is the Woodrow Wilson
Center’s Report from its Environmental Change and Se-
curity project. The Spring 1995 inaugural issue, Environ-
ment and Security Debates: An Introduction, sets the
stage for more specific case studies in subsequent vol-
umes. Articles in that volume by Geoffrey D. Dabelko
and David D. Dabelko (“Environmental Security: Issues
of Conflict and Redefinition”) and Richard A. Matthew
(“Environmental Security: Demystifying the Concept,
Clarifying the Stakes”) are particularly good syntheses.
The debate in the literature ranges from Charles Dun-
lap, “The Origins of the Military Coup of 2012” (Param-
eters, 1992–93) who argues that environment and water
conflicts should not be linked to national security to Jes-
sica T. Matthews, “Redefining Security” (Foreign Af-
fairs, 1989), who presents the case for the environment
as a prime source of security challenges in the 21st cen-
tury, and Robert D. Kaplan’s, “The Coming Anarchy”
(Atlantic Monthly, 1994) which had a large public im-
pact and caught the attention of Washington policy
makers. Two projects on environment and security pro-
vide a rich lode of case study materials: The Environ-
mental Conflicts Project, 40 cases published in two
volumes, summarized by its co-director, Gunther Baech-
ler in “Why Environmental Transformation Causes Vio-
lence: A Synthesis” (Wilson Center Report, Spring 1998)
and Thomas Homer-Dixon’s Project on Environment,
Population and Security, in his book co-edited with Jes-
sica Blitt, Ecoviolence (1998). 
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the conflict onto neighboring countries who are
blamed for the water-environmental decay, propagan-
dizing the population against those on the other side
of a border, and mobilizing for a military conflict that
has other more visceral antecedents. Alternatively, an
internal hardening can destabilize the regime, making
it vulnerable to intrusion from its neighboring country
and potentially leading to armed conflict. Environ-
mental stress over water disputes, therefore, is a signif-
icant threat within a conflict matrix.

The literature on hydrological security cites river
basin inter-state conflicts as the most direct example of
the links between environment and security. This is
the conclusion drawn from two international research
programs: some 40 case studies conducted by an inter-
national team of researchers at the Swiss-based Envi-
ronmental Conflicts Project and the joint University of
Toronto and American Association for the Advance-
ment of Sciences Project on Environment, Population,
and Security. Their results point toward the unequal
power relations between upper and lower riparians
and environmental stress caused by pollution and eco-
logical degradation deriving from two sources: upper
riparian export of ecological problems downstream to
the lower riparians and the absence of any incentive
on lower riparians to control pollution owing to dis-
tance from control over the source and the lack of
‘property rights’ over the flow. This becomes a classic
economic case of a negative externality that leads to in-
adequate long-term scarcity pricing of the resource.
Everyone sees themselves as a free rider on an indivis-
ible public good. In the region, it is the intersection of
such environmental problems as water scarcity and
pollution, within a comprehensive historical conflict,
that yields important impediments to their resolution.

The one instance often cited that connects water-
environmental security to military conflict is the 1967
war in the Middle East when the diversion of the Jor-
dan River and its feeders led to Israel’s preemptive
strike against Jordan, Syria, and Egypt, leading to the
Six Day War, an alteration in the map of the Middle
East, and a territorial and resource dispute that re-
mains one of the most serious and intractable unre-
solved security problems today, some 40 years after
the war. The diversion of the Jordan River was but
one part of a larger matrix of political conflicts in the
region. It has, however, become part of an accepted
explanation for the timing of military conflict and re-
mains a perceptual cause of war in the consciousness
of Israelis, Syrians, and Jordanians.6

The aftermath of the 1967 war has allowed Israel
to become an upstream riparian on the Upper Jordan

system. This has put it in a favorable strategic position
vis-à-vis the downstream riparians of Jordan and the
Palestinians. Jordan is in a particularly vulnerable posi-
tion because it is a downstream riparian as well with
the Yarmouk where Syria is upstream. The Palestini-
ans are likewise downstream and are disadvantaged
further with respect to ground water on the West
Bank. About half of Israel’s annual supply of ground
water and about one-quarter of its total renewable
supply of fresh water originates in West Bank aquifers.

There were three attempts at a resolution of water
and environmental security issues in this region prior
to Oslo: in 1953–55 (with the Johnston Plan), in 1976–
1981, and in 1987–1990. Although considerable
progress was made on the technical issues, they all ul-
timately failed because of the absence of a wider po-
litical concord. The peace treaty with Jordan (1994)
included sections on water and environmental secu-
rity between the two countries. A subsequent working
group has produced proposals and actual projects.
Separately, a working group on water resources, con-
sisting of delegations from 29 countries including
representation from Africa and the Middle East, as
well as Israel, the PA, and Jordan, met as part of the
multilateral track. Its purpose was to provide impartial
mediation, to develop confidence-building technical
projects as a complement to the bilateral political ne-
gotiations with the prospect of each informing and in-
fluencing the other.

The interim conclusion one can draw is that a wa-
ter and environmental security accord awaits a
broader political settlement. However, this does not
preclude sharing technical information, designing
projects, collecting accurate data, and considering
unique solutions in anticipation of a wider political

6 Two books provide an excellent analysis, history, and
synthesis of water disputes and proposed solutions:
Miriam R. Lowi (1993) and Daniel Hillel (1994). Hydro-
logical engineering analyses are contained in Mashiro
Murakami (1995). The proceedings of the first joint
Israeli-Palestinian conference on water are in J. Isaac
and H. Shuval (1994). The papers from a UN sponsored
conference at the University of Illinois that brought
together technical experts from countries in the region
were published in Proceedings of the International Sym-
posium on Water Resources in the Middle East (1993).
Specific treaties and agreements are available in full text
from either government web sites or in the case of the
Israeli-PA agreement on water in Martin Sherman
(1999). Technical analyses of proposed water projects
appear in Elisha Kally (1993). The complex negotiations
with Syria, including water, are detailed in Itamar Rab-
inovich (1998) and with the PA in Uri Savir (1998).
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agreement so that once such an accord is in place
these plans can be taken off the shelf and imple-
mented quickly without having to spend several years
in their design. One such effort was the first Israeli-
Palestinian International Academic Conference on
Water (1992) co-sponsored by Israeli and Palestinian
academic institutions. These technical efforts consti-
tute a confidence building movement toward conflict
management and resolution and become part of a
more general security enhancing mosaic.

Scarcity of water, unequal access as between upper
and lower riparians in a river basin, and ground water
in aquifers that traverse disputed boundaries form
one environmental security subset. Another is pollu-
tion of water sources, inadequate treatment of sew-
age, losses due to runoffs that arise from failures to
provide adequate catchments, and inefficient manage-
ment of existing water resources. The section of the
Jordan Basin involving Israel and Jordan has been the
subject of considerable formal and informal discus-
sion, joint technical planning, and currently intensive
project implementation. These developments have
moved farther along than any other. However, they
are hampered by the absence of Syria and Lebanon,
critical countries in the headwaters of the Jordan
River. As between Jordan and Israel, water and envi-
ronmental security were a significant part of the
Treaty of Peace between the State of Israel and the
Hashemite Kingdom of Jordan (26 October 1994). Ar-
ticle 6 of that treaty spoke of a “lasting settlement of
all the water problems” between the two countries
and committed them to “jointly undertake to ensure
that the management and development of their water
resources do not, in any way, harm the water re-
sources of the other party.” This was supplemented by
a detailed Annex II that contained provisions for allo-
cation of water at varying times of the year, water stor-
age, water quality and environmental protection of
the water supply, and groundwater issues. Article 18
of the treaty added an environmental section, supple-
mented by details in Annex IV of the treaty. A country
whose land mass is three-quarters desert with few wa-
ter resources of its own, Jordan has taken the lead in
efforts at regional peace and cooperation but is partic-
ularly vulnerable to internal destabilization and the se-
curity threat this poses.

14.4 Food and Water Security

Food security is inextricably linked with water security
in arid and semi-arid regions and both connect with

environmental security and national security conflicts.
Israel and its surrounding region is a singular case
study in this matrix of security problems. To soft tech-
nology policies such as better waste management, use
of grey water where appropriate, and water saving ag-
ricultural techniques to hard technologies of desalina-
tion must be added economic policies. These include
the phasing out of most water subsidies, long-term
conservation pricing, moving away from water absorb-
ing agricultural production, and finally the develop-
ment of an international trading market for water
where water is put on the same footing as all other
natural resources. No single policy can succeed and
only a matrix of policies will work.
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Abstract

This chapter analyzes the status of Turkish plans to export water to Israel, Palestine, Cy-
prus, and other countries in the Middle East. The most ambitious of these was President
Turgut Özal’s 1986 ‘Peace Water Pipeline’, a $ 21 billion project to bring water from the
Seyhan and Ceyhan rivers via pipelines to cities in Syria, Jordan, and the Arab Gulf States.
This chapter examines why this was not implemented. A shorter pipeline from the Seyhan
or Ceyhan rivers to Syria and Jordan, estimated to cost $ 5 billion, may become feasible
following the recent rapprochement between Turkey and Syria, but extension of the pipe-
line to Israel and the Palestinian territories requires a breakthrough in Syrian-Israeli rela-
tions, including resolution of disputes over Jordan River headwaters and the Syrian access
to the Sea of Galilee (Kinneret). This chapter will assess the progress of a Turkish export
scheme that has been approved in principle: Manavgat water to Israel. Israel has agreed
to purchase 50 MCM annually for 20 years from the Manavgat River near Antalya, but as
of November 2006 the agreement had been shelved because the parties had neither final-
ized the price nor selected the company to implement the water transfer. Israeli advocates
of desalination object to the price of Turkish water and question the wisdom of relying on
Ankara, whose government has lately been critical of Israeli policies. Palestinian water of-
ficials express interest in Turkish water if the cost is subsidized by international aid agen-
cies. Ankara views the Manavgat ‘Peace Water Project’ as its contribution to the Arab-Israel
peace process. A 100 MCM capacity desalination plant was opened in Israel’s coastal city
of Ashkelon in October 2005, while the idea of importing Turkish water was revived in
April 2006 as part of a multi-million-dollar energy and water project that will utilize four
underwater pipelines to transport water, electricity and high–speed data, natural gas and
oil to Israel. Some of the water would be earmarked for Palestinian and Jordanian use,
while most of the oil would be transferred by tankers to the Far East. The European In-
vestment Bank is undertaking a $ 50 million feasibility study.

Keywords: Cyprus, Israel, Palestine, Turkey water exports. 

15.1 Turkey’s Natural Advantage as a 
Water Supplier

In contrast to the semi-arid climate and consequent
scarcity of water that afflicts many of the countries of

the Middle East, Turkey has been blessed with a rela-
tive abundance of water resources. The main problem
for Turkey is the domestic one of distribution: How
to bring this water to the rapidly growing cities and
agricultural communities located at considerable dis-
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tance from the river sources? Moreover, since such
major rivers as the Euphrates originate in Turkey be-
fore flowing down into Syria and Iraq, Turkey is by
nature a significant exporter of water. This fact has
embroiled Turkey in decades of controversy with its
downstream Arab neighbors over the equitable distri-
bution of this valuable natural resource. Even the
terms of the debate have been in dispute. Ankara con-
tends that the issue is one of Turkey’s gracious ‘allo-
cation’ of part of its national water patrimony, based
on the theory that the Euphrates is a ‘transnational
river’, over whose resources Turkey enjoys full sover-
eignty until it flows into Syria. Damascus and Bagh-
dad argue that the Euphrates is an ‘international river’
and therefore Syria and Iraq should enjoy equal ripar-
ian rights with Turkey and that what is required is to
devise a fair and equitable formula for ‘sharing’ their
common water resource. 

The various water negotiations among Ankara, Da-
mascus, and Baghdad since the establishment of the
Turkish Republic in 1923 are described in earlier stud-
ies (Gruen 1993, 2000a, 2000b, 2002). Stripped down
to its essential core, the basic argument is over what
constitutes a fair and equitable allocation of the Euphra-
tes’ annual flow. Statistics show that before Turkey con-
structed dams and diverted considerable water into
pipelines to irrigate additional fields in Southeastern
Anatolia, the normal natural flow of the Euphrates av-
eraged around 1,000 cubic meters per second (m3/sec)
at the point the river crosses from Turkey into Syria.
The Arab states argue that since there are three states
sharing the river’s flow, each is entitled to one-third, giv-
ing the two Arab states a total of around 667 m3/sec. 

The Turkish counter argument is that since nearly
90 per cent of the Euphrates river’s flow originates in
Turkey, Ankara has been generous in agreeing to sup-
ply Syria with 500 m3/sec., which in a year totals
some 15.7 billion m3 or roughly half the river’s flow.
This figure was enshrined in a protocol concluded be-
tween the Turkish and Syrian Prime Ministers in July
1987.  However, this was to be only a temporary ar-
rangement until the reservoir created behind the giant
Atatürk Dam was filled. At that time a permanent ar-
rangement would be negotiated. The Atatürk dam be-
gan to generate electricity in July 1992 and the first of
two large tunnels to divert water for irrigation was
completed in November 1994. However, as of Novem-
ber 2006, Syria and Turkey had not yet reached agree-
ment upon the terms of a permanent apportionment
of the Euphrates flows. Syria and Iraq have enlisted
the help of the Arab League to support their demands

that Turkey increase its allotment to them (Gruen
2002: 10– 24). 

Özden Bilen, former head of the Turkish State Hy-
draulics Works (DSI), reports that Turkey contributes
31.6 billion cubic meters (BCM) or 90 per cent of the
average 35 BCM annual flow of the Euphrates, as well
as 21.3 BCM or 40 percent of the flow of the Tigris
(Bilen 2000). Peter Beaumont, an international water
authority, supports Ankara’s position on the Euphrates,
noting that since approximately 90 per cent of the
river’s flow originates in Turkey, in terms of both “inter-
national precedent” and “natural justice, it does not
seem unfair that Turkey should be able to utilize up to
one-half of the water which is generated within its bor-
ders” (Beaumont 1991).1 

15.2 Özal’s ‘Peace Water Pipeline’

The concept of exporting Turkish water to promote
regional peace and economic development in the
Middle East has been a constant in Turkish foreign
policy since the late President Turgut Özal in 1986
proposed an extensive ‘Peace Water Pipeline’. This
was a $ 21 billion project to bring vast quantities of
water from the Seyhan and Ceyhan Rivers via two
pipelines to supply the major cities in Syria, Jordan,
and the Arab Gulf states. The pipelines could convey
10 million cubic meters of water every day, which was
estimated as sufficient to meet the needs of 15 million
persons. The original Turkish proposal also envi-
sioned making some of this water available to Israel.
However, when some Arab states objected, Ankara
modified its proposal, saying that Israeli participation
would have to be deferred until after the conclusion
of peace treaties between Israel and its Arab neigh-
bors. Although Jordan and Israel concluded a Peace
Treaty in 1994, following the earlier Egyptian-Israeli
Peace Treaty in 1981, Syria and Lebanon have not yet
done so.

It should be noted that unlike the Tigris and
Euphrates, the Ceyhan and Seyhan rivers originate
and flow entirely within the sovereign territory of Tur-
key before emptying into the Mediterranean Sea. The
pipeline idea was rejected by the oil-rich Gulf states,
which Turkey hoped would finance the giant project.
The Saudis contended that desalination was a cheaper
solution, since they could fuel flash distillation desali-
nation plants with surplus gas produced as a byprod-

1 For an analysis of Turkish projects utilizing Euphrates
water, see: Kolars/Mitchell (1991).
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uct of their oil production. In a conversation the au-
thor had with President Özal during his visit to
Columbia University shortly before his death in 1993,
the Turkish leader told him the Saudis failed to calcu-
late the true cost of desalination since they did not as-
sign any value to the natural gas being flared off
rather than being liquified and sold. He was confi-
dent that eventually Saudi Arabia and other Gulf
States would realize the value of the Turkish water for
them. Alev Kiliç, Deputy Undersecretary in the Turk-
ish Ministry of Foreign Affairs, recently told the au-
thor that Ankara was still hopeful that the long pipe-
line extending to Saudi Arabia would ultimately be
built (Kiliç 2004). 

Beyond the relative costs of desalination versus
the water imports from Turkey, the Arab Gulf states
were weighing the political risks. A major reason for
rejecting the Turkish proposal was political: the Sau-
dis feared disruption of the flow by one of the states
through which the water pipeline passed before reach-
ing them. Saddam Hussein’s invasion of Kuwait in Au-
gust 1990 reinforced this fear. However, the Kuwaiti
experience also pointed out the vulnerability of desal-
ination plants. When the retreating Iraqi forces set
many Kuwaiti oilfields on fire, large quantities of oil
spilled into the Persian/Arabian Gulf. The U.S.-led al-
lied forces managed to cap the oil wells just before
the oil spill reached the intake points of the desalina-
tion plants in Kuwait and Saudi Arabia. The recurring
acts of sabotage against oil pipelines by terrorists in
Iraq following the overthrow of Saddam Hussein in
March 2003, have once again highlighted the vulnera-
bility of pipelines to disruption.

Some political commentators in the Arab world in
the mid-1980’s had questioned the seriousness of the
Turkish intentions with regard to the giant multi-bil-
lion dollar water pipeline project to the Arab states.
Some contended that Ankara had only raised the pro-
posal to deflect criticism in the Arab world over Tur-
key’s failure to yield to Syrian and Iraqi demands for a
greater share of the water resources of the Tigris and
Euphrates rivers. In 1946, Turkey and Iraq signed a
Protocol for the Control of the Waters of the Tigris
and Euphrates and their Tributaries. They agreed that
flood control dams and storage facilities would most
effectively be built upstream on Turkish territory.
They also promised to exchange hydrological and me-
teorological data daily during flood periods. The nor-
mal flow of the Tigris and Euphrates was adequate to
meet the needs of the relatively small populations of
Turkey, Syria and Iraq. However, in the mid-1960’s
the three countries began large-scale projects to build

major dams to produce hydro-electric power and ex-
pand the areas of irrigated agriculture. The first of
these was the Keban Dam and Power Plant on the
Euphrates in Turkish territory. Ankara shared techni-
cal information on this project with Syria and Iraq. In
a tripartite meeting in Baghdad, in September 1965,
Turkey proposed the creation of a Joint Technical
Committee (JTC) to study the entire Tigris-Euphrates
basin. Syria at first endorsed this idea, but Iraq in-
sisted that the flow of the Euphrates be considered
separately from that of the Tigris. Turkey argued that
the Iraqi position was not reasonable since there were
already plans to develop canals to link the two rivers
in Iraq. These have since been completed. Moreover,
the Tigris and Euphrates in fact naturally flow to-
gether into the Shatt-al-Arab in southern Iraq, before
emptying into the Persian/Arabian Gulf. After 1980.
Syria adopted the Iraqi position. The JTC met numer-
ous times but was not empowered to make major po-
litical decisions. 

Meanwhile, the populations of the three countries
have been increasing rapidly and the demand for wa-
ter has increased exponentially. It has been estimated
that the combined development plans of Turkey, Syria
and Iraq, if fully implemented, would require more
than 150 per cent of the normal total flow of the Ti-
gris and Euphrates! Thus one can make a plausible
case that Özal’s ‘Peace Water Pipeline’ was not simply
an exercise in public relations. It was a serious pro-
posal made in good faith by Ankara to help Syria, Iraq
and other Arab neighbors – as well as Israel – cope
with the anticipated shortfall in available water re-
sources to meet the growing domestic demands of
their burgeoning populations and the expanding re-
quirements for irrigated agriculture and industrial
production. 

15.3 Denial of the Nile Option

In theory, another potential source of water for Pales-
tinians in Gaza and possibly also Israelis living along
Israel’s coastal plain is the Nile River. Some years
back, Elisha Kally, an international water authority
working at Tahal, Israel’s water research institute, pro-
posed an arrangement under which Israeli scientists
would provide technical expertise in drip irrigation
and other water saving technologies for application to
agriculture in the Nile Delta. As a contribution to
Arab-Israel peace, Kally suggested that 50 per cent of
the water Egypt saved be exported by pipeline to meet
the needs of the water-stressed Palestinians in the
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Gaza Strip and possibly also for resettlement of some
Palestinians in new communities either in Gaza or
along the Sinai coast. Egyptian officials the author has
spoken to about this, notably former United Nations
Secretary-General Boutros Boutros-Ghali, dismissed
the idea as impractical. In his previous post as Egyp-
tian Minister of State for Foreign Affairs, Boutros-
Ghali had been in charge of Egypt’s negotiations with
the Sudan and the other riparian countries. He also
had chaired the UNDUGU organization of Nile ripar-
ians. He pointed out that Egypt was not free to export
Nile water out of the basin without the approval of
the other riparians. Ethiopia, which “alone supplies
84 percent of those waters, as well as the immense
aluvium fertilizing the lower reaches of the Nile,” had
already on 6 February 1956 lodged a formal complaint
with Egypt and the Sudan over their proposed agree-
ment on allocation of the Nile waters (Text cited by
Bilen 2000: 130–131). Other upper riparian states have
also complained that the huge quantity of water being
used by Egypt and the Sudan was stifling their own
development needs. 

At a conference of the International Water His-
tory Association (IWHA) in Alexandria, Egypt in De-
cember 2003, this author met with Hassan Wahby,
head of the Institutional Reform Unit at the Egyptian
Ministry of Water Resources and Irrigation. He con-
firmed that in the newly established agricultural settle-
ments on lands reclaimed from the desert they were
instituting the water-saving technologies developed by
Israeli scientists. But he reiterated that Egypt would
not be able to provide any Nile water to Israelis or Pal-
estinians. To do so would arouse fierce opposition
and would undermine the water sharing agreements
that Egypt had so painstakingly negotiated with the
nine upper riparian states (Wahby 2003). 

15.4 Palestinians, Israelis and 
Jordanians Face ‘Water Stress’

Malin Falkenmark (2000) of the University of Linkop-
ing, Sweden, developed the concept of ‘water stress’.
According to her calculations, countries having more
than 2,000 cubic meters (m3) of fresh water available
for all uses per person, per year were in the ‘water
abundance zone’, while those having less than 500 m3

per capita were in the ‘water stress zone’. Ranking
eight Middle Eastern countries in terms of per capita
water availability in 1991, Falkenmark (2000) found
only three with adequate supplies: Turkey (4,600),
Iraq (4,400), and Lebanon (3,000). Syria (1,300) and

Egypt (1,200) were in an intermediate position. Al-
ready under severe water stress were the Palestinians
(165), Israel (300) and Jordan (300). 

As regional population increases, per capita water
figures will decline further. Deborah Sontag reported
in The New York Times in February 2000: “The pop-
ulation explosion in the Palestinian-governed Gaza
Strip appears to be unrivaled in the world. Its popula-
tion of 1.1 million – half under 15 – is expected to dou-
ble by 2014, which would “pose almost unimaginable
strains” on an area with “almost no natural re-
sources.” She noted that the combined Palestinian
population of over 3 million in the West Bank and
Gaza was expected to rise to 5.5 million by then. And
this is without return of any of the more than
800,000 Palestinian refugees now in Lebanon and
Syria (Sontag 2000).2 

While the high fertility rate of more than 7 per
woman in Gaza is similar to that of Somalia, the cru-
cial difference is that whereas infant mortality is still
high and life expectancy is still very low in Somalia, in-
fant mortality in Gaza is half the world average and
life expectancy is 73 years, similar to that in the
United States and Israel. 

Amnon Rubinstein notes that within the territory
of the State of Israel there has also been a dramatic de-
crease in infant mortality. The infant mortality rate in
Mandatory Palestine in 1943–44 was almost 10 per cent
for Muslims, 7 per cent for Arab Christians, and 3.5 per
cent for Jews. In 2001, the infant mortality rate among
Jews was 0.41 percent, among Muslims, 0.82 percent,
and among Christians, 0.2 percent. The overwhelming
majority of Muslims were members of Israel’s Palestin-
ian Arab communities. According to recent figures of
the World Health Organization, the average life expect-
ancy in Europe, in 2000, was 69.6 years. “The Israeli
Arab male, with a 74.4-year life expectancy average, was
very close to the figure for Germany, 74.9 years, and
for the U.K., 75.6 years” (Rubinstein 2003: 5–6). 

Jordan also faces a worsening crisis. Its population
growth rate was officially estimated at more than 3.6
per cent per year. Natural increase in 1991 was swelled
by more than 200,000 Jordanians, mainly of Palestin-
ian origin, who returned from the Gulf States, having
been expelled from Kuwait and Iraq as a result of the
crisis following Saddam Hussein's invasion of Kuwait
(Jordan 1991). According to the official Jordan Diary
2000, “the gravest environmental challenge that faces
[the Hashemite Kingdom of] Jordan today is the scar-

2 Other sources believe the number of refugees in Lebanon
and Syria is considerably less.
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city of water.” Current use already exceeds renewable
supply, with the deficit covered by “the unsustainable
practice of overdrawing highland aquifers, resulting in
lowered water tables and declining water quality.” 

In March 2000 King Abdullah II went to Ankara
to discuss water imports from Turkey. Joint Jordanian
efforts under the 1994 Peace Treaty with Israel to de-
velop additional water resources are also continuing.
According to Jordan Diary 2000, with Jordan's popu-
lation expected to continue to rise, the gap between
water supply and demand “threatens to widen signifi-
cantly. By the year 2025, if current trends continue,
per capita supply will fall to only 91 cubic meters,
putting Jordan in the category of having an absolute
water crisis. The kingdom’s capital, Amman, where al-
most half the population lives, has had to bear a water
rationing program almost every summer since 1989”
(Jordan 2000).

If Israel does not need all the 50 MCM of water it
plans to import annually from Turkey, some of this
amount could be used to fulfill Israel’s pledge under
its Peace Treaty with Jordan to help find additional
water resources to ease Jordan’s perennial water short-
age. The additional water provided by Israel to Jordan
need not be the actual water from Manavgat, but
could be water drawn directly from the Jordan River
or from storage in the Sea of Galilee. The Turkish wa-
ter could be used to replace some of the Jordan River
flow that is now pumped into the National Water Car-
rier to meet Israel’s domestic needs.

15.5 The Shorter Pipeline to Syria and 
Jordan

Since the extensive and far-reaching original Özal
Peace Water Pipeline had failed to win Saudi or other
Gulf country support, senior Turkish officials have
suggested that in the context of facilitating Arab-Is-
raeli peace, consideration be given to a shorter pipe-
line from the Seyhan or Ceyhan, estimated a decade
ago to cost some $ 5 billion, passing through Syria.
Özden Bilen has suggested that “the terminal point
could be Jordan where the problem of water shortage
is felt most seriously and thus reduce costs by having
a shorter line. The yearly water transfer capacity of
this smaller pipeline project is 2.19 BCM, which is 1.6
times greater than the average annual water capacity
of the Jordan river.” Bilen concluded that “it is certain
that the project could play an important role in clos-
ing the water gap of Jordan and Palestine in particu-
lar” (Bilen 2000: 115–116).

Extension of the pipeline to Israel would require
the agreement of Syria, which in the past insisted on
total Israeli withdrawal from the Golan Heights and
the granting to Syria of riparian rights on the Sea of
Galilee (Yam Kinneret). American efforts, including
those of President Bill Clinton in 2000, failed to bring
about a Syrian-Israeli agreement before the death of
Syrian President Hafez al-Assad (Gruen 2000a: 11–14,
and earlier works cited in notes 40–51). Shortly before
his death, Hafez Assad selected his young son, Bashar,
to succeed him, and the Syrian parliament quickly
amended the constitution to lower the qualifying age
for president to allow Bashar to be chosen. In an in-
terview with a New York Times correspondent (Mac-
Farouhar 2003) and more recently with Al Hayat in
September 2004, Assad offered to resume peace talks
with Israel “if Israeli Prime Minister Sharon is pre-
pared to do so.”3 Most Israeli officials expressed skep-
ticism as to whether this marked a significant soften-
ing of the Syrian position, contending that Bashar’s
immediate objective was to duck U.S. sanctions over
Syria’s backing of Hezbollah and other anti-Israel mil-
itants whom the U.S. has designated as terrorists. Sha-
ron distanced himself from the positions taken by
Prime Minister Ehud Barak regarding withdrawal
from the Golan Heights. In interviews published on
the eve of the Jewish New Year, Sharon called on
Syria to withdraw all of its forces from Lebanon and
stop supporting anti-Israel groups. He also noted that
Israel and Syria had unresolved disputes over water is-
sues. 

15.6 Manavgat Water Exports to Israel

“Israeli ‘Water for Arms’ Deal with Turkey” was the
headline in The Guardian on 6 January 2004, describ-
ing the agreement in principle signed in Jerusalem on
5 January 2004 by Israeli Prime Minister Ariel Sharon
and visiting former Turkish Energy and Water Re-
sources Minister Zeki Çakan. Reporter John Vidal
termed the “water for arms” deal as “extraordinary.”
He added that the series of linked agreements were
“expected to have long-term strategic implications
throughout the Middle East.” It was the Turkish gov-
ernment that had insisted on linking the two agree-
ments. After years of negotiations, the two parties fi-
nally agreed that Israel would purchase 50 million
cubic meters (MCM) of water annually for the next

3 As reported in a JTA dispatch from Jerusalem, The Jew-
ish Week, 10 September 2004.
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20 years from the Manavgat River near Antalya on
Turkey’s Mediterranean Coast. Special tankers would
be built to transport the drinking water from Manav-
gat to Ashkelon on Israel’s coast, a distance of some
325 nautical miles. From the Ashkelon port, special
pipes would convey the water into the existing Na-
tional Water Carrier for distribution where needed
(Vidal 2004). Ankara had already invested $ 147 mil-
lion to construct the necessary storage and water
treatment facilities upstream on the Manavgat, and a
pipeline and offshore facilities in the Mediterranean
for tankers to load the water for export. 

The 50 million cubic meters Israel will initially im-
port from Turkey represent only about 3 percent of Is-
rael’s current annual consumption. However, because
of the unpredictability of rainfall each season and Is-
rael’s recent experience of periods of multi-year
drought, Israel is in dire need of additional dependa-
ble water sources, especially as it anticipates further
increases in the country’s population through native
births and immigration. Even though Israel was
blessed with above normal rainfall during the past
two years and the Sea of Galilee (Kinneret), Israel’s
primary storage reservoir, was overflowing in the
Spring of 2004, this should not give Israelis a false
sense of optimism. Israelis consume some two billion
cubic meters (2,000 MCM) of water each year, while
the country’s water supplies are replenished at an av-
erage rate of only some 1.8 billion. This produces a
yearly deficit of 200 MCM or four times the antici-
pated imports from Turkey.

A further step toward implementation of the Turk-
ish-Israeli water agreement took place on 4 March
2004 at the Israel Foreign Ministry in Jerusalem with
the signing of a detailed agreement by Turkish For-
eign Ministry Undersecretary Uur Ziyal, and Yoav Bi-
ran, Director-General of Israel’s Foreign Ministry.
Turkish Foreign Ministry Spokesman Namik Tan told
reporters in Ankara that this agreement “would bring
a new dimension to the cooperation between the two
countries,” adding that “it would contribute to bring-
ing stability and peace in the Middle East.” He
pointed out that the agreement “would be a good ex-
ample for providing water to other regional countries
which had a shortage of water,” such as Cyprus,
Malta, and the Greek islands. (Anadalu Ajans 2004).
Tan said that details such as the cost of the water,
transportation and the date for the initial shipments
would be set out in a management contract that had
yet to be concluded. This contract will also include
provisions for monitoring the quality of the water in
the export facilities in Turkey, in the transportation

network, and in the unloading facilities in Israel (Co-
hen 2004). 

According to Ömer Önhon, Turkey’s Consul-Gen-
eral in New York, as of mid-September 2004 the two
countries were still “more than a few cents apart” on
the price per cubic meter, and no contract had yet
been awarded to a commercial firm to implement the
government-to-government agreement. Ambassador
Önhon was familiar with regional water issues since
he had served in Damascus (1998–2000), and headed
Ankara’s Middle East Department (2000–2002), be-
fore assuming his current post. He dismissed the argu-
ments of proponents of desalination, such as Profes-
sor Dan Zaslavksy, who had been Israel’s Water
Commissioner and the Energy Ministry’s chief scientist
in previous right-wing Likud governments. Zaslavksy
warned that inadequate management in Syria would re-
sult in environmental damage to vital water resources
flowing down to Israel from the Golan Heights (Siegel/
Rudge 2000). More recently Zaslavksy has argued that
“I don’t think it’s in the state’s interest to be in any
way dependent on Turkey for a resource as sensitive
as water.” Even now, despite the growing number of
major economic deals between Turkey and Israel in
recent years, he contended, Turkey remained an unre-
liable source for such a vital commodity as water. He
cited press reports that Ankara threatened to cancel
some deals unless Israel bought the Manavgat water
(Zaslavksy 2004). Moreover, relations have been
strained because of the conservative Islamic back-
ground of the leadership of the ruling Justice and De-
velopment Party (AKP) and criticisms by Prime Minis-
ter Recep Tayyip Erdo an of Israeli military actions in
the Gaza Strip, and allegations – denied by Jerusalem
– that Israel was aiding Kurdish nationalists in north-
ern Iraq. 

Ambassador Önhon (2004) insisted to me that
Turkey’s relations with Israel were fundamentally
sound and that the occasional disagreements on spe-
cific issues were no different than those between Is-
rael and the United States or the U.S. and its Euro-
pean allies. He emphasized that Turkey believes it can
play an important and constructive role in the Middle
East. “We have very good relations with Israel and
also with the Palestinian side,” he told me. Moreover,
Turkey was in the unique position of serving as a
bridge between Europe and the Middle East. Amiram
Cohen, in his article on the agreement for the Israeli
daily Haaretz, pointed out that it was categorized not
as a commercial agreement but as a “political agree-
ment” [medini in Hebrew can be translated either as
‘political’ or ‘state to state’]. The agreement obligates
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Turkey to sell Israel 50 MCM of drinking quality wa-
ter annually for 20 years, with an option to extend the
contract for an additional five years. Implementation
of the agreement was assigned to the national water
authorities of the two countries. The agreement stip-
ulates that a Turkish-Israeli binational commission
will select the method of shipping and award the ship-
ping contract. 

Cohen reported that officials in the Israeli Minis-
try of Finance estimate the cost of the water at the
loading point in Turkey at between 13 and 18 cents per
cubic meter, to which needs to be added the transpor-
tation costs, which they estimate at between 70 and
80 cents, meaning that the total cost of the water at
the unloading facility in Ashkelon would be around
$ 1.00 per cubic meter. Israel’s nationalist Arutz Sheva
News Service reported on 4 March 2004 that the cost
would be “at a minimum price of 70 cents per cubic
meter. This is cheaper than desalinated water, but
much more expensive than local water.” But the true
economic cost of water in Israel has been distorted by
the subsidies provided to farmers and consumers. Fi-
nance Minister Binyamin Netanyahu had opposed the
Turkish water deal, saying “it was too expensive.
Prime Minister Sharon, however, said the importance
of the deal surpasses merely the water issue, and af-
fects the strategic relationship with Turkey” (Arutz
Sheva 2004). 

Some argue that the best long-term solution is to
build a network of large-scale desalination plants. The
first of four projected plants was opened in October
2005 in the coastal city of Ashkelon. It employs re-
verse osmosis to produce 100 million cubic meters of
drinking quality water annually. However, even if ad-
ditional desalination plants were approved quickly,
these would take several years to be constructed.
Commenting on the deal with Turkey, Raanan Gis-
sen, a spokesman for Prime Minister Sharon, stressed:
“Water, additional water, will never hurt Israel be-
cause we are at a very grave shortage.” He pointed
out that even if the Turkish water were not needed
immediately, “Water is like money in the bank. You
can use it in the future” (JINSA 2004). Joseph Parit-
sky, then Israel’s National Infrastructure Minister, ex-
plained: “We are buying water from Turkey for two
reasons: one, we need water, and two, to strengthen
our ties with one of the most important countries in
the world for us” (JINSA 2004). The idea of import-
ing Turkish water was revived and expanded in April
2006 as part of a multi-million-dollar energy and wa-
ter project that will utilize four underwater pipelines
to transport water, electricity and high–speed data,

natural gas and oil to Israel. Some of the water would
be earmarked for Palestinian and Jordanian use. Ac-
cording to a joint announcement by Israeli and Turk-
ish officials, the oil from Baku would be shipped by
the new Baku-Tblisi-Ceyhan pipeline – which was in-
augurated on July 13, 2006 -- to the Turkish Mediterra-
nean port of Ceyhan. From there it would be sent to
Ashkelon, which is only 400 kilometers away, via the
proposed new underwater pipeline or by tankers. The
strategic advantage of this approach is that unlike a
land-based pipeline that would require the approval of
Syria and Lebanon, the sea route would be in interna-
tional waters. From Ashkelon the oil could be
pumped through an existing pipeline to the port of Ei-
lat on the Red Sea; and from there it would be
shipped by tankers to India and the Far East. The Lux-
embourg-based European Investment Bank is under-
taking a $ 50 million feasibility study of this imposing
project (Bushinsky 2006; Chossudovsky 2006; Lefko-
vits 2006). Ankara has also placed great value on wa-
ter agreements with Israel, seeing it as the first tangi-
ble result of Turkey’s regional ‘peace water’ policy. 
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Abstract

The world as a whole has witnessed a substantial increase in water consumption during
the last century stemming from rising affluence, rapid urbanization and population
growth. This trend will continue in the decades to come as water resources are getting
scarcer and more polluted in many parts of the world. It has been reported that some of
the countries of the Middle East will suffer most and face serious water crisis during the
next 25 years. In no other region is water considered as politically sensitive and strategic a
resource as in the Middle East. Given the gradual worsening of hydrological and climatic
conditions and the transboundary nature of the rivers of the region, water issues might
lead to tensions and worsening of relations between States. 

In this context, what role governments, international organizations and NGOs could play
to properly address the anticipated water crisis? Turkey has made great strides in water
resources development and management during the last three decades. It has the potential
to play an important, constructive and beneficial role to this end. Turkey seems to be the
only country where fresh water is available and it can be transported either by pipelines or
tankers to the region. To this end we have introduced the concept of transfer of fresh
water by sea and are planning to supply water by utilizing the unpolluted and unused
waters of the rivers originating in the Taurus Mountains in the southern coast and feeding
into the Mediterranean Sea. 

An intergovernmental agreement between Turkey and Israel was signed concerning the
purchase by Israel of treated water for a period of 20 years. The water will be shipped to
Israel by purpose-built tankers. The provision of 50 million cubic meters per annum of
water to Israel and the potential to transfer additional quantities might ease the pressure
on the limited water resources in the Jordan River Basin. This agreement is currently ‘on
hold’ but should it be implemented Israel might consider sharing more water with its
neighbors. 

Turkey has planned and realized various multi-purpose water infrastructures including the
32 billion US$ GAP project that is one of the world’s largest and most comprehensive sus-
tainable development projects in the basin of the Tigris and Euphrates rivers. It has been
internationally recognized as an example of a successful passage form simple water devel-
opment to efficient water management. 

Another regional project which Turkey has developed is the ‘Peace Pipeline Project’ which
seeks to provide freshwater to Syria, Jordan, Palestine, Saudi Arabia and other Gulf States
from its rivers, namely the Seyhan and the Ceyhan. According to the project, an annual
amount of 2.2 billion cubic meters of fresh water will be transferred by two large diameter
pipelines. The pre-feasibility has shown that the project is feasible and applicable. In the
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view of this author that Turkey has the will and the capacity to contribute to the establish-
ment of an enabling environment for socio-economic development of the people of the
region which in turn could enhance peace and security in the Middle East. 

Keywords: Turkey, water transfer, Manavgat River water project, Peace Pipeline Project

16.1 Introduction

Of all the planet’s renewable resources, water may be
the most unforgiving. Difficult to purify, arduous to
store and impossible to substitute, water is essential to
food, to socio-economic development and to life it-
self. Access to water is critical to all aspects of life
whereas hundreds of millions of people do not have
access to safe drinking water and sanitation. Through-
out most of human history, the world’s fresh water re-
serves were more than adequate to serve human
needs while maintaining the integrity and biological
diversity of the earth’s ecosystems. But as populations
have grown, water has become increasingly less avail-
able where and when it is needed.

The world population more than doubled, from
2.3 billion to 5.3 billion between 1940 and 1990. It has
grown to 6.3 billion today and is increasing by almost
10,000 an hour. It is expected to reach 7.2 billion by
2015 according to UN reports. The same reports sug-
gest that two-thirds of the world population shall ex-
perience lack of safe drinking water by 2030. Per cap-
ita use of water consumption doubled from about
400 to 800 cubic meters per person per annum be-
tween 1940 and 1990 due to increased affluence,
rapid urbanization and industrialization.

Understanding the limits of renewable water re-
sources requires an analysis of how little of the
planet’s 1.4 billion cubic kilometers of water fits into
that category. Only 2.5 per cent of this 1.4 billion is
fresh meaning suitable for drinking, growing crops
and most industrial uses. Besides, 69 per cent of this
2.5 per cent is locked in polar ice caps and mountain
glaciers or stored in aquifers too deep to tap under
current and foreseeable technology.

Fresh water availability is dictated, to a large ex-
tent, by climate, and particularly by the timing and lo-
cation of precipitation as well as by evaporative de-
mand which is included in calculations in terms of
hydrology. The amount of moisture that the atmos-
phere can absorb is chiefly determined by average
temperature. Some arid countries in the Middle East
and North Africa have such low precipitation and
high evaporation that only a small amount of water
can be captured for human use. By contrast, countries
such as Sweden, Norway, Denmark, Great Britain,

Iceland, Canada as well as the Benelux countries,
where precipitation high and evaporative demand
low, enjoy abundant water resources year long. 

Water availability can vary tremendously from sea-
son to season, causing wet and dry seasons even in
well-watered regions. For example, Bangladesh is in-
undated with rainfall during its two-to-three month
monsoon season, but lacks rainfall for much of the
rest of the year. Water availability also varies from year
to year, making even semi arid-regions vulnerable to a
succession of dry years, as was the case with 20 sub-
Saharan countries from 1981 to 1984 as well as Califor-
nia and more recently east and southeast Turkey from
2000 to 2002. 

To serve the purpose, water resources must be in
close proximity to the populations that need them.
Three quarters of Mexico’s population lives in its dry
central highlands, while four-fifths of the surface wa-
ter lies in the wetter coastal regions. In calculating
how much fresh water is available for human use on
average terms, what counts is not the sum total of glo-
bal fresh water supplies, but the rate at which fresh
water resources are renewed or replenished by the
global hydrologic cycle. Powered by the sun, this cycle
each year deposits about 113,000 cubic kilometers of
water on the world’s continents and islands as rain
and snow. Of that, 72,000 cubic kilometers evapo-
rates back into the atmosphere. That leaves 41,000 cu-
bic kilometers a year to replenish aquifers or to return
by river or other run-off to the oceans. 

Moreover, not all of these 41,000 cubic kilometers
of water can be captured for human use. More than
half flows unused to the sea in floodwaters and as
much as one-eighth falls in areas too far for human
habitation to be used. It is suggested that the upper
limit of the world’s available renewable fresh water re-
sources lies between 9,000 and 14,000 cubic meters
per year. An uncertain yet significant proportion of
this amount is needed to sustain ecosystems in and
around rivers, wetlands and coastal waters and the
millions of living species they contain. 

The critical fresh water availability limits, as a mat-
ter of fact, are not at the global level but at local, na-
tional and regional levels. In measuring a country’s
water resources, hydrologists refer to the term endog-
enous precipitation, or internal, and exogenous, or
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external, resources. Internal supply refers to the pre-
cipitation that falls on national territory, minus that
portion lost to evaporation. Endogenous water supply
is that which flows into a country from rivers or aqui-
fers originating in neighbor countries. While most of
both kinds of renewable fresh water would be availa-
ble for a country’s use under ideal conditions, many
countries can only mobilize a part of their water re-
source potential, depending on the suitability of their
land for water storage in reservoirs and the extent and
the condition of their water infrastructure. Some de-
veloping countries can currently mobilize only 20 to
30 per cent of their potential water resources. 

16.2 Turkey’s Water Potential

A common misconception that needs to be dispelled
at the outset is the idea that Turkey has abundant wa-
ter and Iraq suffers from water scarcity. In fact, con-
trary to the general perception, Turkey is neither a wa-
ter rich country nor the richest country in terms of
water resources in the region. 

The annual average precipitation in Turkey is esti-
mated at 643 mm, corresponding to a volume of 500
cubic kilometers or 500 billion cubic meters. The an-
nual run-off in the aftermath of natural events is cal-
culated as 186 billion cubic meters. Subtracting from
this figure the minimum flow requirements for pollu-
tion control, aquatic life as well as the amounts hap-
pen to be constrained as useless within topographic
and geologic conditions, the annual available water
potential emerges as 98 billion cubic meters. If the ex-
tractable groundwater potential of 12 billion cubic me-
ters is added to the above mentioned figure, the total
annual water resource potential in Turkey is com-
puted as 110 billion cubic meters. The amount of avai-
lable water per capita per year is then 1,486 cubic me-
ters based on the population of Turkey, which is 72
million as of mid-2004. 

Precipitation differs considerably both from year
to year and among the river basins. The annual depth
of precipitation is as high as 250 cm in the Eastern
Black Sea region and as low as 30 cm in some parts of
Central Anatolia. Most of the country’s water poten-
tial lies in the south-east. The contribution of this re-
gion to the country’s total water potential is 28 per
cent. On the other hand, Turkey has also considerable
hydropower potential, among the highest in Europe.
The feasible hydropower energy potential is estimated
at 125,000 GWh/year (Giga Watt hour/year). The in-

stalled capacity potential for hydropower is 35,000
MW (Mega Watt). 

16.3 Water and Sustainable 
Development

Turkey attaches importance to the elimination of re-
gional disparities in the socio-economic development
of the country. This concern originates from the
sound diagnosis that mobilizetion of the development
potential of the least developed regions would con-
tribute greatly to the realization of such national goals
as economic growth, social stability and a rise in ex-
port capacity. In this context, Turkey has developed
one of the world’s largest sustainable development
projects in the Tigris-Euphrates River basin. 

The region is also named as the ‘Fertile Crescent’
or ‘Upper Mesopotamia’, and known to be the cradle
of civilization in human history. Throughout history,
the region has served as a bridge ensuring passage
from Anatolia to Mesopotamia. The Tigris and the
Euphrates, two important transboundary rivers, flow
trough the region. Both originate from Eastern Anato-
lia and reach the sea in the Persian/Arabian Gulf.
Southeastern Anatolia receives less precipitation com-
pared to the other regions of the country. Hence the
utilization of the rich water potential of the two rivers
for the realization of GAP. This project has started an
economic revolution in southeast Turkey. The high
potential generated in both agriculture and industry
by the GAP has already tripled the average income in
some areas and will increase the income level of the
other areas in the region fivefold when the remaining
components of the GAP project are put in operation
and will generate employment opportunities for 3.8
million people living in a region whose total popula-
tion is projected to be over 9 million in 2005.

16.3.1 Turkey’s Water Resources Policy

Turkey has developed its water resources policies over
the years taking into consideration recent develop-
ments at global and regional levels, its contractual ob-
ligations, the on-going EU accession process, as well
as Turkey’s present and future water needs for its fast-
growing population. Priority has been given to fully
utilize Turkey’s water potential in an efficient manner
through necessary measures and projects. To this end,
the focus has been on protection of quantity and the
quality of the available resources but more impor-
tantly on building new water storage capacities in the
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deep canyons of Anatolia where water can easily be
utilized not only for irrigation but also for hydro-
power generation.

16.3.2 Turkey’s Accession to the European 
Union

Turkey is a candidate for admission to the European
Union (EU). In this context, a National Environmen-
tal Strategy and Action Plan sponsored by the World
Bank has been adopted. The Plan was identified as a
comprehensive one by the OECD’s Environmental
Performance Review. Turkey has also started harmo-
nizing its domestic legislation with that of the EU in
the field of environment and water resources.

As regards the harmonization in the field of water
resources the Ministry of Foreign Affairs has estab-
lished two working groups with the participation of
representatives of relevant institutions, legal experts,
experts and representatives of the private sector. One
of the working groups will prepare the new water leg-
islation taking into consideration Turkey’s basic
needs, the EU Water Framework Directive, other rele-
vant EU legislation and regional conventions.

The second working group will carry out the work
necessary for the restructuring of the Turkish water
institutions. The working group may propose a reas-
signment of responsibilities among relevant ministries
and institutions and the establishment of new bodies
to meet EU standards. The harmonization of the
Turkish legislation and the restructuring of the institu-
tions will be accelerated with the accession talks. The
EU Commission is expected to do its part to reach
the set objectives in due course.

16.3.3 Transboundary Waters

In the view of this author water is not necessarily a
source of conflict. On the contrary, it could be used
as a catalyst and bridge-builder. History suggests that
there are more tendencies to cooperate for water
rather than to fight for it. However, the use of water
as a bridge-builder and a source of cooperation re-
quire visionary thinking. It entails enhancing aware-
ness. It should be kept in mind that water is a social
problem therefore public awareness of its value and
its limited availability needs to be stimulated. 

As regards transboundary water, Turkey is an up-
stream as well as a downstream country. Given the
high altitude of Turkey which is 1100 meters on aver-
age (world’s average altitude is 900 meters) it has fast
running rivers with irregular natural flows. They

should be regulated for their efficient use and flood
control. The Tigris and the Euphrates are a case in
point. 

Turkey’s transboundary water policy has always
been consistent and transparent. This is acknowl-
edged by international experts. Turkey’s policy is
aimed to efficiently utilize and share the benefits of
water resources through cooperation among riparian
states. Contrary to certain allegations, Turkey has
never overlooked the needs of the downstream ripar-
ian states even during drought periods. For example,
1988 and 1989 were the driest years of the last half
century. At the height of the summer, the flow of the
Euphrates was around 100 cubic meters per second.
In spite of the unexpected low natural flow Turkey
was able to go on releasing water to downstream
neighbors at a rate of more than 500 cubic meters per
second. It follows that Syria and Iraq benefit from the
water infrastructures that Turkey has built on the
Euphrates. 

In view of the economic crisis faced in the after-
math of the Gulf War and the ensuing budget meas-
ures recommended by the IMF, Turkey has unfortu-
nately not been able either to build the Ilsu Dam on
the Tigris river, which is essential to regulate the flow,
or to complete the planned irrigation systems. Turkey
is for the utilization of the water of the Euphrates and
the Tigris rivers in an equitable, reasonable and opti-
mal manner. The combined water potential of the Ti-
gris and Euphrates rivers is sufficient to meet the
needs of the three riparian States to achieve sustaina-
ble development, provided that water is used in an ef-
ficient way and the benefits are maximized through
new irrigation systems and technologies throughout
the basin, Syria and Iraq included. 

By the same token, the riparian States should
adopt a comprehensive approach to the matter. Such
an approach calls for determination to discuss all wa-
ter-related issues in a transboundary context. It entails
sharing of responsibility as well as the benefits. Coop-
eration between riparian States should take into con-
sideration the existence of ‘ two rivers and a single ba-
sin’ as well as the variations in the natural hydrologic
conditions of the basin. 

Moreover, efficient use of water in a transbound-
ary context requires proper and detailed information
exchange between the riparian States. Such an ex-
change is also essential for a sound integrated basin
management. In the case of the Tigris-Euphrates Ba-
sin, the three riparian States should, as a starting
point, express their political will at the highest level to
engage in a meaningful cooperation. 
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16.3.4 Confidence Building Measures (CBMs) 
in the Context of Transboundary River 
Basins

Water issues are not only of a technical nature but also
have certain political and social aspects. It follows
that among riparian states and their people water
problems can not be resolved without building mutual
trust and confidence among all concerned riparian
states. Parties concerned need first and foremost free
themselves from nationalist rhetoric, clichés, emo-
tions and prejudices. 

Confidence building measures needs to be taken
in order to dispel mistrust and create the appropriate
environment for meaningful cooperation. Informa-
tion and data should be shared at basin level. Riparian
states should have the political will to engage in genu-
ine cooperation. Such cooperation could lead to
reaching a common understanding on the utilization
of the water of transboundary basins in the interest of
all. Confidence building efforts could be initiated
through informal exchange of information and data at
the expert level. Such a dialogue can be further devel-
oped by discussions on general principles to be ap-
plied in the utilization of the water resources of the
basin. Another form of confidence building can be
developed through sharing the benefits of water
among riparian states by means of cross-border
projects having to do with agriculture, irrigation, hy-
dropower generation, provision of safe drinking water
and water for sanitation, last but not least, projects de-
signed to protect the environment. 

In short, the issue of water in the Middle East re-
gion is complex, emotional and political. It should be
the will of all riparian states to try to resolve the exist-
ing problems. If we cannot solve them, we should at
least continue to talk and exchange information so
that we could manage them by peaceful means.

16.4 Water Transfer in and to the 
Middle East

The Middle East is historically a water-stressed region.
It becomes clear that sustainable supplies of clean
water is a major issue of social, economic and even
political dimension in the Middle East. The Jordan
River basin in particular suffers serious water shortage
and the situation is expected to worsen in the near
future. 

According to Abdel Rahman Sultan, a representa-
tive of Friends of the Earth Middle East (FOEME),

Jordan has water service for only 12 hours each day
and most Palestinian villages do not have access to un-
interrupted water supply. He adds that the growth
rates of Palestinian annual population run at the level
of 4 per cent on average and the corresponding figure
for Israel is not less than 3.5 per cent. Therefore, the
water demand of this ever-growing population in the
region surpass a water supply that will grow only
slightly in spite of a main thrust of building desalina-
tion plants. Furthermore, the level of the Dead Sea is
falling by a meter each year. 

Given its economic and industrial potential and
the regional economic cooperation projects it has so
far developed, Turkey has the potential to play an im-
portant, constructive and beneficial role in the region.

16.4.1 The Manavgat River Water Supply 
Project  

Given the anticipated water shortage in the Middle
East in the near future, Turkey introduced the con-
cept of water transfer by sea to water stressed coun-
tries from its national rivers flowing to the Mediterra-
nean where there is for the time being a surplus of
fresh water. 

The Manavgat Water Supply Project on the Man-
avgat river has been developed with a view to provid-
ing fresh water to Mediterranean countries. The water
treatment capacity of the Manavgat Water Supply
Project was designed to supply high quality bulk wa-
ter. The capacity of the facility is 180 million cubic me-
ters per annum (500.000 cubic meters daily), 90 mil-
lion cubic meters of which is treated water. 

The Manavgat Water Supply Facilities are at the es-
tuary of the Manavgat River, 80 km east of Antalya on
the Mediterranean coast, is 600 km (324 sea miles)
from Israel’s Ashkelon port, where the water is to be
shipped. Water will be shipped to Israel by purpose-
built tankers, although a shipping company has yet to
be chosen. Israel plans to equip its ports with a suita-
ble water storage facility. A trilateral agreement be-
tween the two governments and the eventual shipping
company will be negotiated at a later stage. 

The water extracted from this river is carried by
steel pipelines all the way to the treatment plant. Half
of the water extracted from the river, or 250.000 cu-
bic meters daily, is treated in the facilities, which are
fully equipped with aeration, coagulation, filtration
and disinfection units to internationally accepted
standards. The Manavgat River has an annual water
potential of 3.6 billion cubic meters. It follows that
more water could be drawn from the river by increas-
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ing the capacity of the installations, when necessary.
Following treatment, the water will be carried to the
two Single-Point Mooring (SPM) loading terminals sit-
uated three kilometers off-shore by the pipes laid on
the sea bottom. Each terminal is able to load two
tankers with capacities of up to 250.000 tons simulta-
neously.

16.4.2 Water Sale To Israel from the Manavgat 
River

Israel has been the only country to date which ex-
pressed desire to purchase treated water from the
Manavgat River. Water shortage in Israel was more
visible in 2002. The drought experienced in the Jor-
dan River Basin as well as other considerations led to
the expression of the political will by the Prime Min-
ister of Israel to purchase water from Turkey despite
opposition from the Ministry of Finance and the de-
salination lobby. Accordingly, the then Prime Minister
of Israel, Ariel Sharon and the Former Minister of En-
ergy and National Resources of Turkey, Zeki Çakan
held a meeting on 6 August 2002 in Jerusalem to dis-
cuss the Manavgat Water Supply Project to Israel.
During the meeting, the Israeli side expressed its in-
terest in purchasing 50 million cubic meters of treated
water per year from Turkey for a period of 20 years.
Following that a “Joint Committee for the Manavgat
Water Supply Project to Israel” was established.

The First Joint Committee Meeting was held in
Ankara on 14 October 2002. During the Joint Com-
mittee Meeting, various shipping companies from
Turkey, Israel and third countries presented their
projects on the transportation of water from Manav-
gat to Israel by tankers. It became clear during the
meeting that treated water cannot be transported by
converted oil tankers and that purpose-built tankers
have to be used to maintain the quality of the water.
The Israeli experts have also included the amount to
be imported from Turkey in their water budget. It was
made public during the Stockholm Water Week in Au-
gust 2003. 

Finally, an intergovernmental agreement (IGA) be-
tween Turkey and Israel was signed. Under this agree-
ment, Israel will buy 50 million cubic meters of
treated-water a year from Turkey for a period of 20
years. This would account for about three percent of
Israel’s present annual freshwater consumption of 1.5
billion cubic meters. The most important aspect of
the agreement will be the recognition by the two
States of water as an internationally traded commer-
cial commodity. Though the implantation of this

agreement is now ‘on hold’ it provides a possible
model for other such agreements with Mediterranean
countries in the future.

However, given the very good precipitation of the
winter and spring of 2004 and the rising water level of
the Dead Sea which usually dictates the behavior of Is-
raeli water authorities. The Israelis have been reluc-
tant to speed up the process regarding water imports
from Turkey. It seems that there is no sense of ur-
gency on the part of Israel to conclude the necessary
trilateral agreement without which the signed frame-
work agreement shall not enter into force. The Israeli
authorities should in the author’s view engage in long-
term planning and open an international tender with-
out further delay in consultation with Turkey in order
to nominate the company or group of companies
which will undertake the transport of the water. 

This project, if executed, will contribute to efforts
toward enhancing peace and stability in the Middle
East as well as to the socio-economic development of
the region. Turkey’s unused waters flowing into the
Mediterranean could contribute to reducing the ten-
sions on this politically sensitive resource by way of
making it possible for Israel to share more water with
the Palestinians and possibly Jordan, especially in the
context of a comprehensive and durable settlement in
the region. Water sale from Turkey to Israel could
help the efforts that are deployed towards iro-ning out
the water problems experienced by Israel, Jordan,
Syria and the Palestinians in the Jordan River basin. 

It could be argued that desalination may be an al-
ternative for supplying additional fresh water to the
region. However, the quality of water of Manavgat
River is far superior to desalinated water in terms of
mineral content and other qualities. In addition, it is
environment friendly, contrary to desalination plants,
which use various chemicals and release mountains of
salt.

It has been decided that Manavgat Water Treat-
ment and Loading Facilities will be privatized. The
Manavgat Water Supply Project has the capacity to
supply water to other needy countries and it is Tur-
key’s hope that it will eventually be possible to supply
water to other Mediterranean countries suffering
from water shortage, including Syria, Jordan and
Greece.
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16.4.3 Water Transfer to the Republic of 
Northern Cyprus

16.4.3.1 Water transfer by plastic bags to TRNC 

In view of the water shortage, a protocol was signed
between the Ministry of State responsible for Cyprus
Affairs, Ministry of Energy and Natural Resources of
Turkey and the Ministry of Interior and Rural Affairs
of the TRNC with a view to supplying water to the
northern part of the island from Turkey in 1997. 

A project was developed to feed the water net-
work grid established among Güzelyurt-Lefkoa-Gazim-
agosa from an outside source and to meet the drink-
ing water requirements of Lefkoa and Gazimagosa in
the total amount of 7 million cubic meters per year by
way of transportation of water from Turkey. 

In the framework of this protocol, the Ministry of
Interior and Rural Affairs signed an agreement and
made a contract for a period of 10 years with a com-
pany established and titled Mediterranean Water Dis-
tributor by the Nordic Water Supply, the Norwegian
producer of navigable plastic bags, in Turkey in 1997.
The price of water was determined as 55 cents per cu-
bic meter in accordance with the provisions of the
said agreement. However, the operation started by
Nordic Water Supply in 1998 lasted only 4 years. They
managed to transport a total of only 4 million cubic
meters due to technical deficiencies experienced un-
der rough sea conditions in that duration. The con-
tract of the Nordic Water Supply has been cancelled
because of the failure to fulfill the commitment. 

Consequently, it has been announced that the
Ministry of Interior and Rural Affairs of the TRNC
signed the “Agreement of Water Transportation to
the Turkish Republic of Northern Cyprus from Tur-
key” with Inbar Water Distribution Company, an Is-
raeli company on 24 October 2003. The agreement
sets the price to be paid to the Israeli company as 60
cents per cubic meter according to the agreement.
DSI officials have declared that the agreement has
been concluded under their domain of knowledge
and they have been informed that the Israeli company
would utilize a new technology to transport the water.

16.4.3.2 Water Transfer by Pipeline from Turkey 
to the TRNC 

The project of water transfer by pipeline from Turkey
to North Cyprus was approved by Government de-
cree No. 98/11202, dated 27 May 1998. It has three
conditions: first of which foresees the realization of
the said project covering facilities for the extraction,

transportation and the storage of water, it is to be im-
plemented as a turn-key project, it must be by a con-
sortium comprised of domestic and foreign compa-
nies under the leadership of Alsim-Alarko A.

Alsim-Alarko prepared the feasibility report which
was approved by the DS on 1999. According to the
feasibility report, 75 million cubic meters of water per
year could be drawn from the lake of Alaköprü Dam.
The extraction is to be done on the Souksu (Coldwa-
ter) Creek in close proximity of the Anamur district.
The water is to be transferred by a high density poly-
ethylene (HDPE) pipe having a diameter of 1,600 mm
(1,6 meter) to be laid down in natural-flow undersea
conduit, up to a special existing storage facility. After
this facility is rehabilitated it will impound the water
in Geçitköy near Girne. 

Almost 21 per cent or 15 million cubic meters out
of 75 million is planned to be earmarked for treatment
at a facility to be built near Lefkosa. This will be used
as drinking water. The rest of the 60 million cubic me-
ters are to be directed to the irrigation systems of the
Mesarya Plain which covers an area of 7,650 hectares
that would provide the Turkish Cypriot islanders with
the fruitful opportunities of irrigated agriculture. Irri-
gation will end the burden of dry farming which they
have endured for decades.

In spite of its dryness, the Mesarya Plain is the
largest and the most valuable agricultural land of the
Turkish Republic of Northern Cyprus (TRNC). Even
with the current processes of dry farming, the agricul-
tural output amounts to 2.3 million US $ per year. 

The total cost of the project, including the con-
struction of the Alaköprü Dam in Turkey, the
Geçitköprü storage facility in TRNC, the natural-flow
conduit undersea pipeline, other storage facilities, the
necessary nationalization and the total interest to be
charged within the duration of the works, is 340 mil-
lion US $. 

The text of the agreement regarding the engineer-
ing services of the project as well as the proposal of
the financial package were concluded by DS and ap-
proved by the Ministry of Energy and Natural Re-
sources in May 2002. The foreign-based credit of the
engineering services has received the approval of the
Under Secretariat of Treasury. The cost of the engi-
neering services which is foreseen to be provided for
a period of 18 months is estimated at 9.5 million US $.

DS officials have made it clear that they would
open an international tender to select a consulting
company to survey and control the underwater con-
duit pipeline construction. They added that the total
cost of the project could amount to 500 million US $
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covering the construction of the loading facilities on
the Souksu Creek, the underwater conduit pipeline,
the habilitation of the storage structure and water
treatment plant in Geçitkale, the construction of the
irrigation systems in Mesarya Plain and the necessary
drinking water network. 

16.5 Peace Pipeline Project

16.5.1 Introduction

The Middle East and the Gulf countries in particular
are likely to suffer most from the anticipated water
crisis. According to a recently completed study, the
Gulf countries would have to spend a total of 35 bil-
lion US $ during the next 10 years to meet their in-
creasing water demands and related infrastructure.
The situation in the Jordan River Basin may continue
to worsen during the same period.

The Peace-Pipeline Project seeks to supply water
from Turkey’s excess and deliver it to regions of need
in Syria, Jordan, Saudi Arabia, and other Arabian Gulf
States. A feasibility study is proposed to enable a thor-
ough technical and economic analysis to ensure that
such a project can be fully realized. The water deliv-
ered through the Peace Pipeline is not intended to re-
place, but rather supplement, existing water supplies
in the countries served. 

16.5.2 Water Supply

Water for the project will be obtained from excess wa-
ter in the Seyhan and Ceyhan rivers. DSI have devel-
oped master plans for the ultimate use of the water of
both rivers and have made calculations on the quan-
tity of the surplus water that will flow into the Medi-
terranean after all projected agricultural, industrial
and domestic utilization has been satisfied. Major irri-
gation projects exist and are planned in the Adana
area with inter-basin transfers of water from the Sey-
han River to the Ceyhan River via a tunnel from the
Asagi Catalan dam. Inter-basin transfer of the Ceyhan
River is also planned for the Menzelet Irrigation
Project.

DSI have calculated that the average flow in the
Seyhan and Ceyhan rivers is 39,17 million cubic meters
per day. The planned use of this water in Turkey is ap-
proximately 23,04 million cubic meters per day. Thus,
an average of 16,1 million cubic meters of water per
day remains available for other human uses. Extensive
development in the watersheds of the two rivers has

already occurred and many dams have been con-
structed. Dam construction is ongoing and will con-
tinue into the future.

16.5.3 Water Quality

DSI has recorded the water quality in the Seyhan and
Ceyhan Rivers since 1978. These records show the
availability of good quality water. At present the ex-
tent of water treatment (if any) has not been deter-
mined, but this question will be investigated in the
feasibility study.

16.6 Pipeline Routes

16.6.1 Western Pipeline

The ‘Western Pipeline’ involves the diversion of water
from the Seyhan River downstream of the existing
Seyhan Dam near Adana and the diversion of water
from the Ceyhan River downstream of the existing
Aslantas Dam near Ceyhan. The water will be
pumped via pipeline following the existing railroad
route from Ceyhan to the Osmoniye, crossing over
the Nur Mountains via a tunnel, at an elevation of 700
metres, through a mountain pass near the town of
Bahce. The route continues south passing near the
towns of Aleppo, Hama, and Hams. Water flows by
gravity from the Bahce Pass to Homs. From Homs
the topography gradually rises from an elevation of
300 meters to 900 meters above sea level on the pla-
teau between Damascus, and Amman. Beyond Am-
man, the route continues via Tabuk to Medina, Saudi
Arabia. A major mountain range separates Medina
from the coastal centers of Yanbu and Jeddah and
pump stations will lift the water via a pipeline and tun-
nel through these mountains. Water would then flow
by gravity to Mecca, Jeddah and Yanbu. There is a po-
tential for recovery of some of the pump station en-
ergy by the installation of a hydroelectric facility on
the Red Sea side of the mountain range to utilize ex-
cess head. The total route length of the Western Pipe-
line is approximately 2,650 kilometers.

16.6.2 Gulf Pipeline

The ‘Gulf Pipeline’ follows the same route as the
Western Pipeline to Hama where it diverges from the
Western Pipeline. Water is pumped from Hama to an
elevation of 900 meters, crossing the high plateau of
Eastern Jordan parallel to the lraq-Jordan border until
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it intersects the route of the existing Trans-Arabian
Oil Pipeline (TAPLINE).The water then flows by grav-
ity along a route that continues along the TAPLINE
alignment to the Arabian Gulf coast and then along
the coastline of the Arabian Gulf to Ras Al Khaimah.
Should water be required in Muscat in Oman, a small
pumping station would be added to cross the moun-
tains separating the Gulf of Oman from the Arabian
Gulf. The total route length of the Gulf Pipeline is ap-
proximately 3,900 kilometers.

16.6.3 Water Quantity

The technical feasibility study was based on a flow of
3,500,000 cubic meters per day for the Western Pipe-
line and a flow of 2,500,000 cubic meters per day for
the Gulf Pipeline. This water was distributed to the
main population centers along each route by assigning
flows in approximate proportion to their respective
populations. After discussions with each country,
these water delivery quantities will be revised to suit
their requirements and hydraulic design varied accord-
ingly.

16.6.4 Pipe Size and Type

The main pipeline routes will require pipe that varies
in size from 3 to 4 meters. Branches into the various
points of delivery will vary from 1 meter to 2 meters
in diameter. A more detailed evaluation of the pipe
diameter, length, and pipe material will be made in
the feasibility study when more information has been
developed on the topography, pumping station loca-
tions, water storage locations, geology and other
route constraints.

The type of pipe varies from steel fabricated pipe
in the high pressure pumped sections of the pipeline,
to pre-stressed concrete cylinder pipe in the gravity
and low pressure pumped sections and ductile iron,
concrete and rolled steel pipe in the small diameter
branches. The major portion of the pipeline will be
buried about 2 meters below the ground level or lo-
cated in tunnels in the mountain areas.

16.6.5 Cost Estimate

The Western Pipeline has been estimated to cost ap-
proximately 8.5 billion US $ and the Gulf Pipeline has
been estimated to cost approximately 12.5 billion
US $. All costs are based on 1986 dollars. The con-
struction period is estimated to be approximately
from 8 to 10 years. The construction cost estimate

and the unit cost of water will be further refined dur-
ing the feasibility study as more data become availa-
ble.

16.6.6 Feasibility Study

The feasibility study will evaluate key technical criteria
relative to the pipeline route location, hydraulics,
sourcing, and delivery of the water and other ele-
ments of the Peace Pipeline Project. The study will
develop the project costs and provide the information
necessary to authorities in the participating countries
to make informed judgments as to the economic, and
technical viability of the Peace Pipeline Project.

In short, Turkey has the capacity to contribute to
the establishment of an enabling environment by real-
izing these two projects for socio-economic develop-
ment of the people in the Middle East which in turn
could enhance peace and security in the region. This
water supply could create interdependency among the
countries of the region and eventually enhance eco-
nomic and commercial relations in the interest of all.
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Abstract

The water potential of the Mediterranean part of Turkey including the Aegean coastal
zone is at a level of mean annual about 8.2 x 109 m3. The size of irrigable land, in this part
of the country is about 1.8 x 106 ha, and there is very high tourism potential in the region.
The main water courses along the Mediterrenean coast of Turkey, from east to west,
include the Ceyhan, Seyhan, Goksu, Koprucay, Manavgat, Aksu, and Esencay rivers. All
together they have 35 x 109 m3 annual outflow. 

Starting from 1992, the Turkish State Hydraulics Work (DSI) was authorized to develop a
water supply project for domestic use, from the Manavgat river which has an average 147
m3/sec runoff rate. The project consists of a river intake structure of 5.8 m3/sec of water
from the Manavgat river, and a pumping station having 7 booster pumps each with 967 l/
sec capacity, and a set of two supply pipes of 1200 mm diameter, of 1057 m length, reaching
to a water purification plant situated at 67 m above msl (medium sea level). The plant does
both chemical and physical water treatment to meet WHO standards. The total storage
capacity of the project is 500 000 m3, half of it is treated-purified- and the second half as raw
water. The annual source of fresh water available at present, of 180 x 106 m3 water can also
be transported as raw water. There are two pipes of 1600 mm diameter, and about 11 km
length, to transport water to a control station located along the coast. From there on, the
water is transferred 2 SPM (Single Point Mooring) – one for purified and the other for raw
water- filling floats.Till now, water has been transported to northern Cyprus. On 4 March
2004 an agreement for water purchase was signed in Tel Aviv (see chapters by Gruen and
Rende above). Pursuant to this agreement, Israel may purchase 50 x 106 m³/year water from
Turkey for 20 years. It is hoped that the neighbouring Middle Eastern states will benefit
from this limited alternative water source for their domestic needs.

Keywords: Manavgat River water supply project, Middle East, Turkey, water transporta-
tion by sea, water sale.
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17.1 Introduction: The Manavgat River 
Water Supply Project

The Manavgat River, which starts in the eastern
slopes of the Western Taurus Mountains flows into
the Mediterranean Sea after going about 90 km south.
The Oymapýnar and Manavgat Dams are over the
Manavgat River. The Manavgat River Water Supply
Project is located near the town of Manavgat, in the
province of Antalya, in the Mediterranean Region.

The project was started in 1992, cost approximately
150,000,000 US $ and was completed in 1999. With
this project, 250,000 m³ of refined and 250,000 m³ of
raw water, totaling 500,000 m³ of water will be trans-
ported down to the sea coast by means of pipelines
where it will be loaded into tankers. This water is ex-
pected to meet the partial water need of some coastal
towns and tourist investments in this region of Tur-
key, some Middle Eastern countries and of Northern
Cyprus (DSI 2001). 

Figure 17.1: Alternatives Recipients of the Water from the Manavgat River Water Supply Project. Source: DSI 2001.

Figure 17.2: Hydraulic Flow Diagram of the Manavgat River Water Supply Project. Source: DSI (2001).
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17.2 Water Export from the Manavgat 
River 

Maximum flow of the Manavgat River is 500 m³/sec
and its minimum flow is 36 m³/sec with an average of
147 m³/sec (DSI 1999). When the average flow is
taken into account, annual capacity of the Manavgat
River corresponds to approximately 5 x 109 m³. Since
the export water will amount to 180 x 106 m³/year,
this amount is a very small proportion of the water
that flows into the Mediterranean.

17.2.1 Water Problems in the Middle East

The Middle East is one of the poorest areas of the
world in water supply and this problem is increasing.
These countries try to meet the need for drinking wa-
ter by refining seawater and ground water at a large
cost. According to the 1992 data, 15.6 x 106 m³ of salty
water is refined per day (WDRTS 1994).

17.2.2 Marketing Water from the Manavgat 
River Water Supply Project

As a result of the negotiations with Israel (2002–
2004), an agreement for water purchase was signed in
Tel Aviv on 4 March 2004. Pursuant to this agree-
ment, Israel may purchase 50 x 106 m³/year water
from Turkey for 20 years (see at: <www.mfa.gov.tr>).
While the cost of the water has not yet been specified,
the facility outlet price is 0.25 US $ (Yıldız 2003),
transportation cost is thought to be 0.80 US $. It is
uncertain which country will award the contract for
transportation. Later in May, 2006, both sides de-
cided to suspended the contract and decided to coop-
erate for more alternatives for future. 

Turkish officials believe they could provide water
to other countries. A memorandum of understanding
was signed with the Saudi Arabia Mixed Economic
Commission. Algeria and Morocco have also shown
interest in purchasing MRWSP water (figure 17.1).

17.3 Components of the Project

The project is mainly composed of the following
work units: 

• Water Intake Structure and Raw Water Pumping
Structure (17.3.1);

• Pumping Mains (17.3.2);
• Treatment Plant (17.3.3);
• Gravity Mains (17.3.4);

• Valve Control Chamber and Pumping Station
(17.3.5);

• SPM (Single Point Mooring) Structure (17.3.6).

A hydraulic flow diagram of the Manavgat project is
given in figure 17.2 and figure 17.3 offers a flow chart
of the Manavgat water supply project. 

17.3.1 Water Intake Structure and Raw Water 
Pumping Structure. 

The water intake structure of the Manavgat Dam is
situated approximately 800 m downstream. Water
taken from the level of + 8.00 m is compressed into a
balancing and aerating tank that is approximately at
the level of + 68 m (DSI 2001). The water intake struc-

Figure 17.3: The Flow Chart of the Manavgat Project.
Source: DSI (2001).
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ture is shown in figure 17.4 and details of the unit are
given in table 17.1.  

17.3.2 Pumping Mains

Water taken from the raw water pumping mains is
transferred to the balancing and aerating tank by
means of an elevation line (table 17.2).

17.3.3 Treatment Plant

The treatment plant is in the Bardaklar Beleni quarter
of the Ulukapı Village in the province of Manavgat
and situated on a hill that is 84 m high. Some 250,000
m³ of the water brought to the balancing and aerating
tank by the elevation line is sent directly to the coast
facilities after the ventilation and pre-chlorination.

Figure 17.4: The Water Intake Structure. Source: Ülger (2004)

Figure 17.5: Clarifiers. Source: Ülger (2004).
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The remaining 250,000 m³ is processed by both phys-
ical and chemical refining phases. Below sections of
the refinery are shown (DSI 2001)  .

• Balancing and aeration chamber;
• Rapid mixers and flocculation tanks;
• Clarifiers (clarifiers are given in figure 17.5);
• Rapid sand filtration units;
• Chlorination contact tank and clean water tank

17.3.4 Gravity Mains

The gravity mains are found between the treatment
plant and valve control chamber and the pumping sta-
tion (see details in table 17.3). .

Figure 17.6: Pumping Station. Source: Ülger (2004).

Table 17.1: Details of he Water Intake and Raw Water
Pumping Structure. Source: DSI (2001).

Number of Pumps 7 (1stand-by )

Capacity of Pumps 967 lt/sn

Effective 
Power

900 Kw

Total Pumping Head 75 m

Number of Air Tanks 2 

Suction Head 2.15 m

Number of Suction Pipes 7

Diameter of Suction Pipes 800 mm

Diameter of Pumping Pipes 700 mm

Capacity of Air Tanks(2) 100 m³

Table 17.2: Pumping Mains Details. Source: DSI (2001).

Number of Pipes: 2

Diameter of Pipes: Ô 1200 mm

Wall Thickness: 8.8 mm

Length of Pipeline: 1057 m

Type of Pipes: Spiral Welded Steel Pipe

Inner Coating of Pipes: Icement Added Concrete

Outer Coating of Pipes: PE

Table 17.3: Gravity mains details. Source: DSI (2001).

Number of Pipes: 2

Diameter of Pipes: F 1600 mm

Wall Thickness: 12 mm

Length of Pipeline: 10 000 m

Type of Pipes Spiral Welded Steel Pipe

Inner Coating of Pipes Icement Added Concrete

Outer Coating of Pipes PE
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Figure 17.7: Off-Shore Pipelines. Source: see at: <www.infar.com.tr.

Figure 17.8: SPM Structure. Source: DSI (2001).
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17.3.5 The Valve Control Chamber and 
Pumping Station 

The valve control chamber is designed to load
250,000 m³ refined water and 250,000 m³ of raw wa-
ter or 500,000 m³ of raw water simultaneously into
two different tanks. There is a total of 12 pumps with
the capacity of 1 m³/sec, 10 mains and 2 substitutes to
pump water to the tanks (DSI 2001). The pumping
station is shown in figure 17.6.

17.3.6 Off-Shore Pipelines 

The valve control chamber and the SPM terminals
consist of 4 pipes whose diameter is 1200 mm, which
are placed upon the sea floor. Two of these four pipes
go to the eastern SPM (Single Point Mooring), which
is 2,400 m away from valve control facilities. The
other two go to the western SPM, which is 3,200 m
away (DSI 2001). The off-shore pipeline is shown in
figure 17.7 .

Table 17.4: Raw Water Analysis Report: February 1993 - April 1999. Source: DSI (1999).

Parameter Unit Symbol Average Min Max.

Flow rate m³/sn Q 147.2 35.78 500.0

Temperature ºC T 16.5 8.0 29.0

pH PH 7.7 7.3 8.0

Electrical Conductivity µmhos/cm EC 284 200 350

Total Dissolved Solids mg/l TDS 164 110 210

Suspended Solids mg/l SS 9 1 17

Turbidity NTU Turb 2.3 0.3 9.5

Color Pt-Co Col 5 5 10

Methyl Orange
Alkalinity indicator

mg/l CaCO3 M-Al 128.8 76.0 157.5

Phenolphtalein 
Alkalinity indicator

mg/l CaCO3 P-Al 0.0 0.0 0.0

Chlorine mg/l Cl 11.89 6.39 19.9

Nitrogen of Ammonia mg/l NH4 – N 0.10 0.00 0.54

Nitrogen of Nitrite mg/l NO2 – N 0.000 0.000 0.010

Nitrogen of Nitrate mg/l NO3 – N 0.47 0.00 2.39

Dissolved Oxygen mg/l DO 9.63 7.00 13.0

Permanganate Value mg/l PV 1.14 0.32 10.72

Biological Oxygen Demand mg/l BOD5 1.36 0.80 2.3

Total Hardness mg/l CaCO3 TH 158 101 192

Orto Phosphate mg/l o-PO4 0.12 0.00 1.1

Sulphate mg/l SO4 15.41 3.50 23.9

Iron mg/l Fe 0.06 0.00 0.2

Sodium mg/l Na 1.77 0.69 7.2

Potassium mg/l K 0.33 0.10 0.8

Calcium mg/l Ca 48.91 24.85 64.1

Magnesium mg/l Mg 8.71 2.19 19.2
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17.3.7 The SPM Structures 

The water coming through two pipes shall be trans-
ferred to the SPM terminals and to tankers with the
capacity of 60,000–250,000 dwt (dead weight ton) by
means of floating hoses here. The movement of the
SPM terminals is limited by 6 anchors of 12 tons. The
ships are attached to the SPM terminals at their nose
parts (DSI 2001). Since the ship-connected parts of
the SPM terminals can rotate 360, the movements of
ships conform to the movements of SPM terminals in
various weather conditions (Cengiz 2004). The SPM
structure is given in figure 17.8.

Loading from the SPM terminals to the tankers
can be performed according to the following options:

• From one SPM 250,000 m³/day of refined, from
the other SPM 250,000 m³/day of raw water;

• From each pontoon, 250,000 m³/day of raw
water;

• From each pontoon, 125,000 m³/day of refined
water and a total 250 000 m³ of refined water. 

17.4 The Raw Water Analysis Report

The water quality standards of the refined water
from Manavgat water supply project is given in table
17.4 and those standards are compared with other
international standards in table 17.5. 

17.5 The Current State of the Project

All units of the project are now ready to work and
supply water. The Privatization High Council Deci-
sion dated 23.02.2004 mandates that privatization
procedures would be completed in 12 months (see at:
<www.oib.gov.tr>). Later, due to some unexpected
reasons, the project was removed from the list of the
projects of “The Privatization High Council”, and it
was decided to transfer the project to the ownership
of Antalya Municipality. The transfer process still con-
tinues (DSI 2006).

Table 17.5: Manavgat River Water Supply Project Comparison of Selected Parameters of Raw Water and Treated Water
by Various Water Quality Standards. Source: DSI (1999).

Parameters Manavgat River 
Raw Water

Treated 
Water

EC Drinking 
Water Standard

WHO Drinking 
Standard

TS2666 Drinking 
Water Standard

PH 7,7 – 8,0 PHs-0,2 6,5-8,5 6,5-9,5 6,5-9,2

Electrical conductivity 284-350 400 400-2000

Permanganate Value, mg / l 1,14-10,72 2-5 2-5

Total Hardness , mg / l CaCO3 158-192 min.150 100 150

Cholorine , mg Cl / l 11,9-19,9 25 250 25-600

Ammonium , mg NH4 / l 0,1-0,54* 0,05-0,5 0,2 0,05-0,5

Nitrite, mg NO2 / l 0,0-0,1** 0,1 0,1

Nitrate, mg NO3 / l 0,47-2,39*** 25-50 50 25-50

Phosphorous, mg P2O5 / l 0,0-1,1**** 0,4-5,0 0,4-0,5

Turbidity, NTU 2,3-9,3 0,4 0,4-4,0 5 5-25

Iron , mg Fe / l 0,06-0,2 0,1 0,05-0,2 0,3 0,05-0,2

Aliminium, mg Al / l 0,05 0,05-0,2 0,2 0,05-0,2

Manganase, mg Mn / l 0,05 0,02-0,05 0,1 0,02-0,05

Coliform Bacteria, MPN /100 ml none None none None

* NH4 –N, Ammonium nitrogen, mg/l 
** NO2-N, Nitrite, mg/l 
*** NO3-N, Nitrate nitrogen, mg/l 
**** PO4-P, orto phosphate, mg/l
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17.6 Conclusion 

The Manavgat River Water Supply Project can be
viewed as an alternative but partial solution to the wa-
ter scarcity problems of Middle Eastern countries.

The quality of the refined water conforms with all
specified requirements of the Drinking Water Quality
Guide of the TSE (Turkish Drinking Water Standard)
and of the WHO (World Health Organization).
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Abstract

Futile negotiation processes over water allocation and related disputes over water rights in
the Euphrates-Tigris river basin demonstrate that there is a need to create new cooperative
frameworks that enable links between cooperation and development. Hence, this chapter
commences with the description of the origins and the evolution of the dispute in the
region. There are discussions on the merits of the principle of ‘equitable utilization’ and
‘the needs-based approach’ with a specific reference to the Three Stage Plan of Turkey.
After analyzing the limitations and shortcomings of existing water allocation mechanisms
a more workable solution of ‘sharing the benefits rather than sharing the water itself” is
put forward. The Joint Technical Committee meetings are reviewed, suggesting the broad-
ening of its agenda.

Keywords: Euphrates-Tigris river basin, socio-economic development, cooperation, GAP,
Three Stage Plan, benefit-sharing

18.1 Introduction

Being one of the vital water resources in southwest
Asia, the Euphrates and Tigris rivers constitute a sin-
gle transboundary watercourse system. They are
linked not only by their natural course when merging
at the Shatt-al-Arab, but also as a result of a man-made
Thartar Canal connection between the two rivers in
Iraq. Turkey, Syria and Iraq are the three major ripar-
ians of this river system. Annual mean flow of the
Euphrates is 32 billion cubic meters per year (bcm/
year). Approximately 90 per cent of the mean flow of
the Euphrates drains from Turkey, whereas the re-
maining amount of 10 per cent originates from Syria.
As for the Tigris and its tributaries, the average total
discharge is determined as 52 bcm/year. Turkey con-
tributes approximately 40 per cent of the total annual
flow, whereas Iraq and Iran contribute 51 per cent,
and 9 per cent, respectively (Anderson 1986). 

The water question emerged on the regional
agenda when the three riparians initiated major devel-
opment projects. It is only since the 1960s that Turkey
and Syria have put forward ambitious plans to de-
velop the waters of the Euphrates-Tigris river system
for energy and irrigation purposes. At the same time,
Iraq also announced new schemes for an extension of
its irrigated area. The uncoordinated nature of these
supply-led developments as well as inefficient and in-
effective demand management practices within the
framework of national water policy and management
of the co-riparians continue to be the principal causes
of water imbalance in the Euphrates-Tigris river basin.

Adequate solutions to this problem are often
premised on coordinated regional action. The chapter
is largely devoted to discussions of the origins and the
evolution of the water dispute in the Euphrates-Tigris
river basin. It includes analyses on the merits of the
principle of ‘equitable utilization’ and ‘the needs-
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based approach’ with a specific reference to the Three
Stage Plan of Turkey.

After showing the limitations and shortcomings of
existing water allocation mechanisms a more worka-
ble solution of ‘sharing the benefits rather than shar-
ing the water itself’ is put forward. The Joint Techni-
cal Committee meetings are reviewed, suggesting the
broadening of its agenda. The chapter incorporates
analyses of recent developments and prospects for co-
operation in the Euphrates-Tigris river basin. Here,
the idea is to tackle water resource management as
part of a larger framework of overall socio-economic
development of the region by drawing attention to
the role model of the Southeastern Anatolia Project
(GAP) and to the recent rapprochement between the
GAP Regional Development Administration (GAP
RDA) and the General Organization for Land Devel-
opment (GOLD) of the Irrigation Ministry of Syria.

18.2 Endured Negotiations

Since the early 1960s there have been attempts to fos-
ter dialogue and information exchange in the region
through a series of technical water negotiations. One
could observe that the riparians had adhered to strin-
gent positions, which hardly changed during the
course of the negotiations in three decades until the
suspension of the negotiations in the early 1990s.
Thus, Iraq as the downstream riparian was keen to
preserve into perpetuity its senior-in-time uses and
showed great anxiety towards the progress of the wa-
ter development projects in Turkey and Syria. Iraq,
later joined by Syria in the early 1980s kept insisting
on concluding immediate sharing agreements. Yet,
Turkey as the new user had presented the exigency of
its planned measures and offered a joint study to find
out the irrigation needs of the riparians before agree-
ing to any basin wide allocation in the river basin. Be-
low some highlights of these endured negotiation
processes are given (Beaumont 1992).

The three riparians entered a new phase of their
relationship over water upon the decision by Turkey
to construct the Keban Dam on the Euphrates. The
downstream riparians, particularly Iraq, insisted on
guaranteed flows to be released by Turkey during the
impounding of the dam. Hence, a first meeting was
held in June 1964 with the participation of Turkish
and Iraqi experts. The Turkish delegation asserted
that it was impossible to reach a single and final for-
mula for the pattern of water to be released from the
Keban Dam reservoir before impounding by the dam.

This pattern, according to the Turkish delegation,
depended upon the natural conditions that would
prevail during the filling, and on the exact evaluation
of the concerned countries’ needs. At the end of the
negotiations, Turkey guaranteed to undertake all nec-
essary measures to maintain a discharge of 350 m3/sec
immediately downstream from the dam, provided
that the natural flow of the river was adequate to sup-
ply the above discharge. This was confirmed by Syria
and Iraq the same year. Moreover, during this meet-
ing, Turkey proposed to establish a Joint Technical
Committee (JTC), which would inspect each river at
its source to determine its average yearly discharge.
The JTC would determine the irrigation needs of the
three countries through joint field studies and would
be authorized, by calculating the needs of the ripari-
ans for present and future projects, to prepare a state-
ment of main principles and procedures in order to
facilitate an agreement on water rights (Kibaro lu/
Ünver 2000). 

Following this first technical meeting between Tur-
key and Iraq, a few more ad hoc meetings were held
in the region. Yet, among these meetings the most no-
table one: the first tri-partite negotiation was held in
Baghdad in 1965. In that meeting, the three delega-
tions exchanged technical data with regard to the Ha-
ditha (Iraq), Tabqa (Syria) and Keban (Turkey) dams.
The delegations then moved to discuss the question
of setting up a JTC. The Iraqi delegation submitted a
draft agreement, which covered, among others, the is-
sue of forming a permanent JTC to be entrusted with
supervising the implementation of the agreement.
The Turkish delegation strongly rejected the Iraqi
draft agreement, and expressed that the JTC could
only be authorized to maintain coordination of the
current and future projects in the river basin
(Kibaro lu 2002). 

In line with the Turkish proposal, Syria suggested
it would be convenient to include among the func-
tions of the JTC a study of the water requirements of
the irrigable lands in the three countries, and subse-
quently to examine the possibility of covering possible
shortages of water supplied by the Euphrates through
diverting a part of the Tigris River’s water to the
Euphrates. Iraq strongly opposed this proposal and in-
sisted on negotiating only the waters of the Euphrates. 

During the course of the 1970s, delegations from
the three countries gathered on several occasions to
exchange information about the technical issues per-
taining to the Keban, Tabqa and the Habbaniye reser-
voirs. No agreement was achieved at the end of nu-
merous technical meetings, and Turkey and Syria
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went their own ways in determining impounding pro-
grams for the two reservoirs (Kliot 1994).

18.3 Joint Technical Committee 
Meetings 

In the early 1980s, the imminent use of the Euphrates
and Tigris by Turkey created new demands for coop-
eration. Because the issues involved in water develop-
ment schemes along the Tigris and Euphrates are so
complex and far-reaching, the three riparians had to
find ways of structuring the dialogue among them.
Hence, this time Iraq took the initiative of forming a
permanent Joint Technical Committee. At the end of
the first meeting of the Joint Economic Commission
between Turkey and Iraq in 1980, a new JTC was es-
tablished to discuss and finalize the water issue
among the riparians. Syria joined the JTC in 1983
whereupon Turkey, Syria, and Iraq held sixteen meet-
ings up to 1993. 

The essential mandate given to the JTC was de-
fined as determining the methods and procedures,
which would lead to a definition of the reasonable
and appropriate amount of water that each country
would need from both rivers. The major items on the
agenda of the JTC were the exchange of hydrological
and meteorological data, information on the Euphra-
tes-Tigris Basin, the sharing of information on
progress achieved in the construction of dams and ir-
rigation schemes in the three riparian countries and
the discussion of initial plans for filling the Karakaya
and Atatürk Reservoirs. 

However, after sixteen meetings, the JTC could
not fulfill its objectives and the talks became dead-
locked, failing to produce even outlines of its meet-
ings. The major issues that led to the deadlock were
related to both the subject and the object of negotia-
tions: whether the Euphrates and the Tigris be consid-
ered a single system or whether the discussions could
be exclusively limited to the Euphrates. The wording
of the final objective of the JTC, i.e. reaching a com-
mon terminology, was also problematic; whether to
formulate a proposal for the ‘sharing’ of ‘interna-
tional rivers’, or to achieve a trilateral regime for de-
termining the ‘utilization of transboundary water-
courses’. Iraq and Syria consider the Euphrates an
international river and insist on an immediate sharing
agreement under which the waters of the Euphrates
would be shared on the basis of each country stating
its water needs. On the other hand, Turkey has re-
garded the Euphrates and Tigris as forming a single

transboundary river basin where the waters should be
allocated according to the objective needs (Kut 1993).

18.3.1 Rethinking the Mandate of the JTC

The role of the Joint Technical Committee should not
be underestimated. Although its meetings were infre-
quent and appear to have made little substantive
progress on the question of water allocation, it was a
useful channel for communication. Unfortunately, the
JTC meetings could not sustain and produce fruitful
outcomes to foster broader cooperation in the region.
Even though the JTC originated from the Joint Eco-
nomic Commission, it had focused solely on water is-
sues as its ultimate aim of ensuring cooperation and
coordinated management of water resources in the re-
gion it could not be fulfilled because of the limiting
approach which the riparians had taken to maintain
their water rights. The mandate of the JTC could be
expanded and diversified in a way that it could act
with a broader agenda where the parties could tackle
water resource management as part of a larger frame-
work of overall socio-economic development of the
river basin, thereby showing a new potential frame-
work for water based cooperation. 

Aware that sustained cooperation in the region re-
quires a development focus, a permanent institution,
and a forum for a process of legal and institutional di-
alogue, JTC could be designed to provide a platform
for discussions on water related multisectoral develop-
ment issues along with the establishment of the prin-
ciples of the equitable water use.

18.4 Water Use Rules in the Euphrates-
Tigris River Basin

18.4.1 The Protocol of 1987 between Turkey 
and Syria

The Turkish-Syrian Joint Economic Commission
meeting on 17 July 1987 had an important outcome re-
garding negotiations on the water issue. The Protocol
of Economic Cooperation signed by Turkey and Syria
at the end of the meeting included provisions for wa-
ter. It is important to note that this Protocol was re-
garded as a temporary arrangement. It embodies sev-
eral articles pertaining to the water issue. Specifically,
Article 6 of the Protocol reads as follows: “During the
filling up period of the Atatürk Dam reservoir and un-
til the final allocation of the waters of the Euphrates
among the three riparian countries the Turkish side
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undertakes to release a yearly average of more than
500 m3/sec at the Turkish-Syrian border and in cases
where monthly flow falls below the level of 500 m3/sec,
the Turkish side agrees to make up the difference dur-
ing the following month.” As a basis for comparison,
the long-term average flow of the Euphrates is approx-
imately 1000 m3/sec at the Turkish-Syrian border.

18.4.2 Water Allocation Agreement between 
Syria and Iraq: The Protocol of 1990

Syria and Iraq perceived the interruption to the flow
of the Euphrates, due to the impounding of the
Atatürk Dam, as the beginning of many such interrup-
tions that would result of the envisaged projects
within the framework of GAP happened. During the
13th meeting of the Joint Technical Committee in
Baghdad on 16 April 1990 a bilateral accord between
Syria and Iraq was reached according to which 58 per-
cent of the Euphrates waters coming from Turkey
would be released to Iraq by Syria. 

These bilateral accords were interim measures,
which were largely products of the then-prevailing po-
litical atmosphere in the basin. However, they have
not served the goal of achieving an efficient and equi-
table allocation and management of the water re-
sources in the Euphrates-Tigris river basin. 

18.5 The Three-Stage Plan of Turkey

As a product of his empirical research on water nego-
tiations that have taken place in various transbound-
ary river basins, A. T. Wolf concludes that in almost
all of the disputes that have been resolved, particularly
on arid or exotic streams, the paradigms used for ne-
gotiations have not been ‘rights-based’ at all – neither
on relative hydrography nor specifically on the chro-
nology of use – but rather ‘needs-based’. ‘Needs’ can
be defined by one or a combination of the following:
irrigable land, population, or the requirements of a
specific project or sector (Wolf 1999).

The Three Stage Plan was drafted with a needs-
based approach. The Plan encompasses joint inven-
tory studies of land and water resources of the region
and the estimation of the water needs for the compet-
ing sectors in the region, for agriculture in particular.
This, will then provide the basis for an optimum allo-
cation of the available water to the determined needs. 

During the negotiations there emerged the fact
that the water potential was unable to meet the de-
clared demands of the three riparians. And, more im-

portantly, there have been rooted uncertainties and
inadequacy relating to the data on water and land re-
sources. In response to Syrian and Iraqi demands for
the formulation of urgent ‘sharing arrangements’ de-
pending on the criteria that they put forward, Turkey
proposed the “Three Stage Plan for Optimum, Equita-
ble and Reasonable Utilization of the Transboundary
Watercourses of the Tigris-Euphrates Basin.”

The creators of the Plan asserted that by quantify-
ing the needs, the water issue could become more
manageable. With the Plan, Turkey calls for the estab-
lishment of a joint body for collecting, handling and
exchanging data regarding water and land resources
so that annual and seasonal variations can be incorpo-
rated in the estimates made to determine the alloca-
tions. In this respect, data sharing would facilitate the
negotiation process and foster the creation of many
cooperative structures. Hence, data gathering through
joint efforts would enable the riparians to become ac-
customed to cooperation and to proceed with the dis-
cussions over water allocations. Along with reaching a
set of agreed upon criteria in data-sharing, negotia-
tions could move on to talks on project coordination
and the creation of joint projects. 

The Plan is evolutionary and forward-looking in
nature; it could be revised according to prevailing con-
ditions and developed further through an interdisci-
plinary dialogue with the inclusion of the relevant
stakeholders. 

18.6 Cooperation Prospects in the 
Euphrates-Tigris River Basin

The Three Stage Plan was coolly received by Iraq and
Syria. Nonetheless, it is asserted in this study that the
needs based approach is conducive to cooperation
and with its particular emphasis on a legal settlement
the Plan will retain its innovative status in transbound-
ary water coordination. Indeed, establishing a coordi-
nated regional action in the Euphrates-Tigris River Ba-
sin presents a great challenge. This is an example for
an opportunity in the region for initiating innovative
actions in transboundary water management coordi-
nation.

Hence, the GAP Regional Development Adminis-
tration (RDA) took some useful steps in 2001 to initi-
ate contacts with Syria by sending a delegation to that
country following the invitation of the General Or-
ganization for Land Development (GOLD), Ministry
of Irrigation, Syria. Following this mission, a Syrian
delegation headed by the Minister of Irrigation paid a
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visit to Turkey. As a result of these bilateral relations,
a Joint Communiqué was signed between the GOLD
and the GAP RDA on 23 August 2001. This agreement
envisions the cooperation of both sides on training,
study missions, technology exchange and conduct of
joint projects. The agreement intends to improve the
relations between the two countries further, through
training of staff from both countries, by hosting spe-
cialists from Syria in Turkey and organizing specific
training activities. Once such training is institutional-
ized, courses are planned either in Syria or in Turkey
for other Arab speaking countries as well. In fact, fur-
ther steps have already been taken, and a technical
team from Syria has been invited to the region to dis-
cuss the principles of implementation. This agree-
ment between GAP and GOLD also includes provi-
sions about ‘twin protection areas’. This would
involve one project from each country to be studied,
planned and implemented as a Twin Development
Project that can be implemented in both countries. In
June 2002 the GAP Minister visited Syria with a dele-
gation from the GAP RDA. Talks were held regarding
the GAP-GOLD cooperation and an implementation
document was signed that defines the principles for
cooperation envisioned in the joint communiqué.
This document identifies the projects, training pro-
grams, and activities to be conducted jointly. A Syrian
delegation headed by the Syrian Irrigation Minister
later reciprocated this visit, attending the inauguration
of the wastewater treatment plant built by GAP RDA
at the Turkish side of the border, and visiting the
project-related sites in the GAP.

The GAP-GOLD Protocol comprises a limited
range of essential but effective activities to create a co-
ordination mechanism between both government
agencies. The overall goal of this agreement and its
subsequent implementation protocol (2002) has been
to provide sustainable utilization of the region’s land
and water resources, and to deal with water manage-
ment within a larger picture of overall socio-economic
development and integration of the under developed
regions in Turkey and Syria. 

The agreement was drafted with the objective of
establishing a dialogue between both countries and
strengthening inter-riparian engagement by building
‘intergovernmental networks’ which could open new
opportunities for realizing win-win solutions. Under
this promising developments between Turkey and
Syria, the GAP, which once constituted a bone of con-
tention in the regional politics, is becoming a source
of gradual cooperation for development related activ-
ities (Ünver/Gupta/Kibaroglu 2003). The following

section briefly presents the GAP as a unique water
based development endeavor in the region. This sec-
tion is intended to provide insights for future cooper-
ative initiatives which should aim at specific goals of
development and poverty reduction related to wider
socioeconomic development.

18.7 GAP: A Paradigm Shift in Water 
Resources Development

GAP has been conceived and implemented as a means
of integrating the development of water resources
with overall human development in one of the under-
developed regions of Turkey. The project area lies in
Southeastern Turkey, covering nine provinces corre-
sponding to approximately 10 per cent of Turkey’s to-
tal population and an equivalent surface area. The
Project area includes the watersheds of the lower
Euphrates and Tigris rivers and the upper Mesopota-
mian plains. The water resources development pro-
gram of GAP includes 13 groups of irrigation and en-
ergy projects, seven of which are on the Euphrates
River and six on the Tigris. The project includes 22
dams, 19 hydropower plants, and irrigation networks,
on the Euphrates and Tigris river basins, to irrigate 1.7
million hectares of land. The total cost of the project
is estimated at US $ 32 billion, 16 billions of which had
been invested until 2004.

As an integrated regional development project
based upon the concept of sustainability, the GAP
covers investments in such fields as urban and rural in-
frastructure, agriculture, transportation, industry, edu-
cation, health, housing and tourism, as well as dams,
power plants and irrigation schemes on the Euphrates
and Tigris rivers. This massive launch for develop-
ment has special emphasis on and priority for the eco-
nomic, social and cultural advancement and well-be-
ing of the whole country in general, and of the
people of the region in particular. The basic objectives
of the GAP are: to remove interregional disparities in
the country by alleviating conditions of abject pov-
erty and raising the income levels and living stand-
ards in the region; to enhance productivity and em-
ployment opportunities in rural areas and to improve
the population absorbing capacity of larger cities.

As the GAP has shifted over the years from an in-
frastructure development project, into a project that
coordinates social, cultural, economic and environ-
mental efforts, its changes have followed the changes
in global thinking about development. In recent years
there has been an increased focus on reducing poverty
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as a key responsibility of the government for develop-
ment. International conferences such as the 1992
United Nations Conference on Environment and De-
velopment in Rio de Janeiro and the 1995 World Sum-
mit for Social Development in Copenhagen have put
forward ideas about sustainability, gender equity, en-
couraging grassroots involvement, protecting the envi-
ronment, and so on. These initiatives were reinforced
at the UN Millennium General Assembly when the
Millennium Development Goal of halving the propor-
tion of the world's population living in extreme pov-
erty by 2015 was agreed by all member countries of
the United Nations. Other goals and targets specific
to water and poverty were adopted at the Millennium
Assembly and at the World Summit on Sustainable
Development (2002).

These international attempts have generated some
consensus about the priorities for development –
reaching the poorest, targeting marginalized groups
and involving target groups at all stages in the project
cycle. This has led to the adoption of policies in sup-
port of sustainable development in countries in both
North and South. The GAP has attempted to incorpo-
rate these ideas into its activities, and has learned first
hand about the tension between how development
should look, and how it is actually carried out. 

Water based development is a catalyst for eco-
nomic, social and environmental changes. The GAP,
as such, is defined as a sustainable human develop-
ment project, where water resources development is
not an end in itself; it is, indeed, a means to an end.
The end is to alleviate poverty, improve quality of life,
and to maintain the integrity of environment and eco-
systems.

The concept of sustainability is very relevant to
any analysis of water policy. Hence, in the case of
GAP, the notion of sustainability is captured in the
larger context of the sustainability of society, the
economy as well as the environmental services pro-
vided by water in the region. Sustainable human devel-
opment, as applied by the GAP for Southeastern Ana-
tolia, encompasses such goals as reaching the poorest,
gender equity, capacity building for local institutions,
and environmental protection. It is from this philoso-
phy that the GAP derives its human-centered focus,
using the momentum gained from hydropower and ir-
rigation infrastructure projects to bring opportunities
for more sustainable livelihoods to as many in the
GAP region as possible. 

The main components of sustainability for the
GAP are: social sustainability, physical and spatial sus-
tainability, environmental sustainability as well as eco-

nomic and agricultural sustainability. In accordance
with the sustainable development approach of GAP,
special programs and projects have been initiated to
emphasize the human dimension of development
through project implementations concerned with ba-
sic social services (education, health, housing), gender
equity, urban management, irrigation facilities, agri-
cultural and environmental sustainability, institutional
and community capacity-building, and public partici-
pation. 

The GAP case illustrates that in the field of water
development and management the three countries
mentioned can exploit the potential areas for cooper-
ation and benefit from the experience and practices
of one another, and develop these more toward com-
mon practice.

18.8 Conclusion: Broadening the 
Cooperation Agendas 

Water disputes in the Euphrates-Tigris River Basin
clearly stem from the mismatch between demand and
supply coupled with the uncoordinated nature of wa-
ter development projects. Adequate solutions to this
problem are often premised on coordinated regional
action. Hence, it is a high time to scrutinize the fac-
tors that prevent conflict from occurring, even when
stakes are high concerning water allocations. As rec-
ommended above, reconsidering a revised version of
the Three Stage Plan would enable all parties to deter-
mine their objective needs. Discussions concerning
water needs would better take place within the Joint
Technical Committee with its broadened agenda
whereby equitable usage could be determined along
with the handling of water related multisectoral devel-
opment issues such as infrastructure (energy, telecom-
munication, transport), agriculture, trade, industry,
health and environmental issues.

Based on the status of the relations among the
riparians of the Euphrates-Tigris system and the re-
cent political developments in Syria, along with pro-
jections with respect to Iraq in the new era, one can
predict better cooperation and more productive con-
ditions that would make use of the existing mecha-
nisms and modalities, namely the recent collaboration
between GAP and GOLD. Transboundary water coor-
dination in the region should depend on sustainability
captured in a larger context just as it has been imple-
mented in the GAP. The chapter suggests that cooper-
ation in the region needs to be based on wider devel-
opment concepts; cooperative processes need to be
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geared to specific goals of development, and poverty
reduction related to wider socio-economic develop-
ment.
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  Abstract

The focus of this chapter is on foreign policy decision-making in circumstances of water
scarcity. It focuses on how the issue of water has been treated in the negotiations within
the peace process between Israel and the Palestinians and Israel and Jordan respectively. It
also analyzes the implementation phase. The aim is to explain why and under what condi-
tions co-operation between Israel, Jordan and the Palestinian Authority has occurred and
how it has functioned in the water sector. Based on an overall actor-structure framework
of analysis the factors identified as being important in affecting the process and outcome
is identified. The development of a shared system of norms, rules and procedures (herein
labeled a water regime) for how to manage the water resource are seen as a vital explana-
tory variable for the water co-operation in the Jordan River Basin. 

Keywords: conflict, cooperation, Israel, Jordan, Palestine, water regime

19.1  Introduction

Water is the source of life. In many religions it is por-
trayed as something sacred – a gift from God. Water
is required for almost all a society’s activities, such as
the very visible ones of washing and cooking, but also
in less visible areas such as food production. While in

certain areas access to clean water is plentiful, in
many parts of the world this is not the case. It is there-
fore no surprise that increasing attention is being
given to the importance of the world’s water
resources and aquatic systems.

1 This paper is based on Jägerskog, A. (2003), Why States cooperate over shared water: The water negotiations in the
Jordan River Basin, (Linköping Studies in Arts and Science, No. 281, Linköping University). For further development of
the ideas in this chapter see: Jägerskog, A. (2006) “Functional water co-operation in the Jordan River Basin: Spillover or
spillback for political security” in Brauch, H. G., Grin, J., Mesjasz, C., Chadha Behera, N., Chourou, B., Oswald Spring,
U., Liotta, P.H., Kameri-Mbote, P. (Eds.): Facing Global Environmental Change – Environmental, Human, Energy,
Food, Health and Water Security Concept, (Berlin, Heidelberg, New York, Hong Kong, London, Milan, Paris, Tokyo:
Springer Verlag) 
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Today, more than 45 per cent of the world’s
population lives in internationally shared river basins.
The increasing pressure on the limited freshwater re-
sources in places such as the Middle East and South-
ern Africa makes greater and deeper knowledge of
how to manage transboundary waters essential. While
it was previously assumed that shared waters could
and would be a source of conflict and even war, it has
been demonstrated more recently, through a compila-
tion of a database at the Oregon State University,
comprising all water agreements on international wa-
tercourses2 that states tend to find ways to reach
agreement rather than to engage in violent conflict
over shared water resources. 

The aim of this chapter is to analyze why and un-
der what conditions cooperation between Israel and
the Palestinians and between Israel and Jordan has
taken place and how it has functioned in the water
sector. It identifies the differences of opinions, obsta-
cles to be overcome and how these have been ad-
dressed. Furthermore it draws some policy implica-
tions. While many analyses and textbooks on water in
the Middle East have focused their attention on ana-
lyzing the agreements on water per se in detail, this
chapter will focus on what has happened to the agree-
ments after their signing. In order to put the analysis
into a theoretical context, regime theory is used. The
regime theory is applied within the overall framework
of an actor–structure approach. This overall frame-
work is not used as a specific analytic instrument but
rather as a description of a general approach to the
way in which particular changes from conflict behav-
ior towards more cooperative behavior have occurred.

19.2 Israeli-Palestinian Water 
Relations 

As stipulated in the Interim Agreement between Israel
and the Palestinians, a Joint Water Committee (JWC)
was established after the signing of the agreement.
This committee is supposed to implement the under-
takings of the parties in Article 40 of the Interim
Agreement, which deals with water and waste water.
It is to be composed of an equal number of partici-
pants from each side and to reach decisions through
consensus, which means that each side has a veto.
This is a much stronger tool for the Israelis as the
projects that are discussed in the JWC are to do with
the occupied Palestinian areas. Each side can call in

experts to the committee as it sees fit. It should be
noted that, while the actual decisions implementing
the Interim Agreement are to be taken in the JWC,
the committee is still under the political leadership of
the State of Israel and the Palestinian National Au-
thority (PNA). This means that when a sensitive water
issue of political importance surfaces in the JWC it is
passed up to a higher political level. This underlines
the fact that water is very much connected to the pol-
itics in the region. 

While regime theory is not an approach that en-
compasses all the issues at stake it does increase our
understanding of the institutional aspects of the coop-
erative behavior that the parties have engaged in
within the JWC. A regime analysis deals with well-de-
fined issues around which parties create and subscribe
to means of self-regulation in the international arena.
The JWC could be described as such a regime. Be-
sides the bilateral JWC there is also activity on water
issues within the multilateral track that was estab-
lished at the Madrid peace conference in 1991. In a
subgroup under the Multilateral Working Group on
Water Resources a group, named Executive Action
Team (EXACT), which involves Israelis, Palestinians
and Jordanians have met under US auspices without
interruption since 1992. This group has, by and large,
focused on technical matters of importance for all
parties and has refrained from discussing political is-
sues. The members of the EXACT team have however
been almost always the same people that have partic-
ipated in the JWC. This has contributed to the build-
ing of trust between the parties (for more see at:
<http://exact-me.org/>).

As already mentioned, the JWC is to take deci-
sions with regard to water projects in the West Bank
by consensus. Palestinian participants in the JWC have
stated that there was an expectation that the Palestin-
ians would be able to get approval for projects in the
JWC without much problem so that implementation
of the Interim Agreement could proceed. However,
according to the Palestinians taking part in the JWC
and its subcommittees, there have been delays in deci-
sions with regard to decisions on permits to drill wells
and so on (Jarrar 2002; Barghouti 2002). At the same
time it has also to be acknowledged that some of the
implementation problems – for example, the building
of a pipeline in Gaza to receive 5 mcm water from Is-
rael per year – are due to the fact that the Palestinians
have not been able to build the transmission line in
Gaza (Jarrar 2002). While the Palestinians attribute
many problems and delays in decisions regarding Pal-
estinian projects to Israeli unwillingness, the Israelis

2 See at: <http://www.transboundarywaters.orst.edu/>.
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maintain that they have hydrological reasons for turn-
ing down Palestinian proposals (Cantour 2001). How-
ever, well-informed sources admit that Israel’s refusals
to agree on project proposals with the Palestinians are
sometimes due to political rather than technical rea-
sons. 

A further reason, which is delaying the implemen-
tation of the Interim Agreement, is the fact that the
protocols/minutes from the JWC meetings need to be
signed by all four members of the JWC (two Israelis
and two Palestinians). This is a lengthy process that
can take months to finalize. While this can be seen as
normal committee procedure it is also possible for ei-
ther side to withhold a signature as a political tool.
According to Ihab Barghouti at the Palestinian Water
Authority (PWA), the Palestinians have raised the
problems of getting approvals for projects with their
Israeli counterparts in the JWC, who are mainly tech-
nical people, and maintain that many problems were
due not to them but rather to the political leadership.
(Barghouti 2002). Another problem for the JWC is
that the Interim Agreement has an inbuilt ambiguity
(Shamir 2001). While it can be helpful when working
towards an agreement to keep it ambiguous as regards
particular points, the ambiguities become obstacles in
the implementation stage, particularly if they involve
politically sensitive issues. 

Another impediment to implementation is the
problem of Palestinian project funding. This problem
is only minor since there are willing donors active in
the Palestinian water sector. The ongoing Al-Quds In-
tifada, which started in autumn 2000, has also had a
negative impact on the implementation of the agree-
ment since there are various problems associated with
the movement of PWA personnel as a result of clo-
sures, Israeli refusals to grant permits and so on (Jar-
rar 2002). The Palestinians also highlight the fact that
there is a difference depending on whether Likud or
Labor is in power in Israel. According to Anan Jeusi
(2002), more project proposals are accepted in the
JWC if Labor is in power in Israel than if Likud is.
Thus, internal Israeli politics are intimately linked to
what it is possible to do in the JWC. 

Although various problems have hampered the im-
plementation of the agreement, both parties acknowl-
edge the importance of it being in place. Indeed, even
in the midst of the tensions during the current Inti-
fada, the work of the JWC continues. A joint state-
ment of 31 January 2001 from the Israeli and the Pal-
estinian heads of the JWC reaffirmed their commit-
ment to continue their cooperation. In the declara-
tion the parties, represented by the head of the PWA,

Nabil el-Sharif, and the head of the Israeli delegation
to the JWC, Noach Kinarty, promised to take all nec-
essary steps to keep water out of the conflict and also
appealed to their respective constituencies to refrain
from damaging water infrastructure (Schiff 2001). 

In the regime literature it is argued that regimes
function as learning processes and can hereby also be
a place for the policies of parties in a regime to con-
verge, thus creating fertile ground for increased coop-
eration (Mayer/Rittberger/Zürn 1993). Behavior along
these inherently constructivist lines of thinking are
not immediately apparent in the Israeli-Palestinian wa-
ter relations. However, both parties acknowledge that
the joint mechanism for dealing with their trans-
boundary waters is necessary (Barghouti 2002; Ben-
Meir 2001). This is a result of an appreciation on both
sides of the fact that they are linked by their hydrolog-
ical interdependence. It is acknowledged that a level
of trust has been built in the JWC, in particular on a
professional level. The impediments to implementa-
tion seem to be related more to politics than to prob-
lems on a professional (meaning technical) level.

According to regime theory there are various ways
in which regimes come into existence. The realist ar-
gument – that regimes are created by powerful hegem-
ons because it serves their interests – seems to have
some bearing in this case as it can be argued that the
USA has seen a stabilization of the region and coop-
eration over water as fitting its interest. In addition, Is-
rael, which can be portrayed as a regional hegemon,
also views agreement with its Arab neighbors as some-
thing that would serve its interests, both from a stra-
tegic and from an economic perspective. At the same
time, the neo-liberal argument for regime creation,
which pinpoints the demand for regimes as the most
important factor, also has a bearing in this case. This
stems from the idea that by creating a regime the par-
ties to the regime can more accurately estimate the
costs and benefits of action. In other words the par-
ties to the regime are in a better position to avoid sub-
optimal outcomes (Hasenclever/Mayer/Rittberger
1997). In the case of Israel and the Palestinians the
common appreciation of their hydrological interde-
pendence has spurred a demand for joint manage-
ment of the shared waters. 

It is concluded that the water relations between Is-
rael and the Palestinians resemble a water regime.
There exist principles, norms, rules and decision-mak-
ing procedures (more or less well established), which
are deemed necessary for a regime (Krasner 1983).
These features are influenced by the power asymme-
try, identified by Keohane and Nye as a source of
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power for affecting outcomes, by which Israel is able
to exercise a strong influence on the direction imple-
mentation takes (Keohane/Nye 1989). In terms of ef-
fectiveness it is concluded that the members have gen-
erally abided by the rules of the regime. However, an
impediment to the effectiveness of the regime is that,
while the Interim Agreement was supposedly negoti-
ated in ‘good will’ the political relations that inevita-
bly affect the JWC have substantially slowed its imple-
mentation (see Interim Agreement, Article 40). In
terms of robustness and resilience the Israeli–Palestin-
ian regime is a strong one. In spite of all the political
problems during the current Intifada, the JWC and its
subcommittees have continued to meet and coordi-
nate water-related activities. Fadl Kawash, the director
general of the Palestinian Water Authority, stated in
late October 2002 in an interview in the Jerusalem
Post that Palestinians were working together with
their Israeli counterparts to prevent pollution of water
through the JWC in spite of the Intifada (Muscal/La-
houd 2002). 

Two underlying questions in this chapter are how
and why change occurs in the water relations in the
Jordan River Basin. It is argued that we need to look
at both actors involved in the management of the wa-
ter resources as well as the structures in which they
are working. When assessing the water negotiations
and the work of implementing the agreement in the
JWC it is clear that, if the professionals involved in the
JWC were not subject to guidance by politicians
(which is of course impossible), working relations
would be much better and it would be possible to
look at the various project proposals and so on from
a purely technical perspective. Yet, as Hay points out,
agents/actors are never to be analyzed apart from
their context. He calls this the contextualization of
agency, which means that the social and political ac-
tion of agents should be analyzed within the structural
context in which it takes place (Hay 1995). 

Thus, while the level of technical understanding
between the people participating in the work of the
JWC is high, the Israelis as well as the Palestinians are
situated in a structural context (meaning, for example,
the ongoing political conflict), which affects what
they can and cannot do. Indeed, the structures work
as a sort of ‘boundary’ for action. Still, the actors also
affect the structures. For example, although almost all
of the cooperation between Israel and the Palestinians
has been suspended as a result of the Intifada, the
shared understanding among the participants in the
JWC – that it is imperative to continue to have a func-
tioning joint mechanism for water issues between the

parties – has resulted in cooperation. The meetings of
the JWC and its subcommittees have continued in
spite of the political tension. 

In terms of structures it is important to note that
the structure – agency issue is a matter of power as
well. Hay has pointed out that structures can be ena-
bling as well as constraining. He maintains that struc-
tures provide resources and opportunities to the pow-
erful while at the same time they constrain the weaker
party (Hay 1995). This issue, which can be seen as an
issue of asymmetry in power, is emphasized by the Pal-
estinians as a constraining factor since it is, according
to their view, possible for Israel to pressure them in
the sphere of water because they are more powerful
in terms of economic size, military strength and so on
(Jarrar /Awayes 2002). Still, Israel as well can be seen
as being constrained by the international structures
(meaning, for example, influence and pressure from
the international community), which demand a reso-
lution of the conflict, including a settlement of the
water dispute.  

19.3 Israeli-Jordanian Water Relations 

Like the Interim Agreement between Israel and the
Palestinians, the Peace Agreement between Israel and
Jordan stipulates that a Joint Water Committee should
be established. The JWC is to be composed of three
members from each side and be able to call in experts
whenever it is deemed necessary.3 The JWC is respon-
sible for the implementation of the water clauses of
the Peace Treaty. Thus, in order to be able to assess
the pace and quality of the implementation of the
treaty, it is relevant to study the work of the JWC. 

Before embarking on an analysis of the actual
work of the JWC it is important to view the history of
Israeli-Jordanian water cooperation and coordination.
Water has been portrayed by some as a reason for
conflict and even war in the Jordan River Basin. How-
ever, authors who focus on the potential for war,
apart from ignoring the ameliorating factor of virtual
water, have also tended to neglect that something that
might be called a water regime has been in place reg-
ulating the water relations between Israel and Jordan
since the early 1950s. The common understanding,
reached in UN-led talks that started in the 1950s, on
the use of the disputed waters of the Jordan River Ba-

3 See: Treaty of Peace between the State of Israel and the
Hashemite Kingdom of Jordan, Article 6, at: <http://
www.mfa.gov.il/mfa/go.asp?MFAH00pa0>.
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sin between Israel and Jordan during a period when
they were de jure in a state of war, is a good example
of a water regime that greatly reduced the tension be-
tween two adversaries. Dinar (2000) argues that the
USA viewed cooperation on water issues in the Jor-
dan Basin as a tool for the creation of peace in the re-
gion. Consequently, the realist argument that the in-
terests of hegemons create regimes seems to have
some bearing in this case. However, there was also a
demand for the regime from the countries, which fits
the neo-liberal argument, regarding the nature of co-
ordination of the shared water resources (Haddadin
2002). 

Regardless of how the regime came about, it has
provided a means to build trust between the states
and has facilitated the development of friendly rela-
tions. Furthermore, the 1955 Johnston plan for the wa-
ter management in the Jordan River Basin, which was
facilitated by a US team of experts, can be seen as a
part of a water regime (or the beginning of a regime),
despite the fact that it was not formally recognized by
the states (Wolf 1993). The plan has been used as a
sort of baseline for water relations in the basin. It
shall be noted that, while some of the recommenda-
tions in the Johnston Plan were adhered to, many
were not, which is quite in contrast with what many of
the textbooks on water in the Middle East say. The
water agreement between Israel and Jordan, which is
a part of the Peace Agreement signed 1994, can be
seen as having enhanced and formalized the regime
cooperation between the two states. The treaty, how-
ever, stipulates the rights and obligations of the two
parties, while the regime concerns mainly the actual
behavior of the parties to the regime.

Consequently the work of the JWC and the imple-
mentation of the water clauses of the Peace Treaty
should not be viewed as separate from the history of
water cooperation and coordination. Even before the
actual treaty, principles and norms for the water rela-
tions between the parties existed. Principles involve
goal orientation and beliefs at a general level in areas
such as the environment and security. Norms describe
general rights and obligations, which operate mainly
on the level of issue areas but are still at a very general
level. Hence the basics of the regime were in place be-
fore the peace negotiations started. In a fully-fledged
regime there are also rules which are specific prescrip-
tions and proscriptions for action that are often
stated in a formal agreement such as the water clauses
in the Israeli–Jordanian treaty. In addition, there are
decision-making procedures in a regime, which are
prevailing practices for making and implementing col-

lective choices. These can be seen to be manifest in
the form of the JWC and its procedures for taking de-
cisions (Levy/Young/Zürn 1995). 

The ways in which the water-related parts of the
Jordanian-Israeli Peace Treaty and the Palestinian-
Israeli agreement are being implemented are similar in
some senses but at the same time very different since
in the former case there exists a final peace treaty
while in the latter there is only the Interim Agree-
ment. Allan (2001) argues that the implementation of
the water parts of the Israeli–Jordanian Peace Treaty is
not unproblematic but is happening at a reasonable
pace.

Among the issues with which the JWC has had to
deal are a number that have caused disagreements
and thus delays. According to Haddadin (2002), there
has been a slippage of dates’ on the part of Israel in
the implementation of its commitments to Jordan.
For example, according to the agreement Jordan shall
be entitled to equal amounts of water in relation to Is-
rael from the lower Jordan River. However, in order
to decide the exact amount a survey of the existing Is-
raeli use had to be conducted and agreement has not
been reached about how to conduct it. Thus, the Jor-
danian argument is that Israel is deliberately delaying
action that is needed as background for the imple-
mentation of the water clauses of the treaty. Further-
more joint studies on water resources that were to
benefit data exchange financed by the European Un-
ion (EU) were, as seen from a Jordanian perspective,
delayed in part by Israel through its bureaucratic pro-
cedures. Dureid Mahasneh, who was the Jordanian
head of the JWC from 1996 to 1999, argues even that
the Israelis were obstructing the implementation of
the treaty (Mahasneh 2002). One of the heads of the
JWC from Israel, Meir Ben-Meir, also maintained that
there were problems in the implementation of the
agreement and the work of the JWC, although even
so both parties recognized that it was imperative that
the committee stay in place (Ben-Meir 2001).

Furthermore, Haddadin (2001) also attributes im-
plementation problems to ineffectiveness on the Jor-
danian side, thus recognizing that Israel was not the
only problem. While the donors, in particular the EU,
acted fast in securing financial support for joint
projects, there were sometimes disagreements over
which firms should carry out studies and also delays
in processing agreed terms of reference for consultan-
cies owing to the bureaucratic procedures of the par-
ties. In addition, work to identify the additional water
of 50 mcm per year for the benefit of Jordan has not
seen much progress. This is because there is disagree-
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ment as to who should bear the cost of the additional
water. According to Israel it is Jordan that should bear
the cost since the water is for its benefit. Not surpris-
ingly, Jordan does not agree (Shamir 2001). While Jor-
dan has proposed that the additional 50 mcm should
be taken from Lake Tiberias, Israel has proposed a
scheme for reclamation of the Jordan River coupled
with desalinated water from the saline springs of the
Lake Tiberias and Bissan area. Until this is imple-
mented Israel has agreed, on a temporary basis, to
supply Jordan with 25–30 mcm per year of Tiberias
water (el-Nazer 1997). 

It should also be noted that, from a Jordanian per-
spective, the changes in the political scene in Israel,
which brought Likud to power in 1996, also affected
its water relations with Israel (Mahadin 2002). Ac-
cording to Haddadin the meetings became intermit-
tent and less productive, although some studies were
implemented. On technical matters, however, the
working relations between Israel and Jordan still func-
tioned reasonably well (Alem 2002). Having noted
the problematic aspects of the implementation proc-
ess, it is also important to discuss the positive aspects.
For example, the canal for storage of Yarmuk water
from Jordan in Lake Tiberias was built quickly and
was inaugurated by King Hussein at the beginning of
July 1995. However, there are no provisions for what
to do when there is a drought. This is a serious issue
for the parties. Apart from the problems of 1999
when Israel did not want to supply Jordan with what
was stipulated (although it eventually did), there has
been no problem in the transfer of water from Israel
to Jordan (Alem 2002; el-Nazer 2002; Mahadin 2002).
There has been a fear on the Jordanian side that the
quality of the water that Israel releases to it in the
summer is of much worse quality than what it receives
from Jordan in the winter from the Yarmuk River
(Trottier 1999). However, according to Jordanians in-
volved in the JWC, who are responsible for the water
that comes from Israel, the water released has been of
high quality (Alem 2002; el-Nazer 2002). The joint
project to bring water from the Red Sea to the Dead
Sea, announced on 1 September 2002 at the World
Summit for Sustainable Development in Johannes-
burg, can also be counted as evidence of positive
tendencies. The aim of the project is to reverse the de-
cline in the water table of the Dead Sea (Mutaz 2002).

The effectiveness of the regime between Israel and
Jordan has been limited since conflicts between them
(not over water) have forced them not to abide by the
rules of the water regime at all times. That said it is
apparent in the agreement from 1994 that many of the

principles existing on the international level, such as
the provision not to cause ‘significant harm’, have
been used. Furthermore, a joint institution (the JWC)
has been established in order to implement and mon-
itor the principles agreed upon. It is positive to see
that emphasis has been put on cooperation in the
maintenance of the common resource. It is concluded
that the regime is a rather strong one in terms of its
robustness and resilience. The last time it was severely
challenged was during the drought in 1998–2000,
which produced a disagreement over allocations be-
tween the parties. This was partly because no provi-
sions had been made for drought in the agreement
from 1994. The conflict was, however, resolved and
the norms, rules and principles that existed in the wa-
ter regime contributed to this end.

The working relations within the JWC, on a pro-
fessional level, can be seen as functioning rather well
(e. g. Mahadin 2002; Ben-Meir 2001). This stems from
a joint professional understanding of the importance
of having a function in place that enables cooperation
on the shared waters. At the same time the institution-
alization of the JWC as an arena for discussion, coor-
dination and cooperation can be seen as a structure
that enables the professional understanding to grow.
However, there are also ‘external’ structures that can
effectively constrain or enable the work in the JWC
and, consequently, the implementation of the agree-
ment as well. As mentioned above, the change in gov-
ernment in Israel from Labor to Likud affected the
work of the JWC and was perceived by the Jordanian
side as having delayed implementation. While the ac-
tors within the JWC (from both parties) had a wider
range of avenues for action under a Labor govern-
ment in Israel, the room for maneuver decreased dur-
ing the Likud period. Thus, the surrounding political
environment effectively sets the boundaries for what
has been feasible in the water sector.  

19.4 Policy Relevance

In particular, two areas of importance from a policy
perspective are identified through the research. 

First, the research shows that water (and water co-
operation) is intimately linked to politics. For those
who come from a political science background this is
perhaps to state the obvious, but from a water practi-
tioner’s perspective it is seldom well understood.
While donor agencies and international organizations
sometimes see water as separated from other fields,
this research suggests that such an approach will lead
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to misunderstandings and disappointments, for exam-
ple, with regard to why support activities do not ac-
complish the expected results in the estimated time.

Second, observations have been made with regard
to the evolution of cooperation on transboundary wa-
ter. My conclusion is that by long-term support for
the processes of establishing cooperation on a shared
water resource, donor agencies and international
organizations can play an important role. In the Is-
raeli-Jordanian case it is evident that the role of the
UN Truce Supervision Organization (UNTSO),
which worked as an ‘umbrella’ for discussions on wa-
ter coordination in spite of the absence of a peace
agreement, was important. The activities, involving
many meetings between Israelis and Jordanians,
started as early as the 1950s and continued up until
the Peace Treaty in 1994. As in this case, the process
of developing a water regime is often a long one and
it meets setbacks on occasions. It must be remem-
bered that the institutionalization of cooperation re-
quires time (and not just a signed agreement). The fi-
nancial support that international donor institutions
could provide to bring about water cooperation is sel-
dom rewarding to the donor in the beginning and can
be seen as a high-risk investment. However, if cooper-
ation is achieved and institutionalized the rewards are
great since cooperation and coordination over a
shared body of water are prerequisites for many other
water development projects as well as rural develop-
ment projects. The involvement of donor institutions
should not be too far from the national interests of
their clients (the riparians) but should stimulate col-
lective action, albeit stopping short of trying to im-
pose it. Thus for a donor or organization to engage in
building cooperative structures in a shared river basin
demands courage and a vision that will have to go be-
yond the lifetime of a single project. 

19.5 Conclusions 

The focus of analysis of this chapter has been on the
actual implementation of the agreements (both final
and interim) between the parties in the Jordan River
Basin. The case of Israel and the Palestinians is differ-
ent from the Israeli–Jordanian case in that the agree-
ment to be implemented is an interim one, while Is-
rael and Jordan are working with the implementation
of a final agreement. Within an overall actor – struc-
ture theoretical framework, regime theory has been
used to analyze the implementation process, which
has mainly taken place within the respective Joint Wa-

ter Committees. It is concluded that it is imperative to
analyze the actions of actors in the committees within
their proper structural context, which means that an
account of linkages between water and other political
issues have been incorporated into the analysis.

With regard to the implementation of the various
parts of the agreements it is concluded that they are
often being implemented somewhat painfully. That
said, it is also evident that in the Israeli-Palestinian
case many parts of the interim agreement awaiting im-
plementation are being delayed despite a general un-
derstanding on part of the professionals (among ex-
perts) that implementation should be carried through.
Politically sensitive issues, such as the locations for the
drilling of Palestinian wells in the West Bank, are gen-
erally blocked by Israel for hydrological reasons but it
seems that there are often political reasons for those
decisions. Israeli officials also unofficially acknowl-
edge this. Furthermore, while the ambiguities that ex-
ist in the agreements are useful when trying to reach
an agreement, they work as obstacles in the post-
agreement phase when they are to be implemented. It
is concluded that the power asymmetry between the
parties, which is particularly evident in the case of Is-
rael and the Palestinians, effectively gives Israel the up-
per hand in the decisions with regard to the imple-
mentation of the agreements. 

Furthermore, it is noted that, in comparison, the
Israeli-Jordanian cooperation and implementation of
the agreement can be described as fairly smooth while
the Israeli-Palestinian cooperation and implementa-
tion of the Interim Agreement have encountered ob-
stacles. These obstacles cannot be attributed to prob-
lems of cooperation on a professional level. They are
rather the result of the surrounding political circum-
stances which are much more sensitive and problem-
atic in the case of Israel and the Palestinians than in
the case of Israel and Jordan. 

In spite of the problems in implementation there
exists a kind of contained mechanism that guides the
action of the parties. This can be called a water re-
gime. While this does not imply that there are no
problems in the sector, it is concluded that the evolv-
ing principles, norms, rules and decision-making pro-
cedures resemble a water regime. In addition, during
times of pressure on the regime, such as the drought
in 1999, which resulted in strained relations between
Israel and Jordan, or the Intifada between Israel and
the Palestinians that started in September 2000, the
water regime has shown robustness and resilience al-
though its effecttiveness has been hampered. Hence it
is concluded that the international water regimes that
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exist might be seen as a conflict-mitigating factor
since they promote basin-wide interstate cooperation
and thereby increase water security. The analysis of the
water cooperation in the Jordan River Basin through
the prism of regime theory has been helpful in explain-
ing why cooperation has occurred in spite of the signif-
icant political conflict. When a convergence of values
has occurred within a regime and the cooperation has
been institutionalized it is more difficult than one
might think to reverse or end this cooperation.  
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Abstract

This chapter offers a critique of the Oslo II regime for the joint management of the West
Bank's water resources, systems and supplies, arguing that this regime should more accu-
rately be thought of as evidence of ‘joint mismanagement’. The argument is threefold.
First, that the Oslo II regime was premised on a chimera of ‘cooperation’, which differed
in little more than name from the occupation regime that predated it. Second, that the
Oslo II regime was a license for environmental destruction, especially of the West Bank’s
Eastern Aquifer. And third, that the structure of the Oslo process as a whole militated
against the development of effective institutions and against ‘good governance’, in the
water sector as elsewhere. The collapse of Oslo should not blind us to the fact that the
Oslo II regime does not represent a good model for joint Israeli-Palestinian water manage-
ment

Keywords: Oslo, Israel, Palestinian, cooperation, governance

20.1 Introduction1

At the time of the first Israeli-Palestinian-International
conference on water in December 1992, there was
much talk of the need for joint management of
regional water resources (Isaac/Shuval 1994). Yitzhak
Rabin had just six months previously been elected as
Israeli Prime Minister, a Labor-led coalition was in
power in Israel for the first time since 1977, and peace
was in the air (even if the situation on the ground in
the West Bank and Gaza continued to deteriorate).
Secret negotiations were about to commence which
would culminate, in September 1993, in the signing of
the Oslo Accords and the onset of the Oslo peace

process. The hope and expectation was clearly that,
with a peace process firmly on the horizon, Israelis
and Palestinians might soon be cooperating in the
joint management of shared water resources, and in
ameliorating the growing Palestinian water crisis.

And these hopes were not without foundation.
Within a month of the famous handshake on the
White House lawn, international donors had pledged
over $ 2 billion for the reconstruction and develop-
ment of the West Bank and Gaza, in what was to be-
come, in per capita terms, amongst the largest donor
efforts ever undertaken by the international commu-
nity (Brynen 1996: 46; World Bank 2002: v). Water
was recognized as a priority sector from the outset,
with over 10 per cent of all aid money to the Palestin-
ians between 1993 and 2000 being dedicated to water
and wastewater projects (Rouyer 2000: 229). Israel
and the PLO had agreed in their Declaration of Prin-
ciples to co-operate in managing the water resources
of the West Bank and Gaza.2 And within a couple of
years this hoped-for co-operation started to take prac-

1 This article draws heavily upon Selby (2003) and on cer-
tain other articles referenced below. I concentrate here
especially on the West Bank, saying very little about the
situation in the Gaza Strip, this being because it is the
West Bank which has supposedly been the home of
‘joint management’ in the water sector.
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tical effect, with the September 1995 Oslo II Agree-
ment committing the parties to the establishment of a
Joint Water Committee (JWC) and several Joint Su-
pervision and Enforcement Teams (JSETs), and to the
‘co-ordinated management’ of the West Bank’s water
and wastewater systems and resources.3 This, most
commentators ventured, represented a “break-
through” – “a major step towards a permanent Israeli-
Palestinian accommodation over water.”4 Israeli-Pales-
tinian water co-operation seemed to be a shining ex-
ample of the potential for peaceful co-existence and
for a two-state solution to the Israeli-Palestinian con-
flict. 

The collapse of the Oslo process since September
2000 does not, of course, disprove these hopes and
expectations, since – while continuing Palestinian wa-
ter shortages can hardly have helped the cause of
peace – the peace process collapsed for reasons that
had little to do with the distribution of water supplies
or the management of water resources. Yet 14 years
on from the first Israeli-Palestinian-International con-
ference on water, and with the Oslo process now
dead, there is urgent need for a reappraisal of the suc-
cesses and failures of joint water management under
Oslo. Most discussions of Israeli-Palestinian water co-
operation under Oslo still portray it in largely favor-
able terms. The joint management agreement, goes
the usual story, was a significant “step in the direction
of an equitable water sharing agreement” (Rouyer
2000: 207). There was, as Fadel Qawash, deputy head
of the Palestinian Water Authority (PWA) puts it,
“nothing wrong with the agreement”, the problems
having lain to the contrary in the Netanyahu govern-
ment’s unwillingness to implement the agreement
fully.5 And notwithstanding this, continues the ortho-
dox narrative, the water sector remains one of the few
areas where the parties are still cooperating, as evi-
denced by the fact that the JWC continues to meet in
spite the collapse of the broader peace process.6 Most
discussions of the Oslo water agreements hold that,
whatever else was wrong with the Oslo process, the

water agreements themselves were a model for coor-
dinated management and cooperation. 

This assumption is in this author’s view misplaced
for at least three reasons: firstly, because the much-
lauded ‘joint management’ regime established under
Oslo was, and remains, an illusion; secondly, because
the Oslo water regime was a license for environmental
destruction; and thirdly, because the nature of the Pal-
estinian political system created under (and as a bi-
product of) Oslo inevitably led to weak governance
and mismanagement in the Palestinian water sector.
Unfortunately, these issues have consistently been ob-
scured through a mixture of nationalist discourse and
expert oversight. Palestinian nationalist discourse, for
instance, has led Palestinian Authority (PA) water pol-
icy makers to downplay the extent to which they were
already cooperating with Israeli water authorities
prior to 1993, and has thus led them to overstate the
novelty of joint management under Oslo. Interna-
tional experts, for their part, have typically approa-
ched the Oslo water agreements as if they were an ob-
vious ‘good’, and without a sufficiently in-depth or
critical understanding of the problems inherent in the
structure of the peace process and of Israeli-Palestin-
ian relations. Of course, ‘cooperation’ is in general
preferable to ‘conflict’, but we should not assume that
any particular instance of ‘cooperation’ is good simply
because it gives itself that name. And when we look at
the Oslo water accords in detail, this author would ar-
gue, we do not find a broadly positive model of ‘joint
management’. What we find, to the contrary, is a rec-
ipe for ‘joint mismanagement’ of the water sector,
with little potential either to rectify the structure of Is-
raeli-Palestinian relations or to ameliorate the Palestin-
ian water crisis. It is this case that the author sets out
below.

20.2 The Chimera of ‘Cooperation’

The Oslo II agreement of 1995 committed Israel and
the PA, as already noted, to establishing a Joint Water
Committee (JWC), with responsibility for overseeing

2 Israel and the PLO, Declaration of Principles on
Interim Self-Government Arrangements (13 September
1993), Annex III, Article 1. 

3 Israel and the PLO, Interim Agreement on the West
Bank and Gaza Strip (28 September 1995), Annex III,
Appendix 1, Article 40.

4 “Negotiators achieve breakthrough on water rights”, in:
Israel-Line (25 August 1995); Shapland (1997): 35.

5 Quoted in Al Quds (16 April 1998): 22; PWA Press Con-
ference (22 August 1998). 

6 During the first few months of the second intifada there
were no meetings of the JWC. In January 2001, how-
ever, the JWC made a joint declaration urging people to
keep water infrastructures “out of the cycle of violence”
(JWC, “Joint declaration for keeping the water infra-
structure out of the cycle of violence”, 31 January 2001).
Between then and the formation of the new Hamas Pal-
estinian government in March 2006, the JWC continued
to meet, albeit irregularly. 
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the management of all of the West Bank’s water and
sewage resources and systems.7 The JWC would oper-
ate in seemingly egalitarian fashion: it would com-
prise an equal number of Israeli and Palestinian repre-
sentatives, and decisions within it would be reached
by consensus.8 The JWC would have overall authority
for surveying and protecting existing resources, for de-
veloping new supplies, for maintaining existing infra-
structures, and for constructing new ones.9 It would
not, however, be responsible for the day-to-day man-
agement of resources and systems; it would function,
rather, as a coordinating body, with most on-the-
ground work being undertaken separately by one or
other of the parties. Thus particular water and sewage
systems would be controlled by either Israel or the
PA: those systems “related solely to Palestinians”,
which until then were “held by the military govern-
ment and Civil Administration”, would be transferred
to the PA, while all other systems would remain under
Israeli control.10 Irrespective of its name, the JWC
would be a “coordinated” rather than a “joint” man-
agement structure.11 

On the surface, this sounds eminently sensible and
impressively cooperative. In reality, however, the JWC
system merely formalized a discriminatory manage-
ment regime that was, for the most part, already in ex-
istence. During the course of the occupation, Israel
had constructed an integrated water supply network
across the West Bank which conjoined Israeli settle-
ments and Palestinian towns and villages within a sin-
gle integrated supply network, but at the same time
discriminated sharply between the two populations.
Supply lines, many of them from within Israel, typi-
cally fed both existing Palestinian communities and
the many new and expanding illegal Israeli settle-
ments. But the lines feeding Palestinian communities
were generally of much narrower diameter than those
feeding Israeli settlements, and Palestinian storage res-
ervoirs were likewise much smaller than those of their
Israeli counterparts. Come the onset of the Oslo pro-
cess in 1993, the West Bank’s water supply systems
had become clear testimony to the Israeli state’s colo-
nial and apartheid ambitions – on the one hand facil-
itating the territorial integration of the West Bank
into Israel and the creeping colonization of Palestin-

ian lands, whilst on the other hand ensuring that the
Israeli settler population received a disproportionate
share of water supplies (for details see: Selby 2003:
83–91).

Just as significantly, during the course of the occu-
pation Israel had also established a delegated institu-
tional regime for managing the Palestinian water sec-
tor. This institutional regime was premised on the
Palestinian-staffed West Bank Water Department, as
well as Palestinian municipalities and village councils,
being responsible for liaising with Palestinian water
users. While the Israeli Military Government (later
Civil Administration) and its Water Officer retained
overall regulatory control, and while Mekorot, after
1982, owned the water supply infrastructures, it was
the Water Department and local Palestinian authori-
ties which were responsible for maintaining distribu-
tion lines, for opening and closing supply valves to
Palestinian communities, and for billing Palestinian
communities. None of these Palestinian institutions
had any power over or responsibility for Israeli set-
tlers, however; the Water Department was not al-
lowed to close water supply valves to Israeli settle-
ments, for instance, and had no role in billing Israeli
settlers.12 These Palestinian institutions and the Water
Department in particular, thus functioned as a key in-
stitutional interfaces between the Military Govern-
ment and the occupied Palestinian population, ena-
bling the Israeli state to effect its colonial and
apartheid water policies without having any direct
contact with Palestinian users.

The implications of the management regime estab-
lished under Oslo II should by now be clear. The Pal-
estinians would henceforth be responsible for main-
taining and operating internal systems within
Palestinian towns and villages, as well as those con-
nections to such internal systems which did not feed
Israeli settlements. Yet given that by 1995 Israeli and
Palestinian water supply networks were thoroughly in-
tegrated, this did not promise the Palestinians a great
deal. Israel would continue to control the vast major-
ity of supply lines, and would also continue to control
all of the numerous deep wells which had been drilled
by Mekorot since 1982, since these all supplied at least
some Israeli settlements. Moreover, given that most
local water supply and infrastructure management

7 Israel and the PLO, Interim Agreement, Annex III,
Appendix 1, Article 40 (11, 12).

8 Ibid., Article 40 (13 14).
9 Ibid., Article 40 (12); Schedule 8.
10 Ibid., Article 40 (4); Schedule 8 (2.a, b).
11 Ibid., Article 40 (12); Schedule 8.

12 Interviews with Taher Nassereddin, West Bank Water
Department (12 April 1998), and Abdul Rahman
Tamimi, Palestinian Hydrology Group (19 April 1998).
For more details on the structure and functioning of
this institutional regime, see: Selby (2003): 80–83.
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within the West Bank was already being undertaken
by Palestinians – both by the West Bank Water Depart-
ment, and by municipalities and village councils – the
seeming novelty of Oslo II’s co-ordinated manage-
ment system was largely illusory. To the contrary, the
water accords of the Oslo II Agreement merely for-
malized a supply management system which had been
in operation for years, presenting it, misleadingly, as
part of an egalitarian-sounding ‘joint’ and ‘co-ordi-
nated’ management system.

Very much the same can be said regarding two
other management issues, resource monitoring and
water prices. The Oslo II agreement stipulated that
the two sides would establish, under the supervision
of the JWC, “no less than five Joint Supervision and
Enforcement Teams (JSETs)”, for the monitoring and
policing of the West Bank’s water resources, systems
and supplies.13 As with the JWC itself, the JSETs
would operate according to strictly egalitarian princi-
ples: each of them would be comprised of “no less
than two representatives from each side”, and each
side would have its own vehicle and cover its own ex-
penses.14 The JSETs teams would be responsible for
locating unauthorized water connections, for supervis-
ing infrastructure developments, and for monitoring
well extractions, spring discharges and water quality.15

Three such teams were immediately established, each
of them responsible for hydrologic monitoring.16 The
twist lies, though, in the fact that these three JSETs
followed precisely the same monitoring system as had
been followed since the early 1970s by the West Bank
Water Department. Monitoring was conducted by the
same Palestinian technicians and in line with the very
same procedures and schedule; and data was re-
corded on forms which barely differed from those
which had been used prior to the Oslo II Agree-
ment.17 The only significant differences post-Oslo
were that the monitoring process became significantly
more time-consuming (owing to the difficulty of or-
ganizing security convoys in the territorially frag-
mented West Bank), and that the Palestinians became
entitled, like their Israeli counterparts, to use JSETs
data (and while this latter change was in principle sig-
nificant, it was in practice nullified by Israel’s refusal
to transfer key historic and contemporary data, which

meant that, throughout the Oslo period, Palestinians
remained heavily reliant on Israeli databases, plans
and models). From 1995 onwards, there did exist a
formal mechanism for the joint supervision of the
West Bank’s water resources, but it was one which
continued to enshrine overall Israeli control over po-
litically-sensitive water-related information (Selby
2003: 108–112). 

As for water prices, Oslo II stipulated that “in the
case of purchase of water by one side from the other,
the purchaser shall pay the full real cost incurred by
the supplier, including the cost of production at the
source and the conveyance all the way to the point of
delivery.”18 At first glance this would appear fair and
reasonable. As noted above, however, the Israeli au-
thorities would continue to exercise control over the
West Bank’s water resources, and over all ‘upstream’
facilities, such that the Israeli authorities would always
be the ‘suppliers’, Palestinian authorities and commu-
nities the ‘purchasers’. Moreover, the terms of this ar-
ticle applied only to transactions between Israelis and
Palestinians, placing no constraints on purchases by
Israeli settlers. And settlers receive their water at
highly subsidized rates: by one source, during the mid-
1990s settlers were paying $ 0.40 per cubic meter for
domestic water and $ 0.16 for agricultural uses, while
Palestinians were paying $ 1.20 for both domestic and
agricultural supplies (this differential pricing being
rendered possible because settlers are billed by the Is-
raeli water supply company Mekorot rather than by
the West Bank Water Department, as Palestinians are;
see Isaac/Selby 1996: 18–20). Thus under the reason-
able-sounding terms of Oslo II, Palestinians had no
option but to pay the ‘full real cost’ of production and
supply to the Israeli authorities, while these same au-
thorities were free to continue supplying settlers at
rates well below the real cost of production and sup-
ply. As with the management of systems and supplies,

13 Ibid., Schedule 9 (1).
14 Ibid., Schedule 9 (2, 3).
15 Ibid., Schedule 9 (4).
16 Interviews with Mustapha Nuseibi, West Bank Water

Department (27 June 1998); and Taher Nassereddin (15
August 1998).

17 Prior to the Oslo II Agreement, water data was
recorded on forms headed ‘State of Israel, Ministry of
Agriculture, Water Commission, Hydrological Service’,
to be signed by an Observer and a District Engineer.
Thereafter, the forms were re-headed ‘Joint Water Com-
mittee, JSETS – Joint Supervision and Enforcement
Team – Israeli-Palestinian’, and were to be signed by an
Observer, a District Engineer, and representatives of the
Israeli and Palestinian Teams (in practice, the Observer
and District Engineer once again). In all other respects
these two sets of forms were identical.

18 Israel and the PLO, Interim Agreement, Annex III,
Appendix 1, Article 40 (18).
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Oslo II simply legitimized a discriminatory pricing
mechanism which had existed since well before 1995.

Beyond this, the Oslo II arrangements had one ex-
tra benefit for Israel. Since the onset of the intifada in
1987, the West Bank Water Department had been fac-
ing increasing levels of non-payment by Palestinian
municipalities and individuals, such that by 1995 it had
debts of around NIS 18 million ($ 4.5 million). With
the inauguration of a formal ‘joint management’ sys-
tem, these debts suddenly became taken on by the
Palestinian side, being covered by the Palestinian Min-
istry of Finance. By 2002, these Water Department
debts had risen to NIS 110 million ($ 24 million).19

The formalization of Israeli-Palestinian co-operation
had enabled Israel to divest itself of some of the most
onerous burdens of occupation, without losing con-
trol of either water resources or supplies to Israeli set-
tlements, and without having to forego its discrimina-
tory pricing policy.

So much one might be willing to concede; but
didn’t the Oslo II Agreement also hold out the prom-
ise of additional water supplies for the West Bank’s
Palestinian communities? Indeed it did: 23.6 mcm/y
would be made available within the West Bank in or-
der to meet the “immediate needs of the Palestinians
… during the interim period”, while a further 41.4–
51.4 mcm/y would be developed to meet the “future
needs” of West Bank Palestinian communities.20 Yet
significant as these provisions undoubtedly were, their
overall import needs to be qualified in a number of re-
gards.

Firstly, these provisions placed only a minimal bur-
den on Israel. Of the total promised new and addi-
tional supply to the West Bank of 65–75 mcm/y, Israel
would be financially responsible only for the develop-
ment of 4.5 mcm/y, with the Palestinians bearing the
capital costs of developing the remaining 61.5–71.5
mcm/y. Moreover, Israel would have to sacrifice only
a minimal loss of water, since of the planned addi-
tional West Bank supply of 65–75 mcm/y, Israel
would only have to supply 3.1 mcm/y from its national
water system.21 In these respects, the Oslo II Agree-
ment simply enabled Israel to divest itself of the bur-
den of developing much-needed additional water for
the Palestinians, transferring the financial burden for

improving Palestinian water supplies from Mekorot to
the international donor community and in turn the
PA (which will at some point have to start repaying its
soft loans to international donors).

Secondly, the PA under Oslo was not entitled to
unilaterally amend or abrogate any of the water-
related military orders which were put in place by the
Israeli authorities in the wake of the 1967 war.22 As a
result, ultimate decision making authority over water
resources and systems continued to lie with the Water
Officer of the Civil Administration, who could in the-
ory veto any Palestinian infrastructure development
proposal, even after it has received the consent of the
JWC. Such in fact did occur on numerous occasions
within the Israeli-controlled Area C (which consti-
tuted 60 per cent of the West Bank), especially when
proposed well locations and supply lines clashed with
Israeli plans for new settlements and bypass roads.23

Thirdly, the structure of the JWC set significant
constraints on Palestinian development of the West
Bank’s water resources. We have already seen that de-
cisions within the JWC operate by consensus. Yet
given that all infrastructure development works “re-
quire the prior approval of the JWC” (and this in-
cludes every pipeline of greater than 2 inch diameter
or 200 m in length, and includes every well that needs
constructing or rehabilitating), it so follows that each
of the parties has an effective veto over the other’s
proposals.24 While in principle this applies equally to
both sides, in practice it places by far the biggest con-
straints on the Palestinians, simply because they are so
much more needful of new and additional supplies.
As it has turned out, Israel has generally vetoed the
Palestinian development of “other agreed sources in
the West Bank”.25 It has rejected several proposed
well locations on the grounds of their being too close
to Israeli settlements.26 Moreover, the PA has only

19 Interviews with Taher Nassereddin (12 April 1998), and
Mohammed Jaas, West Bank Water Department (18
August 1999, and 1 June 2002).

20 Israel and the PLO, Interim Agreement, Annex III,
Appendix 1, Article 40 (7), (7.b.vi).

21 Ibid., Article 40 (7).

22 Israel and the PLO, ‘Interim Agreement’, Article 18
(4.a).

23 Interviews with Ayman Jarrar, Palestinian Water Author-
ity (17 August 1999), and Omar Zayad, Palestinian Water
Authority (17 August 1999); also Rouyer (2000): 225–
226, 232; and Ze’ev Schiff: “Sharon suggests taking over
water sources in West Bank”, in: Ha’aretz (21 May 1997).

24 Israel and the PLO, Interim Agreement, Annex III,
Appendix 1, Schedule 8 (1.b). The same point is made by
Elmusa (1997): 131; and Rouyer (2000): 223. Bureau-
cratic details from interview with Mohammed Jaas (26
August 1999). 

25 Interview with Taher Nassereddin (15 August 1998);
Rouyer (2000): 225, 228.

26 See Rouyer (2000): 228, 232; Schiff, ‘Sharon suggests
taking over water sources in West Bank’.
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succeeded in avoiding the Israeli veto on its infrastruc-
ture development proposals by entering into a tacit
modus vivendi with the Israeli authorities, one in
which Israel has been willing to grant licenses for Pal-
estinian development of the Eastern Aquifer, but only
in return for permission to construct new and en-
larged water supply systems from within the Green
Line to Israeli settlements in the West Bank (the Oslo
II Agreement places no limit on new supplies to Is-
raeli settlements).27 While the PA assented to this new
construction work only on condition that it was not
taken as implying recognition or acceptance of Israeli
settlements, the fact remains that the PA had in prac-
tice little option, under the seemingly egalitarian
terms of Oslo II, but to assent to the extension and
entrenchment of Israel’s illegal settlement building
program.28 Given that the settlements are the central
impediment to Palestinian statehood, it can quite rea-
sonably be concluded that the Oslo II water accords,
by licensing (and forcing the Palestinian authorities to
assent to) continued settlement growth, were a regres-
sive rather than progressive development, decidedly
not a step in the right direction.

In each of these regards, the promises of new and
additional supplies contained in the Oslo II Agree-
ment were much less significant than they at first ap-
pear. What must also be emphasized is that these lim-
itations follow directly from the terms of the Oslo II
Agreement, not from their post-hoc interpretation
and implementation. There were indeed problems of
implementation during the Oslo period: there was,
for instance, a relative breakdown in Israeli-Palestinian
water relations during the early part of Netanyahu’s
tenure as Israeli Prime Minister; and Israeli pipelines
were on several occasions laid to West Bank settle-
ments without having first received JWC permission
(and in some cases where Israeli proposals have been
rejected by Palestinian JWC officials).29 But the cen-
tral problems with the ‘joint management’ regime es-
tablished under Oslo lay with the terms of the regime
itself, rather than with their inadequate implementa-
tion. The Oslo water agreements did not transfer sig-
nificant authority to the Palestinians: as under the oc-
cupation, they were responsible for local supply

management and administration, but had no control
over resources. Equally, the accords did nothing to
amend the discriminatory water distribution and wa-
ter pricing systems established under occupation: the
only difference now was that Israeli water apartheid
was granted official Palestinian consent. As during the
occupation, countless Palestinian communities would
go three or more months without piped supplies each
summer. Indeed, the main consequences of the Oslo
water accords were not any significant transfer of
power to the Palestinians, or any amelioration of Pal-
estinian water shortages, but rather three things: the
construction of extra layers of bureaucracy (the JWC,
the JSETs, the PWA) which above all served to dissim-
ulate Palestinian autonomy; a transfer of power from
Palestinian ‘insiders’ to PLO ‘outsiders’ returning with
Arafat from Tunis; and a transfer of some of the ma-
jor burdens of occupation (the costs of investing in
new infrastructures, and of coping with non-payment)
from Israel to the PA and the international donor
community.

It is true, as the standard account has it, that
Israeli-Palestinian ‘co-operation’ over water issues has
continued since the breakdown of the peace process.
However, in light of the above this should come as no
surprise. Israeli and Palestinian water managers were
‘cooperating’ before Oslo, and equally, they have con-
tinued to ‘cooperate’ since its collapse, despite Israel’s
renewed oppression of the Palestinians, and coloniza-
tion of the West Bank Palestinian land. The PWA is
still approving new supply lines to Israeli settlements:
during early 2002, for instance, approval was granted
for an 11 km and 32 inch pipeline from the Green Line
to Gush Etzion.30 For many, the very fact that the
JWC is still meeting is a positive sign. But this author
begs to disagree. A ‘joint management’ system in
which one party has no option but to assent to the
colonization of their own land is little more than a
“dressing up of domination as ‘cooperation’” (Selby
2003a).

20.3 A License for Environmental 
Destruction

One further problem with the terms of the Oslo II
water accords, not discussed thus far, was that the
main water resource granted to the Palestinians was
simply not fully there for the taking. The Oslo II
agreement stipulated that all of the Palestinians’ im-

27 Interviews with Ayman Jarrar (17 August 1999), Omar
Zayad (17 August 1999), and Mohammed Jaas (18
August 1999).

28 Interview with PA water official, to remain anonymous.
29 Interviews with Karen Assaf, Palestinian Water Author-

ity (13 July 1998 and 17 August 1999), Mohammed Jaas
(26 August 1999 and 1 June 2002), and Taher Nassered-
din (15 August 1998); also Rouyer (2000): 247. 30 Interview with Mohammed Jaas (1 June 2002).
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mediate and future water needs (estimated at 70 to 80
mcm/y) would be met through development of “the
Eastern Aquifer and other agreed sources in the West
Bank,” the Eastern Aquifer being one of the three ma-
jor West Bank aquifers, and the only one, according
to Oslo II, that was not yet being exploited to its full-
est.31 Handily, there remained, according to Oslo II,
an as-yet unexploited 78 mcm/y within the Eastern
Aquifer, an annual yield that was uncannily close to
meeting all of the Palestinians future needs.32 It was
on the strength of these figures that, in the wake of
the 1995 agreement, international donors started
pouring money into the development of the Eastern
Aquifer. The sites for sixteen production wells were
agreed upon shortly after the signing of the accords,
with donors, led by USAID, seeing the development
of the Eastern Aquifer as the key to ameliorating the
water supply crisis in the West Bank. What few of
them realized and still fewer were prepared to admit,
however, was that the Eastern Aquifer did not have
nearly the potential claimed. 

The data for the Eastern Aquifer contained within
the Oslo II agreement was arrived at by two Israeli hy-
drologists at the Israeli water planning company, Ta-
hal, who, following a recharge methodology, calcu-
lated the safe yield and remaining potential of the
Eastern Aquifer by totaling the yearly volume of
spring discharges and well extractions from it.33 In
their view, the significant discharge from the Ayn
Fashkha springs along the Dead Sea shore provided
strong evidence of significant remaining potential in
the aquifer. The relevant figures were passed to Is-
rael’s Oslo II water negotiators, who in turn annexed
them to the Oslo II agreement. Palestinian negotia-
tors, lacking any precise figures of their own, could
hardly rebut the Israeli data.

Yet the problem is that there is compelling evi-
dence that the agreement vastly overstated the re-
maining potential of the Eastern aquifer (Selby 2003:
ch. 5). In the first place, and as one of the two Israeli
hydrologists who produced the Oslo II data admits, if
the Eastern Aquifer were fully exploited, then salt wa-
ter from the floor of the Jordan valley would flow up
into the lower stretches of the aquifer, possibly con-
taminating existing wells: as the hydrologist in ques-
tion suggests, a minimum 20 mcm/y would have to be

allowed to continue flowing from the Dead Sea
springs in order to negate this possibility.34 Secondly,
the volume of existing discharge from the Dead Sea
springs appears to have been over-estimated within
the Oslo II calculations, these calculations having
been premised on monitoring work undertaken by
the Israeli Hydrological Service during 1992, on the
back of heavy rainfall during the previous winter (the
IHS calculated discharge at 80 mcm/y), rather on the
more conservative and, in most experts’ views, repre-
sentative findings of Tahal in the late 1980s (which put
discharge at only 40 mcm/y).35 Thirdly, it seems likely
that much of the seeming remaining potential of the
Eastern Aquifer is inaccessible, both because it comes
from deep saline aquifers (some of the water emerg-
ing from the Dead Sea springs fell as rain 25,000 years
ago, as far away as the Atlas Mountains), and because
it flows so thinly through the upper, non-saline parts
of the aquifer as to render exploitation economically,
and perhaps even technologically, unfeasible.36 For all
of these reasons, it seems clear that the Eastern Aqui-
fer has nowhere near the potential claimed in the
Oslo II agreement.

More startling still, however, water table levels are
already rapidly declining in certain parts of the East-
ern Aquifer and have been doing so for years. Water
table levels in one of the wells, Herodian 3, just south
of Bethlehem, have been declining at a rate of 5 meter
per year since 1981 (Aliewi/Jarrar 2000: 6). Moreover,
according to the Israeli Hydrological Service, the wa-
ter table of the Herodian Aquifer (as they call the
Herodian area of the Eastern Aquifer) dropped by
1.75 meters between 1972 and 1996 (IHS 1998: 192).
Extraction was excessive even before Oslo, but since
then “the drilling of more wells into an already de-
pleted aquifer [has] exacerbated the problem of un-
sustainability” (Scarpa 2004). As a study conducted in
1998 for the PWA concluded, if all of the then
planned wells were to be drilled and brought into op-

31 Israel and the PLO, Interim Agreement, Annex III,
Appendix 1, Article 40 (7.b.vi).

32 Ibid, Schedule 10.
33 Interviews with Yossi Guttman, Tahal (4 August 1998);

and Ze’ev Golani, Mekorot (6 August 1998). 

34 Interview with Yossi Guttman (4 August 1998).
35 Interviews with Dvor Gillad, Israeli Hydrological Serv-

ice (16 August 1998); Yossi Guttman (4 August 1998);
David Scarpa, Water and Soil Environmental Research
Unit, Bethlehem University (30 March 1998); and Abdul
Rahman Tamimi (19 April 1998).

36 David Scarpa, personal communication (3 September
2000). On the composition and origins of the Eastern
Aquifer waters see Kronfeld et al, (1992): 71–6; and
Mazor/Molcho (1971): 37–47. On the problem of
accessing dispersed waters see Guttman (18 January
1998). Thanks also to David Scarpa on this latter issue
(interview, 25 August 1998).
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eration, there would be an estimated decline in the
Herodian well field of up to 120 meters over only a
four-year period (CDM/Morganti 1998). 

The Oslo II water accords were a recipe for the
environmental destruction of the Eastern Aquifer. Un-
willing to forgo all but a smattering of their existing
water supplies, the Israeli authorities “fabricated the
facts about aquifer yields,” and through so doing man-
aged to conjure up a sparkling new and until then
barely noticed resource (Aliewi/Jayyousi 2000: 14).
Given the prevailing power dynamic, Palestinian nego-
tiators had little option but to accept the Israeli data.
And once this data was embedded within the Oslo II
agreement, it became the standard and unquestioned
reference point for Israelis, Palestinians and interna-
tional donors alike. The Israeli authorities had little
political interest in the fate of what would at some
point become an internal West Bank aquifer; the Pal-
estinian water authorities were likewise unwilling to
recognize or to forego development of the one water
resource they had been offered under Oslo; and inter-
national donors, with eyes only on propping up the
peace process, generally did not conduct environmen-
tal assessments of their own (Palestinian Hydrology
Group 2000). As two leading Palestinian water ex-
perts write, “the consequences might be disastrous”
(Aliewi/Jarrar 2000: 3). Under the Oslo regime, the
environment was endangered for the short-term pur-
poses of political expediency – hardly evidence of pro-
gressive joint management in action. 

20.4 The Promotion of Bad 
Governance

Third and finally, the character of the Palestinian po-
litical system created under Oslo made it impossible
for the Palestinian water authorities to manage their
water sector adequately. To understand why this was
so, we need to turn away from water issues for a mo-
ment, and consider the structure of the peace process
more broadly. The Oslo process was driven all along
by three things: first, by Israel’s desire to subcontract
many of the more onerous burdens of occupation,
particularly in relation to policing and security; sec-
ond, by Israel’s desire to achieve this without making
too many territorial sacrifices, and without divesting
overall control of the economies of the West Bank
and Gaza, or of its natural resources, most impor-
tantly water; and third, by the political desperation of
the Tunis-based PLO, and of Yasser Arafat in particu-
lar. For Yitzhak Rabin, the security considerations

were paramount: “Palestinians will be better at it [im-
posing order] than we are,” he observed with brutal
candor, “because they will allow no appeals to the Su-
preme Court and will prevent the Israeli Association
of Civil Rights from criticizing the conditions there by
denying it access to the area. They will rule by their
own methods, freeing, and this is most important, the
Israeli army soldiers from having to do what they will
do.”37 In line with this fundamental security principle,
Israel sought to enable and increase Arafat’s security
powers over Palestinian society. It raised few objec-
tions to the proliferation of Arafat’s security agencies,
or to the ever-growing numbers of police and security
officers employed by him – both in contravention of
signed agreements.38 Instead it sought to deepen his
powers over the Palestinian population, both by allow-
ing his security agencies to enforce order in areas out-
side the PA’s formal control, and by topping up his
personal finances and hence powers of patronage (un-
til 1999, remittances from Palestinian laborers in Israel
and the settlements were being forwarded by Israel
not into an official PA bank account, but rather into a
personal Bank Leumi account held by Arafat).39 For
his part, Arafat faced strong challenges from opposi-
tion forces and local political elites within the West
Bank and Gaza, and was therefore more than willing
to accept those extra security responsibilities and
powers of patronage granted him by Israel. At the
heart of the Oslo process, in sum, lay a convergence
of interests between Yasser Arafat and the Israeli
state: these were, as Chomsky puts it, the “Israel-
Arafat agreements” (Chomsky 1999: ch. 10).

The consequence of all this was that the Palestin-
ian political system created under, and necessitated
by, Oslo was dominated by Arafat’s powers of patron-
age and security services, and, as an inevitable corol-
lary, had weakly developed institutions and rule of
law. In Michael Mann’s terms, the PA system was
“despotically strong” but “administratively weak”
(Mann 1993: 59). For Arafat, as well as for Israel, do-
ing Israel’s security bidding was more important than
building the institutional infrastructure for statehood. 

The impact of this pattern of rule on the water
sector was as evident as in any other arena of Palestin-

37 Ha’aretz (7 September 1993); quoted in Usher (1999):
74.

38 Usher (1996):. 21–34; Danny Rubinstein, ‘Protection
racket, PA-style’, Ha’aretz (3 November 1999).

39 R. Bergman, ‘Israel deposited NIS 1.5b in Arafat’s per-
sonal account’, Ha’aretz (8 October 1999); Amira Hass,
‘Chairman Arafat straightens out his financial accounts’,
Ha’aretz (13 January 2000).
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ian life. Under Oslo, the Palestinian water sector was
characterized by violent local water conflicts, by high
levels of water theft, by thriving black markets, by the
misallocation of scarce resources, and by further envi-
ronmental despoliation. In the southern West Bank,
in particular, there were regular violent conflicts be-
tween Palestinian communities, with local municipali-
ties and village councils competing for scarce water
supplies, and with the central Palestinian water au-
thorities being generally unable to control these local
authorities and impose the rule of law. Municipalities
in control of important wells (Hebron, for instance)
would use these as a source of local political leverage,
charging exorbitant water prices to surrounding towns
and villages. Communities on major supply lines
would tap into them illegally, while powerful down-
pipe communities (of which Hebron is, once again, a
shining example) would take matters into their own
hands in order to secure their supplies. Individual
theft and non-payment were also high. Individuals,
sometimes it seems with the connivance of local au-
thorities and security agencies, would steal water from
supply lines before delivering it by tanker at exorbi-
tant black market prices. Local supply inequalities
would result, with the quality of supply differing wildly
from one Palestinian town or village to the next. And
in those areas, most notably the Gaza Strip and Jenin
district, where groundwater could be readily accessed
through shallow wells, unregulated drilling promised
the further destruction of aquifers. All of this oc-
curred because the central Palestinian water authori-
ties, and indeed the PA at large, lacked the administra-
tive capacity to govern the Palestinian water sector ad-
equately. And this, in turn, was no less than
embedded in the structure of the Oslo process. Pales-
tinian mismanagement of the water sector was in
large part the product of a defective peace process
that prioritized short-term Israeli security, and that
not only permitted but also supported the creation of
a corrupt and fragmented Palestinian Authority.40  

20.5 Conclusions

In autumn 2000, the Oslo process collapsed. Unable
to fulfill the security functions for which it had been
established, the PA and Arafat were declared “irrele-

vant”, first by Ariel Sharon and later by the Bush ad-
ministration. Unable to rely upon its client police
force in the West Bank and Gaza, Israel has since
March 2002 largely destroyed the PA’s policing capac-
ity and re-established direct occupation. Israel and the
international community now insist that “reform” of
the Palestinian Authority must take place before nego-
tiations can recommence. But we should not interpret
this as a sudden conversion to the principles of “good
governance”: the main thing that has changed from
the days when Israel was priming Arafat’s personal
bank account is that the language of reform now suits
the Israeli right’s interest in delaying the re-start of ne-
gotiations. 

Until there is a serious commitment to Palestinian
good governance from the Israeli state and the Pales-
tinian Authority alike, it is highly unlikely that internal
Palestinian water management will improve. Equally,
until there is a serious commitment to proper ‘joint
management’, in which powers and responsibilities
are meaningfully restructured rather than merely re-
presented in the language of ‘cooperation’, it is highly
unlikely that the Palestinian water crisis will be amel-
iorated. In this author’s view it is a mistake, to think
that Oslo and its water accords failed because of elec-
toral changes in Israel, or because of some failure to
fully implement agreements that were in essence
sound. To the contrary, the Oslo accords, and the
Oslo II water agreements too, were rotten from the
very beginning. The lessons are clear: future final sta-
tus talks and agreements need to construct a proper
joint management regime, as distinct from ongoing Is-
raeli domination; they must not be reached at the ex-
pense of precious natural resources; and they must do
all that they can to enable Palestinian authorities to
create a well-regulated Palestinian water sector. Unless
this happens, the mistakes of Oslo are more than
likely to be repeated. 
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Next the statesman will invent cheap lies, putting the blame upon the nation that is attacked,
and every man will be glad of these conscience-soothing falsities, and will diligently study
them, and refuse to examine any refutations of them; and thus he will by and by convince
himself that the war is just, and will thank God for the better sleep he enjoys after this proc-
ess of grotesque self-deception.

Mark Twain (2004 [1916]: 228). “History of War”, in: Twain, Mark: The Mysterious Stranger
(New York: Harper & Brothers).

Abstract

This chapter examines the applicability of recent developments in the field of security
studies to water conflict issues in the Jordan River basin. Neumann’s contribution to the
Copenhagen School of security studies, particularly the concept of the ‘violization’ of pol-
itics, is discussed alongside Warner’s contribution of the concept of ‘opportunitization’.
Both concepts incorporation of the insight garnered through consideration of the guiding
rationale of the state and non-state actors. It is shown that a combination of these con-
cepts results in an expanded security continuum (non-politicized – politicized – securitzed/
opportunitized – violated) that is directly relevant to the analysis of water conflict issues
between Palestine and Israel. Warner identifies the prime concerns, goals and power of
actors in different security sectors to develop the concept of ‘security sector goals’. 

Two case studies from 2002 are considered: the water infrastructure damages in the West
Bank and the Wazzani River dispute between Lebanon and Israel. Dynamics revealed by
the application of the theory include a split on positions between actors normally consid-
ered aligned on one side of a conflict (for example between sub-national level Palestinian
water professionals and their national level representatives); the ability of governments to
obscure or enhance water conflict issues to suit other unrelated political interests; the var-
ying position that a conflictual issue can take along the security continuum in relation to
time and circumstance and, perhaps most notably, the effect of power asymmetries
between competing actors active in issues that have become violated. 

Keywords: security, conflict, water, violization, opportunitization, Palestine, Israel, Jordan
River

21.1 Introduction

The end of the Cold War signaled the beginning of a
new way of thinking about state security. This cogni-
tive evolution has matured, has been tested and is

now deeply ingrained in the public psyche. It is widely
recognized that a weak economy is as dangerous as a
military adversary for the stability of a state. Few
would question that the protection of identity and the
environmental services of water are also important as-
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pects of life that are ‘worth fighting for’. In addition,
most citizens understand that their state’s perceptions
and concerns about its security in these sectors is gov-
erned in part by its relationships with other states cru-
cial to its foreign policy. These concepts have been
clarified and theorized by security studies theory,
chiefly by ‘the Copenhagen School’ of Buzan, Wæver,
de Wilde (1998) and others (Neumann 1998; Warner
2000). 

The theory helps to explain why the Jordan River
basin may be one of the least secure areas in the
world and yet is very highly ‘securitized’. Insecurity
comes about due to the conflict over land between
Palestine, Israel and Lebanon. Just as water is an inte-
gral part of the land, however, water-related issues
form an integral part of the conflict. On the ground
in the region an observer can simultaneously witness
excessive amounts of rhetoric, wanton destruction of
infrastructure, skewed analysis and yet cooperation
between the actors in the water sector (Selby 2003;
Jagerskög 2003; Allan 2001). A better understanding
of these apparent paradoxes requires a deeper look
into international relations theory, hydrology, social
science, political ecology and, of course, political sci-
ence. “If we are to increase the solution-space in water
management, we’ll have to recognize that there is no
single actor, no one best way, no single knowledge
base that can do the trick” (Warner 2000: 2). The the-
ory of security studies presented in this chapter will
help with the trick.

21.2 Security Studies Theory 

Forced by global historic events to depart from the
traditional ‘narrow’ military understanding of secu-
rity, Barry Buzan’s theoretical conception of different
security ‘sectors’ effectively captures the wider view of
security studies. Each of Buzan’s five security sectors –
political, military, economic, societal and environmen-
tal – can be analyzed at any or all of four levels: inter-
national, regional, national and sub-national. The con-
cept of ‘security complexes’ assists further with the
analysis. Defined as “a set of states whose major secu-
rity perceptions and concerns are so interlinked that
their national security problems cannot reasonably be
analyzed or resolved apart from one another” (Buzan/
Wæver/de Wilde 1998: 12), the concept contributes to
explanations of actions and dynamics that occur be-
tween interacting states. 

Buzan, Wæver and de Wilde (1998) furthermore
note that power asymmetries define the parameters of

the complex, and they are in constant flux. Changes
thus developed can impact on the complex in four
manners: maintenance of the status quo (the change
does not undermine the structure of the complex), in-
ternal transformation (the change affects relations
and asymmetries within the complex), external trans-
formation (the change affects relations with states
previously outside of the complex), and overlay
(where an actor external to the complex imposes its
own power asymmetries upon the indigenous security
dynamic).

The theoretical framework is itself quite complex.
As in molecular or anatomical studies, analysis of the
dissected elements is relatively easily understood (the
eye can be proven to send some form of impulse to a
specific part of the brain) but the more important and
most difficult task is to understand the whole (why
did that impulse not elicit the person to react as ex-
pected, and what did she really see, anyway?). After
all, “states approach security as aggregate security, not
as five different fields” (Buzan/Wæver/de Wilde 1998:
170). Nonetheless, analysis of a single security issue
between several actors in a specific sector, at a partic-
ular level, within a broader security complex, is a nec-
essary step in the analytical process. 

21.2.1 Prime Concerns and Rationales of 
Security Sectors  

At this microscopic, dissected level, specific actors’ ac-
tions and reactions could be expected to vary accord-
ing to each actor’s constitution (the structure and
members forming the actor) and motivation (the
force driving the decisions and actions of the actor).
A particular actor’s constitution can be quite diverse,
with representation from some combination of the
government, civil society or the private sector. Analy-
sis of a heterogenic state behaving as a collective actor
is always a complex task (Benvenisti 2002: ch. 3). The
American actor in the economic security sector at the
international level, for example, would be composed
of the U.S. government representatives at the World
Trade Organization, domestic production unions, spe-
cial-interest groups, etc. Given the myriad of possible
combinations, generalizations about the make-up and
structure of each actor are ineffective. The analysis is
best-advanced on a case-by-case basis.

The motivations of each actor, on the other hand,
are more generally predictable. Within the ‘liberal re-
alism’ perspective of Buzan, rational actors – if they
don’t always make rational decisions – at least follow
certain rationales to achieve their objectives (and to
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ensure their own survival). Warner (2003) incorpo-
rates this concept into security studies theory, identi-
fying the guiding rationale of individuals and insti-
tutions involved in each sector. According to Kant,
these fall into the category of either ‘goal rationality’
(concerned with material values) or ‘value rationality’
(concerned with processes). Warner further identifies
that each sector has a prime concern - that is the state
of being which, until achieved, means serious security
and survival concerns for actors within that sector. 

These enhancements to the theory overlayed onto
the amended Buzan security diagram (adapted to
change the ‘military’ domain to ‘physical’ in order to
accommodate water and raw material acquisition, and
augmented to include each sector’s prime concern)
presents us with an augmented tool of analysis (figure
21.1). 

The rationale categorization used in figure 21.1
seems accurate and useful in at least so far as each do-
main’s guiding rationale closely mirrors its prime con-
cern. Recalling that these dynamics occur within an
established security complex, the previously-discussed
complexity of the model is evident and unavoidable.
This complexity is compounded further when one
considers the very different capacities of each actor to
achieve their prime concern, or the power asym-
metries and relativities that exist between the actors.
The discussion could be taken further yet to examine
the methods available or used by the actors in each
domain. We shall now concentrate on the motivations
of the various actors. 

Strong actors could be expected to attempt to
reach (and to probably achieve) their prime concerns,
through various methods. An example of this type of
competition is that of a successful businessman fran-
chising out his business while smaller independent
businesses close in his wake. Moderately strong actors
would be consistently aware of their position, ever on

the lookout to improve it. An example in politics is
where a political party ruling with a fragile coalition
faces an upcoming election. Weak actors, on the
other hand, may hold their prime concern only as a
goal perhaps never to be attained, and they are forced
to deal with the much dirtier daily struggle for their
own survival. One thinks of those attempting to man-
age natural resources in the scorched earth circum-
stances of the West Bank.

21.2.2 Base Values and Aspirations: First, 
Second and Third Order Goals

 Depending on the power asymmetries of the various
actors, there can be substantial gaps between the
strong actors (seeking to go much further than their
‘prime concerns’) and the weak actors (desperate to
achieve their ‘prime concerns’). In theorizing this phe-
nomenon, Warner conceives of the notion of first-
and second-order goals. With the addition of the
higher-yet third-order level, these motivations may
come to be known as ‘security sector goals’, whose
characteristics are defined in figure 21.2. 

First order goals are essentially the ‘prime con-
cerns’ themselves and are characterized by the notions
of “base values” or “bottom-lines” “which if allowed
to fall below may trigger defense-mechanisms”
(Warner 2000: 4). The actors who have not been able
to achieve this first order goal are forced to deal regu-
larly with real threats to their security. The overriding
characteristic governing behavior is protection, or the
continued attempt to ensure survival. Actors who
have achieved the first order goal, particularly those
who have struggled laboriously for it, would tend to
take a conservative approach to maintaining their
achievement.

Figure 21.1: Buzan’s Security Diagram as Enhanced by Warner. Source: Warner (2000). Reproduced with permission of
the copyright holder.

Security Sector 
Level 

 Physical  Political  Economic  Socio-cultural  Environmental

International system

Macro-region

Unit (state)

Sub-system

Prime Concern integrity stability, 
legitimacy

wealth identity health

Rationale goal legitimacy, 
power-base

cost-benefit ratio social values, 
habit, instinct

adaptation
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Second order goals can be considered more bene-
ficial, higher risk achievements. Because a certain
amount of risk would normally be required to achieve
this higher order, the goals can be considered “ra-
tional maximums”, or “risk-ceilings” as Warner (2000:
4) puts it. The conditions necessary to achieve this or-
der would be normally available only after a period of
careful and calculated maintenance of an actor’s po-
sition or else following “emblematic events” as identi-
fied by political ecology theory (Allan 2001). The
dominant characteristic governing behavior at this
level is accumulation, or the acquisition of resources,
allies, tactics, etc. enabling an improvement of or con-
solidation in position. 

Third order goals may be considered “irrational
maximums”, where an actor attempts to gain distinc-
tion. This can be considered beyond risky to cocky,
beyond influence to worship. Examples include state
empires such as colonial Britain or else megalomaniac
media conglomerates set on global dominance and
perpetual growth, calling themselves ‘empires’ in the
process. The overriding characteristic governing be-
havior at this level is supremacy, where the goal of
preservation of an actor’s position is seen to justify
the means used against and suffering endured by com-
peting actors. 

21.2.3 Threat – Defense and Opportunity – 
Offense

Warner goes on to state the very important point that
“if the baseline value [first-order goal] is violated, a se-
curity logic may be invoked” by the actor who is being
violated (Warner 2000: 3). That is, the actor is essen-
tially obliged (by virtue of the reaction to the violation
by the different constituents that form the actor) to
react in some way to the violation, possibly through
physical action. This is the challenge-resistance (Ara-

dau 2001a) or threat-defense (Warner 2000) mecha-
nism identified by the Copenhagen School. 

Neumann, a major Copenhagen School exponent,
elaborates on this idea arguing that the crucial addi-
tion of the “use of force” is a violation of politics,
leaving little use or room for talk (Neumann 1998).
The issue therefore becomes “violized” and a “viola-
tion logic” rather than a “security logic” will be in-
voked for decision-making. Decisions made under a
“violation logic” would not be expected to be particu-
larly rational, except perhaps under the wisest of lead-
ers or the most resilient and tested of structures.

Taking this argument further, one would expect
that if an actor’s position (or goals achieved) are
threatened (or perceived to be threatened, but not
quite violated), a ‘security logic’ may be invoked by
the actor under threat. This actor may react to coun-
ter the threat (or perceived threat) by mobilizing the
support and resources required to act. The issue at
hand becomes ‘securitized’ and the dynamic allowing
this process of mobilization is known as the speech-
act of ‘securitization’. An incomplete but accurate idea
of securitization can be identified by considering that
it “functions as a technique of government which re-
trieves the ordering force of the fear of violent death
by a mythical replay of the variations of the Hobbe-
sian state of nature. It manufactures a sudden rupture
in the routinized, everyday life by fabricating an exis-
tential threat which provokes experiences of the real
possibility of violent death” (Aradau 2001a citing
Huysmans 1992). As stated above, this form of ‘sabre-
rattling’ applies not only to war (and violence) but to
the other four security sectors of politics, economy
(and currency), environment (and health), society
(and identity). The concept has been extensively de-
veloped by the Copenhagen School and will be re-
ferred to again. 

While the term ‘securitization’ may not be known
by most politicians, their understanding of its con-

Figure 21.2: Basic Security Sector Goals. Source: Warner (2003). Reproduced with permission of the copyright holder.
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political legiti-
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self-sufficiency identity integrity

Second-order goal*
(accumulation)

lebensraum
(room to grow)

power, 
influence

wealth, 
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Third-order goal
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from internatio-
nal community
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independence 
of global treaties

spread of cul-
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cepts is exemplified by their experience with its lan-
guage. Indeed, its familiarity is such that some are
sounding warning notes: “do we really want security
to become, as Waever eloquently puts it, ‘a synonym
for everything that is politically good or desira-
ble?’[then] the processes of politicization and securiti-
zation suddenly become rather complicated due to
the fact that the two processes cannot be distin-
guished on the grounds of distinctive features” (Os-
traukaite 2001). 

This blurring between politicization and securitiza-
tion is highlighted by examining another phenome-
non: namely the similarities in the dynamics involved
in defending security or capitalizing on opportunities.
Referring back to figure 21.2, it can be shown that if
there is an opportunity for an actor to achieve a
higher order goal, an ‘opportunity logic’ may be in-
voked by the actor presented with the opportunity.
An example of this is an expansionist state imple-
menting a land grab while the otherwise-restricting in-
ternational community is focused on more dramatic
events elsewhere. If the opportunity is presented
through negotiation or seized through various power
asymmetries (coercion, deception, etc.), the issue
“may be promoted with the same sense of urgency as
a security issue would” (Warner, 2004: 12) and could
be considered ‘opportunitized’ (in Warner’s opinion,
shared by this author – a term unfortunately as inele-
gant as ‘securitized’). Opportunitized can thus be con-
sidered the flip-side of securitized and instead of a
threat-defense mechanism, an opportunity-offense
mechanism would be at work. Correspondingly, an
‘opportunity logic’ would be invoked for decision-
making, most likely coupled with the use of a tired
metaphor. Rather than the defensive security logic of
‘we’re under attack’ or ‘they walk amongst us!’, of-
fense-speak would be heard: ‘let’s strike while the iron
is hot’ and ‘we may never be presented with such cir-
cumstances again, let’s do it now!’

21.3 Integrating ‘Violated’ and 
‘Opportunitized’

The concepts can be applied to a very useful concep-
tual continuum developed by Buzan, Wæver and de
Wilde (1998). The continuum applies universally and
in particular to issues of conflict encountered in the
politics of dynamic societies: 

A non-politicized issue is defined as ‘the state does
not deal with [the issue] and it is not in any other way
made an issue of public debate and decision’ (it is a
non-issue to the actors involved). Politicized means
that ‘the issue is part of public policy, requiring gov-
ernment decision and resource allocation’. Securitized
is used when “the issue is an existential threat requir-
ing emergency measures and justifying actions outside
the normal bounds of political procedure” Buzan et
al. (1998: 23).

Neumann, as mentioned previously, takes note of
the different dynamics and reactions which occur
when a conflictual issue actually goes beyond the
sphere of talk and rhetoric to ‘war’. At the point
where violence is used, politics becomes violated and
the issue itself becomes “violized” (Neumann 1998: 8).
The implications are significant, particularly in the
Jordan River Basin. For example, Palestinian scientists
and managers attempting to manage Palestinian water
resources under Israeli dominance, prior to the 2002
re-occupation of the West Bank, were desperately try-
ing to achieve their first order goal of sovereignty over
the resource, or ‘integrity’. Subsequently faced with a
complete military occupation of their land, the de-
struction of much water infrastructure and inability to
leave their homes due to curfews or roadblocks, their
will for cooperation that existed prior to the act of
war and the corresponding trust built with their Is-
raeli counterparts had been violated.

This builds directly on Clausewitz’s famous phrase
of ‘war being the continuation of politics by other
means’. While the distinction is valid and accepted fol-
lowing its real world testing, some fine-tuning of the
definition is suggested. Is it only ‘the use of force’ that
characterizes violation? Neumann gives the example
of one group denying recognition of its constitutive
stories: the group denied has three choices – to accept
the stories told about it by the other, to abandon their
own stories, or to maintain their stories and even
force their stories upon the other. This last choice in-
volves action. He invokes Ringmar (1996) on reasons
a state may “go to war” in order to gain some partic-
ular recognition – one reason is due to “a series of oc-
casions under which recognition was denied under
humiliating conditions … the group suffered and the
failure of recognition was indeed experienced as a
loss of dignity, worth and ‘face’” (Neumann 1998: 6).
One could imagine the humiliated group acting in var-
ious other manners were it unwise for them to ‘go to
war’ (as is the case for the Palestinian water managers,
whose political representation lacks both the political
support and military might to declare war on Israel

non-politicized  politicized  securitized
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and who are thus consigned to death with their Israeli
counterparts though complaints, pleading or silence).
This touches upon the concept of state identity,
which may be composed of corporate and social com-
ponents that affect a state’s interests in debatable but
very real ways (Aalto 2000). Hourani (1991) pulls to-
gether these concepts of identity, violation and humil-
iation, within the previously-mentioned asymmetric
power relations that shape events in Buzan’s security
complexes to note that the effects are not always ap-
parent to the more powerful actor: “Defeat goes
deeper into the human soul than victory. To be in
someone else’s power is a conscious experience
which induces doubts about the ordering of the uni-
verse, while those who have power can forget it, or
can assume that it is part of the natural order of
things and invent or adopt ideas which justify their
possession of it” (Hourani 1991: 300).

Considering these subtleties, a violation of politics
could be a result of something between ‘the use of
force’ (violent conflict) and ‘talk’ (politics); it is sug-
gested that ‘confrontational action’ be taken as the
defining limit of violization; action rather than just
words. Politics and politicized issues can be violated
by confrontational action. ‘Action’ can here include
war, forced disarmament, political assassinations,
occupation, destruction of infrastructure and other
actions. It does not by definition necessarily include
death, but it does include some form of humiliation,
trauma or other outcome eliciting a reaction from the
receiver of the action. 

Tighter boundaries can thus be given to each of
the components of the continuum, which then ex-
tended becomes:

We see that the definition of violized (‘violated’ pre-
ferred) thus depends partly upon the reactions and
logic of the dominant decision-makers amongst the
actors on the issue. Will their reaction be mute, or vio-
lent? This is close in spirit and concept to the consid-
eration of the rationale and first, second and third
order goals of actors within the security sectors as dis-
cussed above. The corresponding concepts of ‘oppor-
tunitized’ and the ‘opportunity-logic’ also beg to be
included in the continuum. Recalling that in terms of
dynamics and motivations it is the flip-side of the
securitization logic, opportunitized can be coupled
with it on the continuum, which then becomes:

Every conflictual issue of concern, particularly in
terms of any of Buzan’s five security sectors at four
different levels, will be located somewhere along this
continuum. The exact location would be expected to
change in response to changing internal and external
pressures and circumstance, ultimately modifying the
security complex in whose space they are taking
place. Once categorized, the actors involved in the is-
sue could be expected to deploy a corresponding
logic, yielding perhaps corresponding and somewhat
predictable outcomes. Figure 21.3 is an attempt to de-
fine and exemplify the terms of the expanded contin-
uum.

21.4 Water and Security in the Jordan 
River Basin

The Jordan River Basin contains the Palestinian terri-
tory of the West Bank bordering Israel and Jordan
which in turn have Syria and Lebanon as neighboring
riparians. In this highly-charged political and military
environment, stunted economies and a ravaged eco-
logical environment, ideologies flow much more read-
ily than water. While the root of the Palestinian-Israeli
conflict is control over the land, issues surrounding
water-sharing form an integral part of the conflict.
The concepts and analytical frameworks identified in
the preceding discussion can be deployed to analyze
the dynamics involved in this conflict.

The issue of water-sharing between Palestinian and
Israeli actors touches upon all of Buzan’s security sec-
tors directly, perhaps surprisingly less so in the envi-
ronmental sector than the others. From a military per-
spective, water could be (or has been) used as a
weapon (through contamination), while access to the
scarce resource places it squarely in the economic sec-
tor. The relationship of water and the land to both
the harmonious traditional Palestinian use of the land
as well as in the founding elements of Zionist ideol-
ogy sets it firmly in the political (in terms of potential
political gain) and societal sectors (especially in terms
of pride and identity). A level of complexity higher
than most analysts would care for is thus unavoidable.
To complicate the issue further, and depending on
the particular issue under analysis, there are usually at
least two actors from each side involved in each of the
five sectors. 

The power asymmetries that exist within the cur-
rent security complex are extreme. Israel, the regional
hegemon, enjoys superpower political support, pow-
erful armed forces and a broad-based and dynamic

non-politicized  politicized  securitized  violized

non-politicized politicized  securitized/
opportunitized  violated



Violations, Opportunities and Power along the Jordan River 219

economy. The partially formed, occupied state of Pal-
estine enjoys little effective political support, has no
armed military and has an economy that is either
completely contained by, or a client to, Israel’s (Khan
2004). The relative influence of Jordan, Lebanon and
Syria fall somewhere between these extremes. The
driving rationales behind each state’s actions, further-
more, are just as varied. 

The great variety in the way that the actors in-
volved can spin or conceal the nature of water conflict
issues means that the issue can fall at many different
points on the adapted security continuum. A few ex-
amples at this point suffice to confirm the argument. 

21.5 Case Study 1: Damages to the 
West Bank Water Infrastructure 

Repeated Israel Defense Forces (IDF) incursions into
the West Bank in early 2002 culminated in the effec-
tive ongoing military occupation. The worst of the
tank-and-bulldozer activity has thus far damaged an es-
timated US $ 73 million worth of water infrastructure
and US $ 71 million of wastewater infrastructure
(IMG 2004). For example, consider the water depart-
ments of the municipalities of the typical West Bank
cities (Bethlehem, Nablus, Hebron or Jenin). Having
had one or two of its main transmission lines cut by
the IDF military activity, one quarter of its customers

were without any piped water for several weeks
(World Bank 2002; EWOC 2002). The head engineer
of the water department or the mayor of the city
would consider the issue beyond securitized - that is
to say ‘violated’. They would find themselves at odds
with the Palestinian Authority and the Palestinian Wa-
ter Authority on how to deal with the situation. These
latter actors may not want to jeopardize the actual co-
operation they undertake with their Israeli counter-
parts, and preserve the subordinate as it may be rela-
tionship that they have. The Palestinian Authority
would thus attempt to keep the issue simply politi-
cized or, preferably, non-politicized, unless there were
some political gain to be gathered from it, perhaps in
the arena of negotiations (in which case the issue
would become quickly securitized). In contrast, the
IDF, having accomplished its mission, would find the
issue non-politicized, a position that the Government
of Israel (GOI) may also seek, in order to avoid creat-
ing domestic dissent. Figure 21.4 attempts to repre-
sent a summary of the case.

 The competing interests and power assymetries
that exist within the security complex result in a situ-
ation whereby the destruction that occurred can be of
no importance (a ‘non-issue’) to one actor (the IDF)
but of the utmost importance to another (in terms of
pride or financial loss, for example to the municipal-
ity). 

Figure 21.3: Definitions of the Adapted Security Studies Framework of ‘Politicization’ and ‘Securitization’. 

Security Continuum  Definition  Example

Non-politicized
↑

↓
Politicized
↑
  
↓
Securitized
 
/
 
Opportunitized
↑
  
↓
Violated

“The state does not deal with [the issue] and it 
is not in any other way made an issue of public 
debate and decision” (Buzan et al., 1998: 23). 
A “non-issue”.

Illegal immigrants finding a ‘silent’ labor mar-
ket (SE Asian clam-pickers in the UK 2004 
(prior to the tragic drowning of 15 workers).

“The issue is part of public policy, requiring 
government decision and resource allocation 
(Buzan et al., 1998: 23) 

Organized crime, traffic congestion, interna-
tional relations with friendly neighbors

“The issue is an existential threat requiring 
emergency measures and justifying actions 
outside the normal bounds of political proce-
dure” (Buzan et al., 1998: 23)

Carbon dioxide emissions, imperalism, ‘terrro-
rism’, weapons of mass destruction, expansio-
nism.

The issue offers such an opportunity to 
improve a situation that it justifies risks and 
actions outside the normal bounds of political 
procedure (Warner 2000: 12)

Off-shore oil deposits leading to a unilateral 
expansion of a state’s perimeter; foreign policy 
alignment with U.S. to reap political rewards 
(Spain, UK for war on Iraq).

The issue has escalated in intensity to the point 
that ‘confrontational action’ is employed and 
the normal conventions of politics are violated 
(adapted from Neumann 1998: 3)

Land-grabs while international attention is 
diverted (Israel’s Separation Barrier); opposi-
tion leaders being arrested under government-
declared state of emergency (Aung San Suu 
Kyi). 
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Notwithstanding the absence of other actors involved
in the case study (Israeli water-professionals, Palestin-
ian NGOs, Israeli academics), the analysis provided
by figure 21.4 reveals at least two other interesting
dynamics. Firstly, a difference in stances is revealed
between different actors from the same ‘side’. The
Palestinian municipality may feel as much violated by
the silence of the PA as from the actions of the IDF,
perhaps even more so as an element of trust is also
violated. Future relations between the two Palestinian
actors could be expected to be volatile, irrational and
compromising to any future negotiations between
them. Similarly, the IDF has much less concern about
the effects of its actions than does the GOI, which is
directly dealing with other players within the regional
security complex, as well as at the international level.
The GOI is therefore forced to regulate IDF behavior
and be directly involved with the establishment of the
‘rules of engagement’, itself a potential source of sub-
conflict.

 Secondly, figure 21.4 reveals significant difference
in the level of the ‘security sector goal’ achieved or as-
pired to by the different actors. Both of the Palestin-
ian actors have not achieved their first order goals (<1)
while the Israeli actors have achieved the highest or-
der goal (3) in each relevant sector. The GOI in partic-
ular, as a regional hegemon, has every interest to en-
sure that the IDF’s actions, which are taking place
within the security complex contribute only to the
maintenance or improvement of the status quo of the
complex, and to avoid any internal transformation of
it. This follows Buzan, Wæver and de Wilde’s descrip-

tion of the dynamics that exist within security com-
plexes, as previously discussed. The resultant atti-
tudes, decision-making logics and reactions on the
Palestinian side (desperation, irrationality, resent-
ment, submission) and on the Israeli side (dismissal of
the issue, denial) are entirely predictable. It is a classic
case of strongly-established hegemony, but that is an-
other story. 

21.6 Case Study 2: The Wazzani River 
Dispute

The short-lived but very vocal near-war between Israel
and Lebanon in autumn 2002 over a water develop-
ment project on the Wazzani tributary of the Hasbani
River is another case in point. Having recently gained
access to the land which had been occupied for over
20 years by the Government of Israel (GOI), the Gov-
ernement of Lebanon (GOL) and international do-
nors invested in a small scale drinking water delivery
project on the Wazzani River. The Wazzani empties
within Lebanon into the Hasbani River which crosses
the border into Israel to form one of the main sources
of the Jordan River. .

 Prior to the resolution of the dispute, Israeli and
Lebanese politicians and their media quickly had their
constituents and clients in a state of confrontational
fervor (IMFA 2002; Ha’artez 2002; New York Times
2002), with the Israeli people feeling their source of
life was threatened and the Lebanese people fearing
for their actual lives from the ‘unavoidable’ Israeli air
strikes. In practice the volume of water in question

Figure 21.4: Security Study Theory Applied to Case Study 1.

Issue: ‘Destruction of municipal water infrastructure by Israeli military activity’

Palestinian Goals Israeli Goals

Actors 

Security Sector
Palestinian Municipality PWA/PA IDF GOI

Military survival (<1) n/a victory (3) dominance (3)

Environmental sustainable resource (<1) sustainable resource (<1) n/a n/a

Political sovereignty (<1) sovereignty (<1) n/a hegemony (3)

Economical cost recovery (<1) n/a n/a n/a

Socio-cultural pride (<1) pride (<1) n/a n/a

Postition on 
Security Continuum

violated non-politicized non-politicized securitized

Security Sector Goals achieved: less than first (<1), first order (1), second order (2), third order (3).
PWA = Palestinian Water Authority; PA = Palestinian Authority; IDF = Israel Defense Forces; GOI = Government of
Israel.
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(3.5–8.5 million cubic meters per year) posed no
threat to Israel nor presented a great opportunity to
Lebanon, and had much more to do with the highly
charged political atmosphere where any actors’ unilat-
eral actions are scrutinized by the neighbors (Luft
2002). Upon the peaceful arbitration (but not resolu-
tion) of the dispute through U.S., UN and EU inter-
vention, the politicians and the media in Lebanon
spoke of victory. Their counterparts in Israel kept si-
lent so that the Israeli public remains largely unaware
of the dispute’s resolution. Figure 21.5 presents a sum-
mary of the issue.

Figure 21.5 reveals three interesting dynamics.
Firstly, that the competing actors have the same goals
in certain security sectors. For example, both actors
covet the river partly in order to develop their eco-
nomic situation, and both feel the denial of the right
to exploit the resource in the socio-cultural terms of
pride and identity. Where common goals exist, solu-
tions to conflict can usually be found. Were this
commonality somehow to spread to the other security
domains and the resultant aggregate approach to se-
curity even partly the same to warring governments,
political resolution of the conflict would be theoreti-
cally achievable. This would be a case exemplifying
how a conflict over water resources positively affects
the broader political conflict. The fact that it has not
occurred says a great deal about the limited influence
that the issue of water typically has compared to
‘higher-politics’ issues such as sovereignty, the status
of Jerusalem and the return of the 1948 refugees (Jag-
erskög 2003; Lowi 1993). 

Secondly, the figure reveals the asymmetric influ-
ence over public opinion between politicians and the
mass media on one hand and that of political scien-
tists or water professionals on the other. Israeli ana-

lysts’ accurate and sober analyses of the GOI’s use of
the water issue to conceal other concerns (water man-
agement inefficiencies or else principles of unilateral
action (Newman 2002; Zisser 2002)), for example,
had much less effect on public opinion than the more
sensational and more prevalent radio, television and
newspaper attention paid to the subject. 

Thirdly, figure 21.5 reveals how the location of the
issue can vary on the ‘security continuum’. The Waz-
zani water development issue on the Israeli side
spanned the security continuum from politicized 
securitized  non-politicized. On the Lebanese side it
spanned from non-politicized politicized  securi-
tized politicized. The respective footprints of the Gov-
ernment of Lebanon and the Government of Israel
are presented graphically in figure 21.6. 

Notwithstanding the absence of lesser actors in-
volved in the case study (Israeli and Lebanese water
professionals, academics, NGOs, etc.), the impor-
tance of figure 21.6 is that it shows that an issue can
vary with time and circumstance. It is no coincidence
that the level of public concern on both sides directly
reflected the intensification of the issue as seen by the
respective governments; indeed, that was their goal.
The intensification was required in order for their
people to allow their governments the mobilization
required to act outside of the normal uneasy relation-
ship between the countries, or else to conceal other
issues. According to security studies theory, both go-
vernments have an interest to present “an argument
with a particular rhetorical and semiotic structure [to]
achieve sufficient effect to make an audience tolerate
violations of rules that would otherwise have to be
obeyed” (Buzan/Wæver/de Wilde 1998: 25). The the-
ory of the dynamic applied to the sharing of transna-
tional resources is best put by Benvenisti: “Often gov-

Figure 21.5: Security Study Theory Applied to Case Study 2.

 ‘Water-Development Project on the Wazzani River’

Actors 

Security Sector
Government of Lebanon Goals Government of Israel Goals

Military physical integrity (1) dominance (3)

Environmental n/a sustainability (<2)

Political sovereignty (1) hegemony (3)

Economical development (1) development (2)

Socio-cultural pride (1) pride, identity (2)

Postition on 
Security Continuum

from
Non-politicized  Securitized

from
Politicized  Non-politicized

Security Sector Goals achieved: less than first (<1), first order (1), second order (2), third order (3).



222 Mark Zeitoun 

ernments find it opportune to respond to their
domestic public’s demand for a larger share, not by al-
locating less to the powerful small groups [within
their own societies] but by presenting a tougher
stance on the international scene, thereby mobilizing
public opinion against the neighboring states” (Ben-
venisti 2002: 51). 

An unfortunate but noteworthy aside to this case
is the fate of the project following the Israeli-Hizbol-
lah war in summer 2006. As with the previous case of
extensive destruction of Palestinian water infrastruc-
ture, the Wazzani project – like water infrastructure
throughout southern Lebanon - was heavily targetted
by IDF forces. The partial destruction of the project
includes damages to the hydraulic rams, booster sta-
tion, reservoirs and associated treatment plant. The
guiding rationale and intent of the Israeli side can
only be guessed at at this stage, but merits further
investigation.

21.7 Conclusion

While thorough analysis of water conflict issues in the
Jordan River basin necessitates a full range of interdis-
ciplinary theory, this chapter has shown that security
studies theory can provide useful insights. Using Bu-
zan’s security diagram as a foundation, Neumann’s
concept of violization and Warner’s concept of oppor-
tunitization have been integrated. The expanded ‘se-
curity continuum’ has been linked with the concept of
‘security sector goals’, and tested on two conflictual
water issues in the Jordan River Basin. The applica-
tion has revealed the complexity of the issues, high-
lighting the very real split on positions between play-
ers normally considered aligned on one side of a
conflict; the limited potential of common goals
shared by competing actors; the variability of a posi-
tion of an issue along the ‘security continuum’ as a

function of time and circumstance and, perhaps most
notably, the effect of power asymmetries between
competing actors. 

This piece of analysis, however, falls short of re-
vealing the whole story. The limits of these analytical
tools are evident in that they do little to explain the
rationale of different actors or the prediction of their
behavior. Nor do they consider the methods available
to or used by different actors to achieve their goals.
Security studies theory does quite naturally lead, how-
ever, to other theoretical frameworks that can make
analysis complete, and these should be pursued. One
thinks immediately of the lead-in to cultural theory,
international relations and actor-network theory for
further insights into the dynamics of the players in-
volved. Risk theory is a more scientific approach to
the concept of security study goals; political ecology
can bring the abstract security world back to the nat-
ural one. Mass communications theories will shed
light on the most efficient use of ‘speech-acts’, while
within security studies itself, there is a lot to be gained
by the application of the concepts of de-violization
and de-opportunitization. These topics remain to be
explored with vigor while the conflicts on the ground
continue.
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Abstract

This chapter examines U.S.-sponsored water dispute prevention and resolution programs
on water issues between Palestinians and Israelis. The intent of these efforts has been to
facilitate the development of water infrastructure, including water and wastewater systems
in the Palestinian Authority and Israel. The report is based on reviews of project state-
ments and ex-post interviews with program participants. The chapter describes some of
the goals of program organizers and discusses whether those goals were and continue to
be met. The chapter focuses on programs’ effect on conflict prevention and resolution as
well as the results on the water and wastewater industry. Program participants were inter-
viewed to establish their goals for each program in which they were involved, both prior
to its commencement and how or why these goals may have adjusted as a result of their
experience. These results are used to form recommendations for trilateral efforts between
the U.S., the Palestinian Authority and Israel. 

Keywords: Conflict resolution, technical programs, Texas, water cooperation

22.1 Introduction

Of all of the issues between Palestinians and Israelis,
access to fresh water for drinking and agriculture is
one of the most visible to the people involved. Water
is one element necessary to survive, and concerns are
often voiced about ‘water security’ or the fair alloca-

tion of scarce water resources in that arid region.
However, water is also one issue in negotiations that
has the potential for a solution amenable to all in-
volved. It also provides opportunities for citizens on
both sides of the conflict to work together to make
their fellow citizen’s lives noticeably better through

1 This research was supported by grants from the U.S. Department of State and the U.S. Department of Education to the
University of Texas at Austin. Additional support was provided by the RGK Center for Philanthropy and Community
Service and the Bess Harris Jones Centennial Professorship in National Resource Policy Studies. The authors acknowl-
edge the advice of Professors David Eaton, Marwan Haddad, and Eran Feitelson in the development of the research
methodology. The authors appreciate the willingness of program participants and government officials to discuss their
experiences. This chapter is primarily based on a series of confidential interviews with U.S. officials and water experts
in Israel, Jordan and Palestine. The names of the interview partners has only been given with the permission of the per-
sons concerned. However, they are not listed in the bibliography at the end of this chapter.
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technical activities. The former Water Minister of Jor-
dan pointed out that, 

…water is needed to keep the talks alive and to have
them bear fruit. Alternatively, water is capable of inflict-
ing damage and destruction when floods are not con-
trolled. In other words, by its very nature and occur-
rence water can promote fruitful cooperation, or may
trigger and accelerate destructive conflicts (Munther
1992). 

A senior official at the U.S. Department of State also
stressed that water cooperation projects should be
supported since this is one of the few areas where Pal-
estinians and Israelis can still work together. He
stated that water cooperation discussions could also
bridge into other negotiations in other industries.

Politicians and policy experts are often perceived
as the sole parties involved in solving political dis-
putes. However, scientists, by the nature of their occu-
pation, can advance international conflict resolution.
Because science is an international field – scientists
need the support and critique of scientists from the
international scientific community in order to gain
credibility in their fields – it is natural for scientists to
play a role in resolving international disputes. Alexan-
der Keynan points out that, “the permanent intellec-
tual communication framework used by scientists for
mutual cooperation within science can also be useful
for contact and cooperation between scientists on
other matters across lines of conflict” (de Cerreno/
Keynan 1998). In addition, scientists share a culture
which can be utilized in promoting understanding be-
tween citizens of conflicting nations. They share a
common language and a belief in a universal and ob-
jective reality of physical, geological, chemical or bio-
logical systems. 

Water is a very visible issue to those who use it
every day. In Gaza, for example, where the water table
has sunk and the water is increasingly saline, many
people have preventable illnesses that are related to
poor water quality (interview with a Palestinian geog-
rapher in 2004). These health issues, which are tied to
the political conflict, can be approached in a multi-
tude of ways. For example, at The University of Texas
at Austin a number of programs have sought to bring
people together by addressing water as an issue of im-
portance to all involved parties, no matter what side
of the border they live on. People who have worked
with so-called back-channel programs often believe
that by bringing people together in any capacity,
building blocks for peaceful, stable societies can be
created, using micro-diplomacy to promote peace. 

This chapter takes past academic, technical and
political programs into account, focusing on aca-
demic and technical programs, especially at The Uni-
versity of Texas at Austin. The design, implementa-
tion and evaluation of such programs involve sensitive
structural issues. This study focuses on vetting some
of the past initiatives based on over fifty interviews. It
is possible to identify successful aspects of programs
that will be useful for future water infrastructure and
conflict resolution modules. 

22.2 Method Based on Interviews

Research is extremely sparse on the efficacy of using
technical programs for conflict resolution. With the
exception of a few publications, the subject is rarely
addressed in academic publications. Therefore, much
of this research is based on conversations with people
who have organized and participated in technical pro-
grams in the past. This study is weighted toward an
analysis of technical programs that have been held at
The University of Texas at Austin, since we did have
access to participants in these programs. Interviews
were also conducted with program organizers at the
U.S. Department of State, the U.S. Bureau of Recla-
mation, the Environmental Protection Agency, and
various non-governmental agencies in Washington,
DC and in the Middle East. Names of people who
were interviewed have not been included without
their explicit permission. The few academic works
that do exist were used.

22.3 Results and Discussion

22.3.1 Types of Cooperation Programs

There are several types of joint Palestinian-Israeli
water programs – political, academic, and technical –
that address conflict resolution in the Middle East.
Each type has its own characteristics and sets of
expectations. 

The most visible and the least frequent kinds of
programs are political. Ministers or other political fig-
ures attend these political programs. Activities focus
on finding a political solution to water problems be-
tween Israelis and Palestinians. Participants usually
deal directly with the issues that need to be resolved.
Participants might partake in a role-playing exercise in
which they are asked to play the role of the opposing
side when discussing a contentious issue and then dis-
cuss the current situation, trying to arrive at a mutu-
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ally agreeable solution. Exercises like this are meant to
open participants’ minds to the point of view of the
other side. These programs usually attempt to move
negotiations forward through direct changes to Israeli
and Palestinian governmental policies. Political pro-
grams have both strong support and opposition. 

Political programs have the advantage of dealing
with the water situation in the manner it must eventu-
ally be addressed – through political discussion. Polit-
ical programs have the advantage of providing an ex-
ample of how negotiations could be conducted by the
official negotiators. However, negotiators attending
privately funded programs are generally unable to per-
form official negotiations because governments prefer
that negotiations be conducted in more formal set-
tings. 

The risk of dissonance between what could occur
and what can be accomplished can lead to disappoint-
ment, because participants might wish to negotiate
concrete policy solutions. For example, Yoav Kislev, a
professor at the Hebrew University, felt that one
Texas program in which he was involved did not ad-
vance the solution to the problem because the pro-
gram failed to come to an agreement on concrete pol-
icies for either side. One intangible benefit of political
programs, regardless of the policy outcome, is that
they may allow participants to develop relationships
among people from all sides of the conflict. Although
this may seem like a small thing, it is of vital impor-
tance when the parties sit down to negotiations. If ne-
gotiators already know one another and recognize
their partners’ desire to see an end to the conflict, it
may be easier for negotiators on both sides to come
to agreements that are beneficial for all parties con-
cerned either at the time or in future negotiations.
Prior to the Oslo accords, an informal Palestinian-Is-
raeli academic community was established which facil-
itated later negotiations (Shoham 1998: 211). Efforts in
micro-level diplomacy, such as having non-politicians
partake in conflict resolution exercises, can help in es-
tablishing mutual respect.

Academic programs are attended by academics or
researchers. In general, the aim of these programs is
to produce joint research done by both Palestinians
and Israelis. Papers produced by such programs are
meant to be used by negotiators in discussions about
the water situation. With research done by both Pales-
tinians and Israelis, the hope is that negotiators will
have a firm starting point from which to broker a
deal, rather than having to argue about scientific as-
pects of the situation. Academic programs are some-
what easier to organize because persons involved in

teaching and research tend to pride themselves on not
being involved in politics. For example, some of the
academics involved in one University of Texas pro-
gram stated that politics does not affect them and
that what they study is too important to be tied up
with the conflict between Israel and the Palestinian
Authority.2 

In general, academics who are involved in these
types of programs are open to discuss a variety of so-
lutions to the water situation, because they openly rec-
ognize the technical restrictions placed on both par-
ties by the struggle over water rights, wastewater
treatment, and pollution. Many academic programs
produce a concrete product, usually an evaluation of
the water situation on recommendations for manag-
ing water resources. Such a research product may be
useful to political actors when attempting to negotiate
water issues. By providing an analysis agreed upon by
professionals from opposing sides, academic papers
may assist negotiators in arriving at a feasible solution.
Forming relationships between researchers on all
sides of the conflict, academic programs may also
lead to future cooperation between universities or
other institutions. For example, one Israeli professor
has organized events in which his Palestinian counter-
parts come to his university for symposia. On the
other hand, academics rarely wield any political
power or direct influence in their countries. In Israel,
for instance, as in many other countries, there is a
clear divide between academia and government. In
the Palestinian Authority academics can sometimes
participate in an advisory or official role in govern-
ment. 

The third type of program can be referred to as a
technical program. These programs are attended by
professionals who work in the field of water and
wastewater. Participants can include engineers, plant
managers, program managers, or anyone else who
works directly in water and wastewater provision.
Technical programs may be billed as training pro-
grams, the aim of which is to enhance the technical
capabilities of water professionals. The technical pro-
grams can include elements that address cooperation
between or among multiple parties. An additional aim
of these programs is, of course, to build relationships
between people who must cooperate on a day-to-day
basis or to allow parties to work together who are sep-
arated by political boundaries. Outcomes of these

2 Levy, N. (2004) Interview, Israeli Ministry of the Envi-
ronment and Yaqubi, A. (2004). Interview, Palestinian
Water Authority. 
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programs are usually less tangible, since they are ca-
pacity-building programs. As with any program, the
ultimate goal is cooperation between Israelis and Pal-
estinians. However, even if this goal is not achieved,
technical training programs contribute to the capabil-
ities of water professionals in both countries. Techni-
cal programs, particularly those involving younger par-
ticipants, are unlikely to yield concrete results in the
immediate future. Instead, they are an investment in
the future of both countries and in the future of the
peace process. As a water specialist at the U.S. State
Department (2004) commented, “you can’t teach
ministers”, meaning that once people are high up in
government, their attitudes and biases may be set. By
working with people who do not yet have political
power, future political players may become more
open to cooperation and reconciliation with the polit-
ical opposition. Technical programs also have the ad-
vantage of being non-political, allowing participants
to assume an objective, somewhat removed position
from the political situation and focus on water provi-
sion rather than on the politics of water provision. 

22.3.2 Middle East Regional Cooperation 
(MERC)

Robert B. Abel (1997) constructed an analysis of the
Middle East Regional Cooperation (MERC) Marine
Program, a program designed to “solve the water pro-
gram by an altogether different means”. Abel and
other creators of the MERC program found that few
politicians dealt with water issues in the Middle East
before the mid-1990s and understood the importance
of working toward a solution regarding this precious
natural resource. 

The MERC program was different from other
technological programs that broached conflict resolu-
tion issues, in that it was directly instituted and
funded by the U.S. Congress, as opposed to non-gov-
ernmental or international service organizations. The
MERC program also differed from previous programs
because of its innovative methods of integrating tech-
nological cooperation project initiatives and conflict
resolution topics in the water sector. Due to the lack
of precedence, Abel (1997) and his associates were
able to construct a program individualized to their
goals and make adjustments as needed. One of their
goals was to involve both professionals willing to par-
ticipate in conflict resolution exercises and younger
scientists and academics in the project, so as to invest
in the future of water cooperation in the Middle East.
This approach has also been adopted by The Univer-

sity of Texas at Austin in its planning for a technical
program in January 2005. 

The United States contingent’s role in the MERC
program was instrumental in its construction and ini-
tial implementation. However, the program was de-
signed to have the U.S.’s role diminish over time, so as
to allow the local professionals a certain level of au-
tonomy and build independence into the program. In
congruence with the commitment to have the U.S.
disengage as the program flourished, the creators
were hesitant to allow other states to become in-
volved, even though there was a high degree of inter-
est from other governments in the region to be in-
volved (Abel 1997). 

After the initial success of the MERC program,
the designers of the program offered several future
aims to take into consideration. They argued that out-
side groups that were not participants in the original
program should be involved, so as to spread the idea
of integrating innovative industry findings with politi-
cal cooperation in a volatile region. This cooperation
can only be maintained by scientists working with
counterparts on the other side, visiting their peers
across borders and creating bilateral plans to stabilize
the water sector in the Middle East. If these industry
findings could be translated into economic and cul-
tural gains to be offered to government officials, the
program’s effectiveness could rise (Abel 1997).

22.3.3 Participant Profiles

One critique of bilateral cooperation programs is that
such programs tend to invite people already receptive
to cooperating with the other side on water issues.
Inviting those open to dialogue may facilitate a pleas-
ant and productive program. However, some partici-
pants argue that the people who are already open to
cooperation are not those who need to be involved.
In order to change people’s attitudes toward coopera-
tion, they argue, it is necessary to involve people who
are not already open to such experiences. 

One past participant, Nitsan Levy, lives in one of
Israel’s West Bank settlements and deals with environ-
mental issues in the West Bank. He has advanced the
argument that settlers should always be a part of bilat-
eral programs because they are the Israelis who deal
with Palestinians on a day-to-day basis. Palestinians,
however, generally feel that their interpretation of in-
ternational law dictates settlers would not be allowed
to live in the West Bank. In other words, Palestinians
may see no reason for talking or cooperating with
people who are attempting to appropriate Palestinian
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land. One Palestinian academic felt that the presence
of settlers in a bilateral program will cause so much
tension that nothing could be accomplished. Cur-
rently, most program designers tend to avoid inviting
settlers to attend U.S.-sponsored programs due to the
political implications of their presence. 

A Palestinian water professional, who has been in-
volved in many bilateral programs, including the 2002
program at The University of Texas at Austin, points
out that participants must be mature enough to adapt
to new situations and to communicate with others in
the program even though they are new acquaintances.
He also points out that programs should involve
women as much as possible, because they do not get
many opportunities in the Palestinian water sector.
The inclusion of women would reflect U.S. commit-
ment to gender equality, and may be justified because
women are relatively rare in the water sector, and
therefore may be overlooked by the Palestinian bu-
reaucracy. 

In the interest of long-term results, it is useful to
involve younger, less experienced water sector partici-
pants. Ahmad Yaqubi (2004) commented that less-
qualified Palestinians should be involved in bilateral
programs because they do not understand anything
about Israelis and are still afraid of them. When they
start to realize that Israelis are human, they are better
able to work with them. Yoav Kislev (2004) and
Shimshon Belkin (2004) also agree that it is vital to
provide opportunities for younger professionals to co-
operate with the other side.

22.3.4 Location 

Holding programs outside of the region is ideal in the
current political climate since it has proven difficult to
gather groups of Palestinians and Israelis in either na-
tion due to travel restrictions, as well as geographic
proximity to the current political crisis. Having pro-
grams in a neutral location, such as a foreign research
institution like The University of Texas at Austin, al-
lows participants to distance themselves somewhat
from the realities of the political situation at home. It
also limits advice from friends, family and coworkers,
who may not support cooperation between Palestini-
ans and Israelis. Being in an unfamiliar place allows
participants to bond over the exploration of Austin
and the differences between Texas and their homes.
Texas is also an ideal location for water issues in the
Middle East, because the two areas have a similar cli-
mate and therefore similar water issues. Finally, the
university’s proximity to the U.S. border with Mexico

allows participants to witness the trans-boundary wa-
ter issues between those two countries. Many academ-
ics who participated in University of Texas programs
found the comparison to be apt, including one partic-
ipant who is writing his doctoral thesis on the U.S./
Mexico water conflict and its applications in the Is-
raeli/Palestinian situation.

22.4 Conclusions and 
Recommendations

Although the participants in cooperation initiatives
generally dub the programs successful and positive ex-
periences, their lives after the programs do not usually
change drastically. Part of the reason for this conclu-
sion is that when programs are evaluated, the time be-
tween the program and the evaluation is usually quite
short. Participants return to the same homes and jobs
as before their program, and it is difficult for them to
implement immediate changes in their professional
lives. It is one goal of programs, such as those organ-
ized by The University of Texas at Austin, that partic-
ipants can use the connections they have made and to
foster professional relationships over political lines in
their current and future service. 

Some participants do use what they have observed
in their programs. For example, one Palestinian pro-
fessor mentioned that he regularly uses the example
of the U.S./Mexico water conflict in teaching his
classes at Al-Azhar University in Gaza to discuss bi-na-
tional cooperation in the water sector in a politically-
separated region. He is also in regular contact with a
professor at Ben Gurion University in Israel; they have
collaborated on project proposals since the Texas pro-
gram at which they met. In fact, this Israeli professor
has held four workshops and symposia to which his
Palestinian colleagues were invited. All of the Palestin-
ians he invited were eager and able to attend his
events. Professors from An-Najah University in Nablus
and The Hebrew University of Jerusalem have also
maintained contact and regularly submit proposals for
joint research projects. Cooperation and friendship
between these two men illustrates one tangible out-
come of academic programs.

Many of the participants have suggested that any
opportunity to get to know individuals from the other
side will plant the seeds for eventual cooperation,
even if there may be few concrete changes in their
professional lives. By understanding that the other
side “doesn’t have horns”3, participants will be more
willing to consider cooperation with members of the
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other nation, even if they are not acquainted with the
individual. This issue was identified and addressed
within the MERC program by encouraging industry
professionals, academics and scientists to remain in
contact with their counterparts across borders and
visit their peers’ place of work, which would add to
the professional relationship and prove to other peers
in the region the benefits of cooperation (Abel 1997).

Based on this discussion, there are several ideas
that should improve third-party water sector programs
related to Palestinians and Israelis. These ideas relate
to the program location, participant selection, dura-
tion, activities and follow up.

Location. In order to take advantage of the willing-
ness of scientists and academics to talk, it seems best
to locate cooperative programs in a country other
than Israel and the West Bank and Gaza. Although it
would be ideal to address water problems in the area
where they occur, having a program on location may
add to tension and prevent participants from forming
fruitful relationships. Texas has been a useful venue
because of the correlation between the United States/
Mexico water issues and the situation between Israel
and the West Bank and Gaza, in addition to similar is-
sues Texas and Israel/Palestine face in an arid climate.
Cyprus or Turkey have been convenient locations.
Egypt and Jordan have similar arid climates.

Participants. Programs involving senior academics
and scientists have proven successful in the past.
Many past participants and contacts in U.S. govern-
ment agencies have suggested that now may be the
time to invest in a future generation. Therefore, future
programs should focus on graduate students or young
professionals who are likely to be future leaders in the
water sector, in conjunction with professionals who
have more experience to act as mentors and/or facili-
tators. In addition, the United States should consider
expanding program participants to include Israeli set-
tlers and other participants whose presence may have
political implications, but who might have their views
of the water situation altered dramatically through
contact with the other side. Although this will be a
sensitive suggestion to implement, programs not lim-
ited to people already willing to cooperate may bene-
fit the region.

Duration of Program. Programs that allow repeated
contact may increase the likelihood of personal

change, as opposed to the current practice of one-
time attempts at intensive relationship building and
conflict resolution. Ideally, once a group of academ-
ics, scientists or technicians is selected, they should be
able to meet at least twice for at least a week at a time.
This would allow them to build long-term relation-
ships and maintain cooperation over a longer period
of time; participants should be encouraged to bridge
gaps over borders by visiting peers in their place of
work. Such visits could prove the effectiveness of co-
operation created by the programs and spread the ef-
forts of bi-national collaboration to other profession-
als in the visited organization. If budget limits
preclude such repeated interaction, short informal ef-
forts by participants may be useful. 

Programs organized for fresh teams of participants
should be as long in duration as possible to allow the
ice to break and an atmosphere of cooperation and
friendship to develop. A longer program will also al-
low more time for social and educational activities in
which participants may form sincere relationships.
The longest possible duration is probably one month,
since participants have professional and personal obli-
gations at home. An official at the U.S. State Depart-
ment, believes that the most important way to resolve
environmental conflicts is to create communities of
people who are willing to interact, such as those who
work in the same field. Longer and repeated pro-
grams may help accomplish this goal.

Activities. Friendships are rarely formed in a heavily
supervised formal setting. Therefore, it is important
to have both organized social activities and free time
for participants to get to know one another independ-
ently. Meals taken together can provide a forum for
independent and personal conversations. Planned ac-
tivities, such as concerts, field trips, and museums,
will give participants a starting point for conversa-
tions. Free time is important, so people can choose to
communicate instead of being forced to converse.
However, free time will be more fruitful later in the
program, after the ice has been broken and people
are more familiar with one another. 

Follow-Up. Since one of the goals of multilateral pro-
grams is to help participants form lasting professional
and personal relationships, it is fitting that program
organizers devote some time after the program to
maintain contact among participants. Contact can oc-
cur through a monthly newsletter for all the partici-
pants about new developments in water technology,
conferences that might be of interest, and personal
milestones for former participants – much like an

3 Kislev, Y. (2004). Interview, Department of Agricultural
Economics and Management Faculty of Agriculture
Hebrew University.
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alumni newsletter from a college. It may also be useful
to establish an internet group, where participants can
chat and post messages about their lives and their
work. The external organization’s involvement should
be somewhat limited and diminish over time, contin-
gent upon the success of bi-national cooperation be-
tween Palestinians and Israelis. Joint research and
projects should also be encouraged to foster contin-
ued discussion. One advantage of tangible results
would be that the sponsors would be pleased by con-
crete outcomes.

Any program that builds bridges between members of
conflicting nations can be valuable, although that
value might not be immediately apparent. Even organ-
izations that are not involved in bilateral activities,
such as USAID, regard bridge-building programs as
useful and necessary for cooperation on vital activi-
ties, such as the provision of water and wastewater. In
this era of constant low-level conflict between Pales-
tinians and Israelis, water sector discussions have con-
tinued to represent a means to advance cooperation
between Israelis and Palestinians on water issues and
the political arena.
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Abstract

Human activities and development pressures increasingly threaten open spaces (or ‘the
countryside’), natural ecosystems and other natural resources in Israel. Among them, water
sources are continuously degrading. Water is mainly managed for human use, and conse-
quently, the ability of natural ecosystems to maintain themselves and to provide humans
with ecosystem services decreases. 

Despite the present status of the Israeli-Palestinian peace process, planners should address
long-term water-related issues and consider the possible situation at the ‘end of conflict’
era. The authors examined aspects regarding water resources in the peace agreements, in
proposed regional cooperation development projects, and as reflected by social and eco-
nomic trends and scenarios. Their findings indicate that in peaceful times the pressures on
the natural environment and water resources are likely to increase. Proposed development
and improper management by all sides involved may lead to further degradation of water
resources (particularly critical to the mountain aquifer), and to a situation of ‘prolonged
thirst’ of terrestrial ecosystems. A first attempt to address nature’s right for water through
legislation was recently made in Israel, along with discussions on desalination and on
increased usage of treated effluents in agriculture. Nevertheless, these changes in water
management may be inadequate to guarantee ecosystems with sufficient and sustainable
water supply.

Keywords: biodiversity, ecosystem services, peace agreement, regional cooperation devel-
opment project, water allocation for nature

23.1 Introduction

23.1.1 General Background

The state of Israel has been going through major eco-
nomic, social and environmental changes ever since
its establishment. Israel has largely adopted western
standards – regarding science and technology as well
as standards of living and consumption, and stand-
ards for one’s personal aims in life. These standards
have been imported along with their associated pro-
cesses and problems, posing a burden on the natural
environment and thereby increasing the local environ-
mental crisis. The environmental pressures are accel-

erated by the fast rate of population growth (includ-
ing immigration) and a very high population density.

Israel has been blessed with a rich and unique va-
riety of habitats and ecosystems. Apart from the in-
trinsic value of its rich biodiversity, it also supplies hu-
mans with invaluable ecosystem services, which
include water accumulation, absorption, and filtration
(see discussion and examples in Achiron-Frumkin/
Frumkin 2002). Today in Israel, human activities and
growing development pressures increasingly threaten
‘open spaces’ (or ‘the countryside’). The result of this
state-of-affairs is that many of Israel’s agricultural and
natural ecosystems, many habitats with their associ-
ated biodiversity, are threatened (Shalmon 1999;
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Frumkin 2003a; Frumkin/Shmida/Sapir/Fragman-Sapir/
Levin 2004). 

Among its other natural resources, Israel’s water
sources are continuously degrading for two reasons.
The first is quantitative – the increase in water con-
sumption leads to over-pumping, resulting in a low-
ered water table of above- and below-surface water
sources. The second is qualitative – water quality is
worsening due to salination (which is partly caused by
over-pumping) and due to constant input of various
contaminants. The loss of open space that functions
as aquifer filtration area aggravates the situation. In
particular, accelerated building on the coastal plain
aquifer’s filtration areas decreases the available filtra-
tion surface area and increases the leakage of contam-
inants into it (Han 2002; Israel Hydrological Service
2000; Katz/Burmil/Carmon/Shamir 2001; Achiron-
Frumkin/Frumkin/Rudich/Maloul/Levin/Papai 2003).

Desalination is frequently suggested as the only vi-
able remedy to the entire region’s water problems, but
apparently, this is not the case. Desalination is
planned to be an additional supply, a partial substitute
to natural sources and cannot wholly substitute for
them. It would not solve problems of desalination
and contamination of the natural water sources.
Alongside desalination, another suggested practice
that can save a large amount of fresh water is the in-
creased usage of treated effluents in agriculture. How-
ever, this practice involves problems related with sali-
nation of soils and a possible gradual degradation of
both soils and aquifers, a process that is also likely to
affect natural systems as well (Gvirtzman 2002; Kliot
2003).

23.1.2 Water Allocation for Nature

Regarded a scarce resource, water is mainly managed
for human use, while water allocation for nature is pri-
marily perceived as a luxury. The degradation of water
sources affects natural ecosystems in their ability to
maintain themselves and to provide humans with eco-
system services. Water shortage joins with habitat loss
and defragmentation to make ecosystems more fragile
and less resistant to changes and catastrophes. The
main loss of species and habitats in Israel in the last
decades has occurred in wetlands (Frumkin 2003a;
Frumkin/Shmida/Sapir/Fragman-Sapir/Levin 2004;
Shaham 2003). 

A preliminary attempt to address ‘Nature’s Right
for Water’ was made through the patient and persist-
ent work of the Israel Nature and Parks Authority
(INPA) and the Ministry of the Environment, which

led to legislation in the Knesset. The legislation is
meant to ensure a regular water allocation for the
maintenance of nature reserves, rivers and other wet-
lands (Shaham 2003). The INPA wishes to ensure that
some 150 million cubic meters (MCM) of water
would be available annually to nature and to conserva-
tion of open spaces, and that additional 50 MCM
would be available for river restoration. With the Wa-
ter Commission, the INPA intends to prepare a na-
tional yearly master plan to define nature’s need for
water. This is a major step forward. It is not yet clear
if the desired allocation is sufficient and if it can in-
deed guarantee a long-term commitment.

23.1.3 What are Nature’s Needs for Water? 

Israel is located in a semi-arid region, where water is
relatively scarce and therefore it is one of the limiting
factors to biological mechanisms. In order to be able
to maintain a healthy life, for existence and proper
functioning, water supply should be within certain
quality limits. It is generally agreed that water for
aquatic organisms should be better than drinking
quality standards (Shaham 2003). The current legisla-
tion is concerned with water allocation for aquatic na-
ture reserves and wetlands, which are the main natural
‘consumers’ of water, and probably the most vulnera-
ble habitats. 

Nevertheless, other terrestrial ecosystems, in
nearby smaller tributaries and generally, in non-wet-
land habitats, also require adequate water supply. Ter-
restrial ecosystems away from rivers throughout the
country are supported by their available water supply
– through direct rainfall, through underground water
supply or aboveground runoff, filtration and stream-
ing. If we take a closer look, we can further examine
the need for water at a local level: plants in any eco-
system need water. The amount of plants, their com-
position and the presence of particular rare species
may depend on very local circumstances; some animal
species rely on plants for their water as well as for
their food supply; many animal species need fresh
drinking water, which they may find in small local
sources; winter ephemeral ponds are a nearly-extinct
habitat in Israel – they require a sufficient supply of
fresh water for their formation and maintenance for a
minimal duration that will allow their inhabitants to
reproduce.
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23.1.4 Aims of this Work

The Israeli-Palestinian peace process is currently on
hold. Nevertheless, while it was still going many un-
derstandings and programs were made by official and
private bodies for a time to come, a peaceful ‘end of
conflict’ era in this region. Some of this planning can
affect water allocation to nature. Whenever the peace
process will resume, it is very likely that much of this
dormant planning will again be relevant. 

Planners as well as nature conservationists should
be aware of these plans, prepare for times when they
will be promoted and consider them on a regional ba-
sis. In this work the authors try to draw a possible sce-
nario for the status of water resources in the ‘end of
conflict’ era and its possible ecological implications.
Forecasting and drawing scenarios are many-a-time
quite a risky business. Our aim here is to draw atten-
tion to possibilities and to actions or precautions that
may need to be adopted. 

23.2 Methods

The authors used three sources of information about
possible events in the future ‘end of conflict’ era: (a)
the peace treaties and agreements; (b) proposed de-
velopment projects for regional cooperation; and (c)
multi-disciplinary group discussions and interviews
with professionals. The peace agreements, develop-
ment projects and general trends will mainly be dis-
cussed with reference to their impact on the environ-
ment within Israel.

23.2.1 Peace Treaties and Agreements

Israel signed peace agreements with Egypt (1979) and
Jordan (1994) and an interim agreement with the Pal-
estinians (1995). The authors examined the environ-
mental aspects and clauses in these agreements (Israel
Ministry of Foreign Affairs 2004a, 2004b, 2004c),
and their relevance to various development programs.
The authors try to point at lacunae and possible envi-
ronmental conflicts deriving from the agreements –
mainly between development and conservation. 

23.2.2 Proposed Development Projects

Data on 280 proposed or on-going projects of re-
gional cooperation and programs were received from
the former Israeli Ministry for Regional Cooperation.
Forty-seven projects directly involved water issues –

agreements, planning, supply, desalination, treatment
of effluents and reclamation of contaminated areas.
Of these, we referred to development programs that
are relevant to the Israeli environment, ending up
with 26 projects (6 cooperation projects, 15 non-coop-
eration projects that may affect Israeli water supply, 5
general protocols and programs). The authors also
checked for other possible indirect effects of major
projects on water availability to the natural environ-
ment.

23.2.3 Discussions and Interviews

Between 2000–2002, as a part of a multi-disciplinary
work group (Achiron-Frumkin/Frumkin 2002), the
authors participated in an active discussion group on
different aspects and scenarios for a peaceful era.
They had personal interviews with various environ-
mentalists – both governmental and NGOs – and
heard their perspective and scenario for environmen-
tal, social and economical prospects on a time of
peace.

23.3 Results and Discussion

23.3.1 Peace Treaties and Agreements

The peace treaties with Egypt (1979) and Jordan
(1994), and the interim agreement with the Palestini-
ans (1995) reflect the prevailing environmental atti-
tude at the time they were prepared. Water issues that
are mentioned include water usage, allocation and re-
source maintenance. A major lacuna is the absolute
absence of any water allocation for nature where wa-
ter allocations are discussed. The agreements do not
pay attention and do not include sufficient guidelines
to nature’s needs for maintaining ecosystem func-
tions, particularly in terms of water and land alloca-
tion. No attention is paid to the necessity to devise
water quality standards and to solve possible conflicts
between different water usages. 

The peace treaty between Israel and Egypt does
not directly refer to any environmental issues, includ-
ing water. Though no major water sources are shared
between Israel and Egypt, agreed development
projects may have local impacts (see below).

The peace treaty between Israel and Jordan in-
cludes article 6, which is dedicated to water. It desig-
nates “rightful allocations of both of them [Israel and
Jordan] in Jordan River and Yarmouk River waters
and Araba/Arava ground water” Article 6 addresses
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the need to define water quantities and quality regard-
ing usage, and the need to develop present and new
water sources. It refers to required measures and mon-
itoring in order to protect water resources from con-
tamination. It includes provisions for water allocation
and distribution between the two sides, of the Jordan
River and its tributaries and in the Arava valley, which
do not consider ecosystem needs. The flow of fresh
water in the lower Jordan River is considered ‘waste’.
Hence, it was agreed that the lower Jordan would
change from a river of high-quality water flow into a
canal used for the disposal of treated sewage and
brackish water to the Dead Sea. 

Apart from considering directly this scarce re-
source, other articles that discuss transportation, en-
ergy and development may involve indirect effects to
natural ecosystems (see discussion below). Water qual-
ity standards have not been defined. The environmen-
tal article (article 18) and its associated annex IV are
quite detailed and cover a wide array of topics, includ-
ing suggested cooperation between both parties ac-
cording to sustainable development principles. They
emphasize the need to protect biodiversity by various
means, though the maintenance of water sources and
their quality is mentioned solely with respect to hu-
man usage. 

The Israeli-Palestinian Interim Agreement has no
environmental clauses. References to environmental
issues appear in annex III and annex VI. Annex III,
clause 12B, deals with cooperation and understand-
ings, and outlines the general attitude: 

Both sides will strive to utilize and exploit the natural
resources, pursuant to their own environmental and
developmental policies, in a manner which shall prevent
damage to the environment, and shall take all necessary
measures to ensure that activities in their respective
areas do not cause damage to the environment of the
other side. 

Most measures are intended to mitigate different
kinds of pollution. Other agreed principles are: devel-
oping measures to fight desertification, the need to
conduct an Environmental Impact Statement (EIS)
for major development programs, and the protection
of forests, nature reserves and natural assets. Clause
40 outlines principles concerning water and sewage,
and acknowledges the Palestinian need for additional
water supply.

23.3.2 Proposed Development Projects

Generally, the proposed development projects are
based on understandings that were outlined in the

peace agreements. With one exception, none of the
26 projects related to water deals with nature’s rights
and needs for water, though several projects may help
to reduce water pollution. Here we shall give but a
few examples. Several water-supply projects in Jordan
draw water from the Jordan River and its tributaries.
A proposed desalination project will use brackish wa-
ter on the Jordanian side of the Dead Sea. The Jorda-
nian Water Conduit will allocate additional tens of
MCM/year to Israeli and Jordanian salt plants. Quite
a few Palestinian wastewater conduction systems and
treatment facilities are planned. Treating pollution of
the Jordan River includes several wastewater treat-
ment facilities on the Jordanian and Israeli sides. An-
other plan to restore the lower Jordan River also des-
ignates an area for a bi-national nature reserve on
both sides of the river. The Red Sea-Dead Sea Canal
is the only project that mentions water allocation to
the Dead Sea. 

Of the other cooperation projects we examined –
those not directly related to water – some may affect
the natural environment either by protecting areas
(several proposed transboundary nature reserves and
a biosphere reserve) or by using land and emitting pol-
lutants (e.g. several industrial areas, energy, transpor-
tation and tourism), as will be discussed below.

23.3.3 Socio-economic and Environmental 
Scenarios

People rightly expect that the ‘end of the conflict’ will
bring about economic prosperity and improve the
standard of living (particularly of the Palestinians).
There will be great need for building and reconstruc-
tion on both the Palestinian and the Israeli sides, in
particular an urgent need to answer the Palestinian
lack of infrastructures. 

The experience so far has shown that in quite a
few environmental cases that required urgent cooper-
ation, political considerations made such cooperation
impossible even before the current surge of violence
(e.g. Israeli-Palestinian problems to resolve issues of
wastewater management, see Frumkin/Achiron-Frum-
kin 2003; Kliot 2003). When the ‘end of conflict’ will
finally be with us, it is likely that initially it would not
be a ‘warm peace’ but rather avoidance of violence
that would allow each side to slowly recover. In such
circumstances, cooperation and joint management of
a crucial resource is made more complicated.



Water Allocation for Nature and the ‘End of Conflict’ Era 237

23.3.4 Possible Ecological Implications

Human activity can affect the availability of water to
ecosystems directly, through above- and underground
water resources, by pumping and by direct discharge
of pollutants. It can also affect it indirectly, through
development and through the way humans act in
open spaces. In what ways can development affect wa-
ter supply to nature? It can:

• Change the amount of water that is being accumu-
lated locally – through a change or damage to a
drainage basin's original waterways, or through a
decrease in the area of open space available to this
basin (e.g. by construction of roads or buildings);

• Change the quality of available water – through lo-
cal contamination of soil or runoff that can lead
to local or regional contamination of water
sources, both above and below ground. This can
be due to oils, pesticides or other toxic sub-
stances.

Once a drainage basin is changed, its ability to supply
water to living organisms also changes. It may well be
that overall, the same amount of water may still be
available to an area, but it will be distributed in a dif-
ferent manner locally, creating local environmental
changes. Such changes may render a mountainside, a
mountain spring, a winter ephemeral pond or the resi-
dence site of a rare plant with less water than before
or nearly waterless, if not enough water is accumu-
lated to sustain them. This is also true where local
pumping lowers the aquifer water level, thus drying lo-
cal springs. The desert environment is particularly
sensitive to changes in the water regime, and the
opening of new roads and railways may change water
runoff routes and drastically affect local habitats.
These changes at the local level seem minor and neg-
ligible, but they do accumulate and can be particularly
felt in dry years. The good news is that today we
know ways to develop while conserving water
sources, via adoption of careful, water-sensitive and
sustainable-oriented planning (e.g. see Katz/Burmil/
Carmon/Shamir 2001). It needs more awareness, it
needs courage to explore new methods and a willing-
ness to use them. To better understand some environ-
mental implications of the agreements and develop-
ment projects a closer look at some examples of the
current environmental situation is needed: 

The annual water flow input to the Dead Sea to-
day is ca 1,000 MCM of water less than it was at the
beginning of the 20th century. This gradual decline
has led over the years to a decrease of over 26 meters

in the Dead Sea level, and has severe implications for
both man and the natural environment. It involves
changes in the aboveground and underground flow-
ing regimes of the Dead Sea coastal oases ecosystem
and salination of springs. These changes lead to a
rapid change of this unique ecosystem, while threaten-
ing its endemic biodiversity. The solution to the situa-
tion is far from clear. In addition, the decline of the
water table has induced the formation of hundreds of
large sinkholes, mainly along the western coast, mak-
ing any human activity in the area a perilous task
(Frumkin 2003b; Bromberg 2004; Eidelman/Cohen/
Bein/Kaplan 2006). 

Some of the development projects designated
along its coast will probably somewhat worsen the
water balance of the Dead Sea. Additional water up-
take and further use of floodwater up the Jordan
River will probably also be bad for the Dead Sea.
Plans for tourism and other enterprises along its coast
may become obsolete due to the risks involved. The
plans for a biosphere reserve there may conflict with
other projects designated for the same area. The Red
Sea-Dead Sea Canal is the only project that mentions
water allocation to the Dead Sea, but it may involve
major changes to regional ecology, whose character is
not clear.

The water of the upper Jordan River basin is being
continuously used by all adjacent countries: Lebanon,
Syria, Jordan and Israel, as well as by the Palestinians.
Some of its tributaries currently conduct treated efflu-
ents. Israel and Jordan exhaustively divided the Jordan
River water resources, including excess unutilized
floodwater that can be pumped for storage off the
course of the river. The treaty between them allocated
no water for nature and its application has probably
already contributed to the deterioration of the lower
part into a canal conducting effluents (Kliot 2003).
The stated need for “ecological rehabilitation of the
Jordan River” is not backed by any of the water
clauses of the treaty. 

The proposed project entitled ‘treating pollution
of the Jordan River’ includes several wastewater treat-
ment facilities in the Jordanian and Israeli sides. It has
no defined bi-national framework to coordinate the
management of the drainage basin and the river itself,
and does not allocate any water to the river itself, a
supply that could help clean the riverbed and restore
its ecosystem. This project probably adopts the ap-
proach that if pollutants are removed – the river eco-
system will eventually restore itself. It is not clear how
this project corresponds with another plan to restore
the lower Jordan River, which also designates an area
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for a bi-national nature reserve on both sides of the
river, where currently effluents have been allowed.
Further south, excess pumping of groundwater in the
Arava valley has already caused deterioration of some
oases and drying of several unique salt marshes (e.g.
Yotvata and Evrona). There as well, the parties agreed
on quotas for pumped water to be divided between
them, with no restrictions deriving from ecological
needs. 

Agricultural development (e.g. combating deserti-
fication) should be carefully examined to verify that ir-
reversible damage is not caused to the area’s biodiver-
sity, and to long-term quality of soil and water.
Development of transportation along and across the
Rift Valley would probably lead to further conflicts
with environmental well being, including water bal-
ance for local ecosystems. 

A major problem with the proposed or on-going
regional cooperation projects and programs is that
many of them are located on a limited geographical
area. On one hand, this saves open space. On the
other hand, little attention was paid to their cumula-
tive effect on the region, on its open spaces and its
natural habitats. Many of the projects reflect a con-
servative, non-sustainable approach. The only plans
that may consider ecosystem needs and may eventu-
ally include water allocation for nature – those for na-
ture reserves – seem to partly conflict with other de-
velopment plans designated for the same areas.

The mountain aquifer is currently polluted by both
Israelis and Palestinians. Effluents, including also in-
dustrial effluents, are running down westwards into
Israel’s coastal rivers, jeopardizing efforts to restore
them. Among the proposed projects were some Pales-
tinian wastewater treatment facilities which could
have reduced pollution (including transboundary pol-
lution) and groundwater contamination. Several
projects and solutions that were suggested to handle
the Palestinian effluents were not promoted due to
the political situation, and part of the foreign funding
to Palestinian infrastructure project may be lost by
now (Kliot 2003). 

Generally, both the peace treaty with Jordan and
the interim-agreement with the Palestinians contain
clauses that show positive environmental intentions.
For example, annex VI of the Israeli-Palestinian in-
terim-agreement declares that 

In implementing the various economic cooperation pro-
grams, the two sides will ensure that aspects of environ-
mental protection including air, water, marine and land
resources, and prevention of environmental risks, haz-
ards and nuisances will be taken into consideration. 

The mutual desire to cooperate in protection of bio-
diversity and nature reserves is shown in the following
statement: “economic cooperation will take into con-
sideration environmental protection aspects.” 

It is reasonably feared that the important guide-
lines and principles that do appear in the agreements
with Jordan and with the Palestinians may not be ful-
filled. This may be due to lack of awareness among
decision-makers, lack of criteria for sustainability or
lack of administrative and fiscal tools to apply them
(see Frumkin/Achiron-Frumkin 2003). It is not clear,
how well Israel and Jordan can implement their good
will, as many of the topics have not yet been imple-
mented within each country. Most current develop-
ment in Israel is not sustainable, and we do not ex-
pect that the Palestinian side, which faces highly
critical issues, will place nature’s right for water first
on its priority list. Important statements and declara-
tions are not enough to guarantee their appropriate
application, to guarantee that environmental interests
will be considered alongside economic (or other) in-
terests, particularly as examination of alternative plans
was not required. 

A higher level of economic activity usually leads to
higher consumption and contamination levels, and to
increased demands for water, energy, open space (for
both development and recreation purposes) and
other natural resources. Development of the kind that
will cover open space with asphalt, stone and con-
crete may affect water drainage basins and decrease
water penetration into aquifers. This problem may be
particularly felt in the mountain and coastal aquifers.
Yet, official guidelines for development at the ‘end of
conflict’ era may not necessarily incorporate high en-
vironmental standards, particularly if development is
done under time pressure, with a limited budget and
with many other issues to be dealt with.  

23.4 Conclusions

23.4.1 Would Israel’s Biodiversity be Better off 
in Peaceful Times?

The case of water allocation to nature is a clear exam-
ple of the conflict between the needs of this genera-
tion and the needs of future generations, the needs of
those who have more and those who have less, and
between human needs and the needs of other co-pa-
triot organisms. The sustainable development ap-
proach – as manifested in Agenda 21 and the biodiver-
sity convention which Israel has signed – tries to



Water Allocation for Nature and the ‘End of Conflict’ Era 239

address these conflicts and resolve them. Most of the
future problems are already here with us. The fragile
current acknowledgment of nature’s right for water –
if adequate at all – may not hold if water shortages
worsen. It may be implied within Israel, but will prob-
ably not be considered in the surrounding areas. The
trends of change in water management (including de-
salination and effluent irrigation) may not be ade-
quate to guarantee sufficient and sustainable water
supply for natural ecosystems.

Our findings suggest that in terms of water alloca-
tion for nature, the scenarios for the ‘end of conflict’
are not likely to produce a more comforting picture
than our present situation. Rather, they actually indi-
cate that the immense pressures on the natural envi-
ronment and water resources are likely to increase.
Unless a dramatic change in the way we manage our
water resources will take place, we are likely to en-
counter further damage to water resources. This will
be added to the already deteriorating quality of the
mountain aquifer, and to the continued denial of the
ecosystem’s justified needs for water by all sides in-
volved. In times of water shortage, water allocation to
nature and its relation to the vitality and stability of
natural ecosystems may come last on the priority list.
One should also bear in mind that water stress or
shortage would be only one of several environmental
stresses that are quite certainly likely to increase. Such
are the decrease in open spaces (available physical
space and habitat) and connectivity within and be-
tween natural populations, increased human activity
in residing area, increased levels of air pollution, etc.,
whose effects on ecosystems may not be incremental
but rather synergistic. 

Such circumstances necessitate careful planning
and management of natural resources, with a long-
term view and policy which will incorporate water
professionals and ecologists in a wider regional plan-
ning and management framework, applying the ‘pre-
cautionary principle’. Nature’s right for water should
be incorporated, as another aspect that needs ad-
dressing, into master plans and cooperation projects.
New ways to include this aspect in cooperation work
between environmental officials, educators and NGO
work should be devised and can already be put to ac-
tion now. Unfortunately, in the process of planning
and decision-making, political and security considera-
tions often rule out professional considerations,
sometimes yielding a devastating outcome. As shared
resources, there should be some form of shared re-
sponsibility for the deterioration of the Dead Sea and
the mountain aquifer. It is vital that the shareholders

involved would join forces and efforts to avoid any
further deterioration and cooperate in order to solve
the described problems, including water allocation to
the ambient ecosystems. 
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Abstract

The chapter proposes a cooperative support model for Palestine and Israel, using both
technical and managerial tools that could eventually improve the water supply situation in
the whole Middle East area. The model suggests improvements in the patterns of informa-
tion exchange to include information collection, sharing information on catchments,
desalination, reuse techniques, etc., institutional capacity building such as a qualified labor
force, organization and management. Cooperation can be applied in many areas of water
management: a) management of water resources (management of underground and
ground water), b) management of the water supply network (operation, monitoring, main-
tenance), and c) wastewater management (water reuse).

To assist the management of shared water resources a mathematical model (scarcity index)
has been developed to evaluate water resources gaps on the national and international
level. The need is measured by the value of the scarcity index, which considers most of the
elements that affect structural demands and ecosystem conditions of the water bodies.

Keywords: Modeling, Sharing, Scarcity Index, Water Resources 

24.1 Introduction

Sharing transboundary water resources and the proc-
ess of portioning them are challenges for downstream
countries around the world. Development and pollu-
tion are both increasing, while the supply of water is
not. At present, there are increasing demands for the
limited water supplies by people, agriculture and in-
dustry. In addition, humankind is dependent on its
environmental partners. Before we all dry out or get
flooded out, or in the worst case killed, in struggles
over water, all interested parties, whether private, gov-
ernmental or non-governmental, are advised to work
together to manage our water better under UN lead-
ership.

Water scarcity is often the result of a misunder-
standing among the parties sharing transboundary re-
sources. Or it could be a failure to integrate policies

and practices related to the management of water re-
sources. Good water governance exists where govern-
ment bodies responsible for water establish an effec-
tive policy and legal framework to allocate and
manage water in ways responsive to national, social
and economic needs, and to the long-term sustainabil-
ity of the resource base. There will be no transition to
sustainable development without a transition to water
sustainability (Swedish Environmental Institute (SEI)
2002), which requires a systemic perspective that links
water resources to requirements for irrigation, indus-
try, human needs and ecosystems. In recent years, the
issue of the long-range adequacy of fresh water re-
sources has moved to center stage in international dis-
cussions of sustainable development. The call for the
adoption of sustainable water strategies has become
urgent as conflicts over the allocation of increasingly
scarce water resources loom (GWP 2000).
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24.2 Water Equality Accounting 
System

The Water Equality Accounting System (WEAS) was
created to monitor the inlet and outlet of available wa-
ter in national and international basins. The model is
based on the Water Accounting For Integrated Water
Resources (WAFIWR) approach developed by David
Mulder at the International Water Management Insti-
tute (IWMI) in 2001 (IWMI 2001). Both models have
in common the balancing of water resources supply
and use by humans and the environment. The
WAFIWR model builds on factual data, while the
WEAS is based on the availability, reliability and prob-
ability of sharing the data on the one hand and also
recognizing the equal rights of neighbors over trans-
boundary water resources on the other. WEAS uses a
water balance approach to quantify the amount of wa-
ter entering an area through precipitation, rivers,
groundwater flows in addition to water re-use, other
water resources obtained through transport or im-
port, and desalination and the amount leaving an area
through evaporation, plant transpiration, rivers and
groundwater flows or other water losses as illustrated
in figure 24.1.

The amount of unused water flowing out of the
system is classified according to whether or not it is
committed for downstream use. Non-committed out-
flows are further subdivided into water that is cur-
rently utilisable and water that is not utilisable without
additional infrastructure. The inlet and outlet parame-
ters have to be defined and exchanged, and the fol-
lowing questions should be answered and analyzed
for each riparian state: (i) how water is being used, (ii)
where can water be saved and, (iii) how efficiently are
the utilities are managing water resources.

In developing countries, strategies and planning
should focus on reducing the flow of irrigation and
drainage water into the sea (IWMI 2001). One of the
biggest needs in developing countries is irrigation and
use of water for food production. Planning of up-
stream and downstream irrigation systems for equal
and reasonable use should be ensured, water conser-
vation at penetration areas improved, and well drilling
controlled. Other alternatives can also be applied to
conserve water. For instance, social and religious as-
pects in Saudi Arabia during the Hajj season can pro-
vide an opportunity to save water by reducing the wa-
ter flow in the mosques and by recycling treated
wastewater to the flushing system for almost three
million Hajjis during their visit to the Mecca and Me-
dina mosques (Asheesh 2001). 

24.3 Water Balancing

Balance in general can be defined as the relation be-
tween the system’s input volume and the system’s out-
put volume in all use directions. Balancing investigates
the relation between the above mentioned parameters
as illustrated in figure 24.1, during a certain time pe-
riod under different conditions. The result of the bal-
ancing for a certain future time depends on reliability
and availability of exchanged data, and when estimat-
ing missing data the probability theory should be ap-
plied. Water resources balancing parameters calcu-
lated for a state or riparian states can be divided into
four major groups: a) system input volume, b) system
output used volume, c) system output losses, and d)
system output to the environment. The grouping can
help in determining the amount of annual water re-
sources needed or available on the national or interna-
tional scale. 

24.3.1 System Input Volume

The system input volume group represents the annual
input of water into the system on the national or in-
ternational scale including the following inputs classi-
fied by the origin of the water resource: a) water re-
used by natural or artificial means, b) surface water,
lakes, rivers, c) underground water, d) desalinated wa-
ter, and e) other resources, such as importing or trans-
porting water or other options and alternatives for
covering water gaps.

24.3.2 System Output Used Volume  

System output used volume balance parameters that
must describe where the water has been used. Gener-
ally, the System Output Used Volume may comprise
four key water categories: a) domestic use (domestic,
urban and rural, including settlements and camps in
some cases) , b) industrial use, c) irrigation in all
forms (for crops and the methods of irrigation), and
d) green services for the public green areas.

24.3.3 System Output Losses 

System output losses show where there are opportuni-
ties to save water through monitoring and control.

24.3.3.1 Losses During Distribution 

The determination of where the losses in the distribu-
tion system occur is an important aspect of water re-
sources management. It is a significant factor in deci-
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sion making related to portioning of shared water
resources. In the case study, the amount of loss in the
West Bank and Gaza Strip is estimated at 25–60 per
cent in some places (PECDAR 2000), while the leak-
age in Jordan is 60 percent (Alicante 2003). The water
accounting system is one of the tools that can be ap-
plied to determine two parameters, the condition in-
dex for the network and unaccounted for water.
These two parameters are important elements for
completing the calculations of the Water Accounting
System (Asheesh 1998).

24.3.3.2 Natural Losses (Evaporation and 
Transpiration)

The evaporation process can have four different
forms: a) evaporation from surface water, b) evapora-
tion from snow, c) evaporation from soil surface, and
d) evaporation from plants (transpiration). In general,
it can be calculated as the difference between precipi-
tation and runoff. According to Algahriani (2002), the
ratio of evaporation in arid and semiarid climates dur-
ing irrigation and other agricultural activities can

Figure 24.1: Water Equality Accounting System (WEAS) Structure Suggested by the Author.
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exceed 0.25 per cent of the irrigation water. Changes
in temperature should be considered in this case.

According to FAO (2002), plant roots suck or ex-
tract water from the soil to be able to live and grow.
The main part of this water does not remain in the
plant but escapes to the atmosphere as vapour
through the plant’s leaves and stem. This process is
called transpiration, which happens mainly during the
daytime. Evapo-transpiration is a process of total
evaporation from the soil surface. Water from an
open water surface that escapes as vapor to the atmos-
phere during the day is called evaporation. This vol-
ume is usually expressed in mm/day, mm/month or
mm/season. The losses of water through transpira-
tion can be controlled and prevented by humans by
choosing appropriate crops. 

24.3.4 System Output to the Environment

System output to the environment is a flow require-
ment defined as the minimum amount of water in
stream flow required at a point on a river or diversion
to meet water quality demands for fish, wildlife, navi-
gation, recreation, downstream use or other require-
ments. 

24.3.5 Water Scarcity and the Balance of Water 
Resources

There have been numerous attempts to develop indi-
ces related to scarcity. According to Turton (1999),
‘water scarcity’ means water poverty. Priscoli (2000)
defines with English dictionaries ‘security’ as freedom
from danger, from fear or anxiety, from want or dep-
rivation. Indeed, this is what the history of humanity’s
management of water is all about: trying to be sure we
have good water, in the right quantity, and at the
proper time and place. Water crises are thus not
driven only by absolute scarcity, but also by disrup-
tions in distribution of water, knowledge and re-
sources. Increasing our flexibility and capacity to re-
spond to exigencies of nature and reduce our
vulnerability to events such as droughts and floods
will increase our security. That is: we are reducing un-
certainty and building predictability and safety into
what was often experienced as a harsh environment.
As regards water, security can be seen as freedom
from fear, anxiety and deprivation regarding water
supply.

Water scarcity is usually evaluated with the help of
a water scarcity index. Probably the most famous wa-
ter scarcity index is the one developed by Malin

Falkenmark (1989). Basically, she carried out a survey
of a number of countries and calculated the water
amount used per person in each economy. Falken-
mark then determined the state of economic develop-
ment of those countries. Based on that she calculated
the index (table 24.1) using the concept of the “water
barrier” beyond which no industrialized country
would be able to sustain itself. 

Ohlsson (1999) did some more sophisticated work on
indices. By using the Human Development Index he
worked out a fairly complex index which takes social
aspects into consideration. According to Gleick
(1993a), scarcity is the relationship between human
needs and the reserve of water resources. Gleick
claims that water availability should be 100 liters per
person per day. Others define water scarcity as a situ-
ation where we cannot satisfy the minimum water re-
quirements for drinking and planting for food. Differ-
ent organizations’ definitions of human needs also
vary. For example, WHO defines the minimum daily
water requirement as 150 liters per person (Asheesh/
Al-Otaibi/Katko 2002). Gleick‘s interpretation of wa-
ter scarcity is shown in table 24.2.

In Finland ‘water scarcity’ has been defined by Kan-
tola, Auvinen, Härkönen, Lahti, Pohjalainen, and
Sipola (1999) as follows: “When the amount of fresh
water is less than one thousand cubic meters per cap-
ita, we can say that there is scarcity of water” (table
24.3).

This author suggests the following definition for
water scarcity: 

Table 24.1: Water Barrier Demarcations. Source:
Falkenmark and Widstrand (1992).

Index (m3 per capita) Category/Condition

>1,700 No stress

1,000-1,700 Stress

500-1,000 Scarcity

<500 Absolute scarcity

Table 24.2: Water Scarcity Index According to Gleick
(1995) as Modified by the Author.

Index (m3 per capita) Category/Condition

>1,667 Abundance

<1,667 Stress

<1,000 Scarcity
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Water scarcity is a shortage in freshwater availability
from renewable resources to meet the essential demand
in various water consumption sectors. Essential demand
includes domestic demand and agricultural demand
needed to ensure food security for the nation, while
industrial demand can be met, to a great extent, by recy-
cled water.

Based on the above interpretations of scarcity and the
relationship between the availability of water and hu-
man consumption needs, scarcity can also be under-
stood as an increase in the use and need of water re-
lated to available water resources in a country or
region.

The scarcity between the riparians can be most
conveniently expressed as the relation between availa-
ble water and the need of a human being (100 l/c/d)
according to Gleick (1993b), or 100–150 l/c/d in arid
and semiarid regions according to Falkenmark (the
so-called barrier, i.e. use of available water resources
fulfilling principles of equitable and reasonable use).

Another form of the scarcity index presented by
Falkenmark and Gleick is the benchmark indicator;
the 1,000-cubic-meter benchmark has been accepted
as a general indicator of water scarcity by the World
Bank (2002) and other analysts. Gleick (1993b), of the
Pacific Institute, called it the “approximate minimum
necessary for an adequate quality of life in a moder-
ately developed country.” In the Middle East, Israel, a
relatively prosperous country, is commonly cited as
surviving on much less than 461 cubic meters of fresh
water per person (although Israel also depends on
some non-renewable groundwater). But even coun-
tries with high water availability may experience prob-
lems because of regional disparities or very high water

demand (Gleick 1992). Acknowledging such discrep-
ancies, however, hydrologists and water use experts
find that 1,000 cubic meters serves as a useful bench-
mark for water scarcity around the world. Falken-
mark’s higher benchmark of about 1,700 cubic meters
per capita per year is a ‘warning light’ to nations
whose populations continue to grow. In time, in the
absence of conditions that lead to population stabili-
zation, most water-stressed nations will fall into the
scarcity category (Falkenmark/Widstrand 1992).

Throughout this chapter the author refers to water
scarcity if the scarcity index defined by equation 24.1
is negative. This index is expressed by a balancing
equation as follows:

The scarcity index is an indicator that shows develop-
ments in the water situation of a riparian country. It
points to the size of the gaps that should be covered
or amounts to be returned into the system in order to
secure the balance between available water and water
demand.

Balancing of the system is accomplished by cover-
ing the gaps or preventing the depletion of water re-
sources and monitoring the relationship between the
inputs and outputs of the system. In the case of de-
pleted national or international river basin aquifers,
covering of gaps or controlling and stopping the flow
of the shared transboundary aquifer can be an alterna-
tive to balancing the situation inside and outside the
system on the national and the international level. As
an example, figure 24.2 shows an international aquifer
that can be protected for balancing purposes from
both sides of the border. The process is assumed to be
supported by riparian cooperation and the establish-
ment of an international commission by the riparians. 

In order to reduce water scarcity and support shar-
ing of international water resources, water balancing
needs to be done by applying mathematical calcula-
tions to assist the evaluation of the availability of
water resources and projecting the demand for long-
term and short-term development, as well as for sys-
tem planning and plans implementation to meet
future demand.

Table 24.3: Some Examples of the Amount of Available
Fresh Water per Capita in some Countries
around the World. Source: Kantola/Auvinen/
Härkönen/Lahti/Pohjalainen/ Sipola (1999).

Country Amount of fresh water 
m3/cap.x103

Canada 94.4

USA 8.9

China 2.2

India 1.9

Finland 21.3

England 1.2

Kenya 0.7

Israel 0.3

Egypt 0.04

Equation 24.1: Scarcity Index Based on Water Balancing

Wsci = (Wav / Wtad) -1 (1)

Where :

Wsci Water scarcity index

Wav: Available water resources in shared basin (in the 
state)

Wtad: Total annual demands for all riparians/states 



246 Mohamed Asheesh

The calculations and evaluations will enable clearly
depicting the ongoing situation in every sector inside
the riparian states. The point of evaluation is to find
the weak or strong sectors and to try to cover the gaps
between the parameters inside the sector and inside
the states. Recovering can be solved in expectable
ways by satisfying all the parties involved in sharing. 

The developed equation is based on understand-
ing the probability and availability of data, analysis of
collected data and assumption of the risk for long-
term and short-term development. Balancing of in-
puts and outputs can be done through monitoring to-
tal available water resources and total use of water re-
sources, monitoring where the water is going, how
the water is used, and how we can save water. These
elements should be calculated in relation to changes
in time (∆t).

24.4 Water Demand and the Scarcity 
Index 

The scarcity index developed in this study reflects the
relationship between the water system inputs and out-
puts from the system based on population growth in
a given time. The scarcity index is expressed as a
shortage or gaps (expressed as percentages), as the re-
lationship between the parameters of available water
and demands as illustrated in equation 24.2. The
main element of the equation is population growth,
which determines all water sector demand parame-
ters. Population growth will increase the demand for
green areas, irrigation, water distribution and devel-
opment of industry of a certain type (water-intensive
or just the opposite, as in the case of Nokia, there is
no special need for water, but this depends on the
country and its industrial base). 

24.5 Water Balance and Scarcity Index 
Calculation in the Case of 
Palestine and Israel

Solving the exponential equation (table 24.4) for cal-
culation of water scarcity can be carried out using
software to assist the evaluation of the water re-
sources situation in the area. The idea is to construct
a node system inside the state or between riparians
who share the river basin. Software can be used as a
toolbox for the model suggested. By using this tool-
box, the input and output of water at every node can
be evaluated. After calculating the water inputs and
outputs into and out of the node, the toolbox will al-
low transferring or locking the water from or to the
node. In this way, the system can be controlled and

Figure 24.2: The Boundary of an International Aquifer
River Basin. Source: ISARM (2001), as
Modified by the Author (2002).

Equation 24.2: Scarcity Index

Where:

Wsci Scarcity index 

α: Input into system (A or B riparian)

ε: Annual domestic demand (m3/c/y)

γ: Demand for green areas (m3/c/y), it depends on 
population growth

δ: Demand for irrigation (m3/c/y)

λ: = Ln (1+r), population growth rate

∆t: Length of time for which the estimation is made, 
the period can be calculated as the difference bet-
ween 
the present and the future (t-k);

β: Population 

t: Present time

h: Yearly evapotranspiration of water, depends on cli-
mate of country 

b: Water needed to maintain the environment, 
depends on the length and depth of the water 
body 

k: Estimated losses

p: Industrial demand as a percentage, depends on 
country structure, its value can be determined as 
15–25 percent of the domestic demand

 (2)
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every riparian will have the possibility to receive his
portion of the shared water for at least the short term.
The software can be written by Visual Basic, and the
graphical part can be connected to a scanned form of
a map digital system. In the example below, the calcu-
lation was performed using Excel spreadsheets; most
of the parameters of table 24.5 were estimated, while
some of them were collected from the field.  

24.6 Conclusions and 
Recommendations

Freshwater conflicts are common in arid and semi-
arid regions, and they tend to remain particularly
acute when international relations are otherwise
tense. These two elements co-exist in the case of the
West Bank-Gaza Strip and the Jordan River Basin. 

Among the riparian countries, the situation is par-
ticularly difficult bilaterally between Israel, Palestine,
Jordan, and Syria. Israel and Jordan, both suffering
from extreme water scarcity, have so far not fully
agreed on the sharing of the waters of the Jordan and
Yarmuk Rivers, although major efforts for coopera-
tion have been made recently. Syria has a contentious
dispute/agreement with Israel regarding the future
national control of the Golan Heights area. The Pales-
tinians are not powerful enough to participate in any
discussions involving the important headwaters of the

Jordan River. Syria and Jordan have had some disa-
greements over the project to build a dam on the Yar-
muk River, which Israel opposes anyway. Finally, the
Palestinian state question is also closely linked to
water issues, since the West Bank area aquifers consti-
tute a major source of water for Israel.

In Israel and Palestine, the conflict over shared wa-
ter is the result of distrust, sovereignty, ownership of
the water resources in theory, and use of force in real-
ity. On the other hand, international water rights and
water sharing principles are ignored. It is a fact that
the area will suffer from water shortages in the long
term. Increasing the supply and decreasing the de-
mand could be an alternative to covering the gaps.
Water saving and water-use priorities could decrease
the demand. This could be achieved by eliminating
swimming pools in the settlement areas. Water de-
mand for irrigation and other use also needs to be
regulated and minimized. This can be achieved by
growing the proper types of crops, or importing fruits
and vegetables from neighboring countries, if possi-
ble. 

Allocation of the water resources in the area is im-
portant for long-term planning and strategy building.
Any allocation or any portions should be based on the
principles of international law. Available tools and
rules have to be applied to achieve the goal. The devel-
oped model is a tool applicable in allocation and eval-
uation of the water resources of the area. Yet, tools

Table 24.4: The Palestinian Water Scarcity Index..

Palestine

Parameter Water Demand 
mm3/y

Input into water system α 600*

Industrial demand ρ 17

Population β 2,600

Growth rate λ 0.033

Time Dt 20

Domestic demand ε 54.75

Green area/c/y γ 20

Irrigation demand δ 35.58

Population at t κ 20

Evapotranspiration h 451,462

Maintenance water b 140,000

Water scarcity index Wsci -0.37

*Based on assumptions regarding the outcome of immi-
nent bilateral negotiations in the region

Table 24.5: The Israeli Water Scarcity Index.

Israel

Parameter Water Demand 
mm3/y

Input into to system α 900*

Industrial demand ρ 21

Population β 6,000

Growth rate λ 0.024

Time Dt 20

Domestic demand ε 54.75

Green area/c/y γ 20

Irrigation demand δ 38.325

Population at t κ 20

Evapotranspiration h 941,999

Maintenance water b 180,000

Water scarcity index Wsci -0.53

*Water available to Israel reduced by the Palestinian por-
tion of the Aquifer in the West Bank
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cannot be applied without faithful and real coopera-
tion between the riparians. Exchange of information
should be practiced to monitor the resources over the
long term. Water authorities, consultancies, research-
ers and even decision makers can use this model.

Ironically, international cooperation is both neces-
sary and difficult in the Jordan River Basin and the aq-
uifer basin in the West Bank. The peace efforts of the
1990s could have eased the situation, but the only so-
lution for the long run is to agree on basin-wide water
allocations and management. It remains to be seen
whether a general water agreement can be made be-
fore a lasting peace has been secured, or if these po-
litical questions must be resolved simultaneously.
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Abstract

Access to sufficient volumes of water of appropriate quality is a vital human need, as dem-
onstrated by proposals of the World Health Organization (and others). Indeed, the United
Nations Committee on Economic, Social and Cultural Rights has recently recognized the
human right to water. Many authors have documented the inequitable distribution of
water resources in Israel and Palestine, and this issue is included as an element of the Per-
manent Status negotiations between both Parties. Surprisingly, the Road Map produced by
the Quartet does not specifically mention the need for attention to water resources except
in the context of multilateral efforts (addressing regional sources of water, and the Jordan
River basin in particular). However, it is clear that the current inequitable division of the
water resources as a whole in the region must be addressed if Palestine is to become an
independent viable State in the future, which is a pre-condition at the end of the second
phase of the Road Map.

In this and other facets of the negotiations between the Parties, Palestine should rely upon
the principles of customary international law, if a robust and lasting agreement is to be
attained. Israel’s reliance to date on the single criterion relating to the prior use of water
should be considered against the background of the multiple factors determining the equi-
table and reasonable allocation of international watercourses, as set out in customary inter-
national water law. The relevance of such international law to the permanent status nego-
tiations is discussed, and the implications for resource allocations from shared freshwater
sources are addressed. It is noted that both parties will benefit significantly from the joint
management of shared watercourses in the future, and a framework for this is proposed.

Keywords: Water, Israel, Palestine, International Law, Jordan River
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25.1 Introduction

On 28 September 1995, representatives of Palestine
and Israel signed The Israeli-Palestinian Interim
Agreement on the West Bank and Gaza Strip. Article
XXXI of that Agreement requires Palestine and Israel
(generally referred to as “the Parties”, hereafter) to
reach final agreement on a number of issues, through
the completion of permanent status negotiations.
These negotiations are intended to cover several as-
pects of relevance to the Parties, including water-re-
lated issues. 

Topics relating to water and wastewater were ad-
dressed by Annex III of the Interim Agreement (the
Protocol Concerning Civil Affairs), and principally in
Appendix 1, Article 40 (entitled Water and Sewage).
This included the recognition by Israel of Palestinian
water rights in the West Bank; laid down agreements
on the coordination of the management of water sup-
plies and of wastewater treatment and disposal for the
interim period; and specified additional water re-
sources which should be made available to Palestine
during the same period. General agreements were
also included on mutual cooperation, and on the pro-
tection of water resources and infrastructure. Article
XXXI of the Interim Agreement also stated the fol-
lowing, in Clause 6:

Nothing in this Agreement shall prejudice or pre-empt
the outcome of the negotiations on the permanent sta-
tus to be conducted pursuant to the DOP [the Declara-
tion of Principles]. Neither Party shall be deemed, by vir-
tue of having entered into this Agreement, to have
renounced or waived any of its existing rights, claims or
positions.

A similar provision is repeated in Article 40 [8] of An-
nex III, Appendix 1, in relation specifically to water re-
sources. Negotiations between Palestine and Israel on
permanent status have not been concluded, as yet.
This chapter addresses factors relating to the key ele-
ment of negotiations on water between the Parties,
this being the need for an equitable and reasonable
distribution of the existing regional water resources,
as recognized previously by Israel and as required un-
der the principles of customary international water
law.

25.2 Water Stress and the Human 
Right to Water

The three downstream co-riparians to the Jordan
River (Israel, Palestine and Jordan) suffer from water

deficiency, as determined by either the ‘water stress
index’ or the ‘water poverty index’ proposed more re-
cently (Falkenmark/Widstrand 1992; Lawrence/
Meigh/Sullivan 2002). The threshold for ‘absolute
scarcity’ in relation to water resource availability is
generally considered to be 500 m3/year on a per cap-
ita basis. Israel currently has a per capita utilization of
fresh water of approximately 330 m3/year, while the
equivalent figure for Jordan is 160 m3/year, and that
for Palestine is presently about 70 m3/year. It is clear
from these figures that the per capita use of water in
Israel is almost five-fold greater than that in Palestine,
on average.

International authorities on water utilization, such
as the World Health Organization and the Food and
Agriculture Organization, make no distinctions be-
tween the magnitude of the demand for water by dif-
ferent communities within countries, noting only that
the degree of attainment of adequate water supplies
may differ markedly according to the level of socio-
economic development and other factors (Howard/
Bartram 2003; WHO 2003). The International Cove-
nant on Economic, Social and Cultural Rights of
1966 (ratified by Israel in January 1992 and by the
other riparian States to the Jordan River basin in 1976)
has been interpreted to include the human right to
water (United Nations 2002; see also Guissé 2004).
These authorities suggest that all persons should have
access to water, and that no distinctions should be
made on the basis of color, creed or other matters. It
is argued here that this should extend to Israelis and
Palestinians.

The concept of equal per capita shares of water
for Palestinians and Israelis in the region is not new,
having been proposed in the early 1990s and repeated
more recently. Thus, Shuval (1992, 2000) suggested
that 125 cubic metres/person/year (equivalent to 342
litres/person/ day) would be an appropriate volume
for “domestic, urban and industrial use” for both the
populations, with supplies for agriculture being addi-
tional to this currently, but deriving mainly from recy-
cled wastewaters in the future. In addition, strong ar-
guments have been made that there is no basis for
discrimination between the Israeli and Palestinian
populations in this respect, and that many stakehold-
ers on both sides have accepted this principle (Shuval
2000). Consistent with this analysis, it is argued here
that the permanent status negotiations should seek to
allocate water on an equal per capita basis in Israel
and Palestine as a prima facie reflection of their equi-
table entitlements.
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25.3 Distribution of Water Resources 
in Israel and Palestine

The total water resource available to Palestine and Is-
rael in combination has risen over time in recent dec-
ades. Thus, for example, the total combined water re-
source (for an average year) has increased by about
450 MCM/year since the mid-1980s, to some 2,450
MCM/year currently. This reflects an increased use of
the available regional water resources, plus the intro-
duction of rising levels of desalination and water re-
use, especially by Israel. Recently, Israel has also con-
sidered the importation of small volumes of water in
bulk, from Turkey (Peterson 2000; Shamir 2004).

Despite this significant increase in the total combined
water resources over time, the volume of water allo-
cated to Palestine has hardly altered since the mid-
1980s (see table 25.1). Within Palestine, the popula-
tion has more than doubled in this period. The total
volumetric allocation of water to domestic use in Pal-
estine has risen through these years, almost maintain-
ing the per capita allocation for this category of use.
Allocations to industrial use in Palestine have re-
mained effectively unchanged, while those to the agri-
cultural sector have fallen. By contrast, an increase in
the total allocation of water for domestic use in Israel
has occurred between the mid-1980s and the present,
with per capita water use for domestic purposes also
rising in this sector in Israel, during that period (table
25.2) 

One of the reasons for the ongoing paucity of water
in Palestine relates to the difficulty in accessing the
additional water volumes allocated to Palestine in the
Interim Agreement of September 1995. To date, only
about 40 MCM/year of a total of 70–80 MCM/year
as cited by the Interim Agreement has been made
available. A number of reasons exist for this, including
the effective veto held by Israel through the Joint
Water Committee, relating to the construction of
wells and other water infrastructure in the West Bank.

Referring specifically to shared surface water re-
sources, the Johnston Plan of 30 September 1955
sought to generate a preferred allocation pattern for
the waters of the Jordan River basin. The Plan was
predicated on the water demand in the agricultural
sector only (as irrigable land areas were the sole deter-
minant of water demand, as calculated by Johnston).
This methodology does not match the present-day ap-
proach to allocating shared watercourses, and the al-
locations proposed in the Johnston Plan are therefore
of only limited utility to either Palestine or Israel in
the bilateral negotiations on permanent status.

Despite the fact that the Johnston Plan was never
officially recognized by the co-riparians to the Jordan
River basin, some authors have claimed that its pro-
posed allocations of the water resources within the
basin have been respected by the co-riparians since
the mid-1950s. However, this is not the case. Both
Syria and Israel presently abstract considerably more
than their share of the Jordan River waters compared
to the Johnston Plan allocations, while Lebanon, Jor-
dan and Palestine receive much less than the shares al-
located to them in the Johnston Plan.

It is clear from these data that the existing re-
gional water resources are not shared equitably be-
tween the Parties. Israel has dominated the develop-
ment of the regional water resource, essentially from
the time of the partition in 1948.

Table 25.1: Water Consumption (MCM/year) for Various
Uses in Palestine and Israel, for the mid-1980s
and 1998. Source: Data for the mid-1980s are
from the United Nations (1992), while the data
for 1998 are from the Palestinian Water
Authority and the Statistical Abstract of Israel.
It is noted that 1998 is utilized to typify more
recent years, as the droughts of 1999–2002
influenced allocations during that period, and
full data for 2003 are not yet available. MCM:
million cubic meters.

Type of 
Use

Palestine Israel Total

Mid-
1980s

1998
Mid-

1980s
1998

Mid-
1980s

1998

Domestic 47 87 325 671 372 758

Industrial 5 5 125 129 130 134

Agricul-
tural

175 165 1,320 1,364 1,495 1,529

TOTALS 227 257 1,770 2,164 1,997 2,421

Table 25.2: Water Allocations on a per capita Basis (m3/
person/year). Source: Calculations by the
authors.

Parameter/
Type of Use

Palestine Israel

Mid-
1980s

1998
Mid-

1980s
1998

Population (millions) 1.47 3.0 4.3 6.0

Domestic 32 29 76 112

Industrial 3.4 1.7 29 21

Agricultural 119 55 307 227

Total Allocations 156 86 412 360
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25.4 Water, the Road Map and Israeli 
Intentions

The Road Map was released by the Quartet (the Euro-
pean Union, Russia, the USA and the United Nations)
in May 2003. The Road Map sought to reinvigorate
the peace process between the Parties, laying out a
new framework for addressing permanent status and
for achieving a two-State solution by mid-2006. Most
curiously, the Road Map includes very little by way of
direct reference to water-related issues, although it
mentions the need to revive the multilateral track on
water in the region, during the second phase (suppos-
edly year two of the three-year process). This has clear
implications for the allocation of the Jordan River
water, and it is anticipated that further discussions
may be held on this topic in the near future. 

This sparse attention by the Road Map to water-re-
lated issues should not be taken to imply that the Par-
ties can ignore the allocation of water during the per-
manent status negotiations. Thus, the requirement at
the end of phase two of the Road Map process to cre-
ate a viable and independent Palestinian State with
provisional borders has clear implications for the
need for negotiations on the allocation of the regional
water resources prior to that time. This is because a
future Palestinian State obviously cannot be viable
without a reliable and secure source of water, of ap-
propriate volume.

A recent statement by Shamir (2004) provides a
preview of Israel’s intentions relating to this matter. In
testimony to the Committee on International Rela-
tions of the United States House of Representatives,
Shamir stated that “the only viable long-term solution
for the West Bank” involves major desalination on the
Mediterranean coast (proposed at Hadera), funded
by the donor community or by the Palestinians. This
assessment and conclusion, which has not been ac-
cepted by the Palestinian Authority, is flawed in a
number of respects:

• it fails to address the high costs of pumping desal-
inated water from the Mediterranean Sea to the
West Bank;

• it fails to acknowledge the fact that desalinated
water produced within Israel at the Mediterranean
coast would far better be utilized by the near-
coastal Israeli population;

• it ignores the need for a reallocation of the exist-
ing regional water resources, to attain an equitable
and reasonable allocation between two independ-

ent sovereign states existing peacefully side-by-
side; and

• it fails to recognize Israel’s responsibilities in rela-
tion to customary international water law (see
below), or to other elements of international law.

25.5 Relevant Principles of Customary 
International Water Law

International water law has been developed over the
whole of the last century, but it has been codified
only relatively recently. This process is ongoing, and
continues to refine the principles relating to the allo-
cation of shared water resources. As the process of
codification continues, customary international law
on water is strengthened.

Israel is bound by the principles of customary
international law, whether or not it has signed or rat-
ified international agreements to this effect. This
includes customary international law on water. Three
instruments, all of which constitute evidence of cus-
tomary international law, are of particular note in the
latter respect:

• The Helsinki Rules on the Uses of the Waters of
International Rivers, adopted by the International
Law Association in 1966;

• The Seoul Rules on International Groundwaters,
adopted by the International Law Association in
1986; and

• The Convention on the Law of the Non-Naviga-
tional Uses of International Watercourses,
adopted by the United Nations General Assembly
and opened for signature in 1997.

While all of these instruments have evidentiary value
as to the applicable rules of customary international
law, the last is the most recent and authoritative, be-
ing the product of preparatory work and negotiations
within the United Nations system.

Customary international law on water contains a
number of key principles. The most important of
these relate to the equitable and reasonable allocation
of shared watercourses; the avoidance of significant
harm; and the need for prior notification of any devel-
opment plans which could affect shared watercourses.

The most fundamental standard of international
law for allocating shared freshwater resources among
two or more States is that of equitable and reasonable
allocation. The International Court of Justice recog-
nized this in its 1997 judgment in the Gabcikovo-Nagy-
maros Project relating to the Danube River, when it
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referred to a State’s “basic right to an equitable and
reasonable sharing of the resources of an interna-
tional watercourse.” In stating this rule, the Court was
no doubt mindful of the 1997 UN Convention on the
Law of the Non-Navigational Uses of International
Watercourses, to which it referred several times in its
judgment and which embodies the rule of equitable
and reasonable utilization. This rule is also a corner-
stone of the Helsinki Rules and the Seoul Rules, re-
ferred to above.

It is notable that Israel has previously approved
the standard of the equitable allocation of regional
water resources. Thus, for example, the Declaration
of Principles includes a demand for the equitable uti-
lization of water (see Annex III, paragraph 1), and this
agreement remains binding upon the Parties. Israel
has also approved this general principle in other doc-
uments, including the tripartite Oslo Declaration on
water resources, and The Bahrain Environmental
Code of Conduct for the Middle East. As early as 1981
in an official response to the United Nations, the
Israeli Government stated the following with respect
to regional water resources: “Under international law
this principle of equitable distribution among ripari-
ans is a well-established right” (United Nations 1981).

The avoidance of significant harm is the second
most important standard arising from international
law relating to shared watercourses. The 1997 UN
Convention reflects that obligation (see Article 7 of
the Convention) as one of the general principles in
the field. It also figures in the Helsinki Rules of 1966
(in Articles V and X, being termed “substantial injury”
or “substantial damage” therein). The Bellagio Draft
Treaty on Transboundary Groundwater of 1988
referred to the need to “avoid appreciable harm” to
the groundwater of other States. Several other inter-
national legal instruments also contain such a provi-
sion. Article 40 [3] [b] of Appendix 1, Annex III to the
Interim Agreement notes the requirement for the Par-
ties to take “all necessary measures to prevent any
harm to water resources, including those utilized by
the other side.” This is important in the context of
the watercourses shared between Palestine and Israel,
as reflected by past accusations of each Party against
the other (in relation to potential pollution of the
aquifers, in particular).

The obligation of prior notification is the third
principle of importance arising from customary inter-
national water law. This requirement was included in
both the 1997 UN Convention (Part III, Articles 11–
19) and the Helsinki Rules (Article XXIX), although
in somewhat different forms. Article XXIX [4] of the

Helsinki Rules is particularly interesting, as it states
that a failure to provide prior notification will affect
the weight accorded to any change in the regime of a
drainage basin, when equitable and reasonable shares
are determined at a later time.

25.6 Reallocation and the Importance 
of the Transition Period

The three pillars of customary international water law
as discussed above are certainly of relevance to Israel
and Palestine, especially as the bulk of the water
resources in the region as a whole are international
watercourses, shared by two or more parties. It is
argued here that the existing water resources available
to Israel and Palestine should be reallocated, to com-
ply with the principles of customary international law.

However, it is most important to note that any
such reallocation of the regional water resources
would not have immediate effect, as the existing infra-
structure would not allow Palestine to abstract greatly
increased volumes of water, and would need to be de-
veloped over time following the agreement. This im-
plies that a transition period would exist following
any agreement to reallocate water based on the prin-
ciple of equitable and reasonable use. The most im-
portant aspect of the transition period is that Israel
would have sufficient time to further develop its own
water resources following the conclusion of a perma-
nent status agreement with Palestine. As a result of
this, the volumes of water available to Israel would
not necessarily be reduced by any such agreement.
This is of great importance to both Parties, and
should provide a key to their determination to reach
an equitable and reasonable allocation of the existing
water resources within the region.

25.7 Future Management of the 
Shared Water Resources

Once the equitable and reasonable allocation of the
available water resources has been agreed by Israel
and Palestine, the Parties will need to consider the
future management of the shared water resources.
Many authors have documented the historic misman-
agement of the available water resources in Israel and
Palestine. Examples of such mismanagement follow:

• Abstraction rates have commonly exceeded
recharge volumes in the shared aquifers, especially
during periods of drought. The Gaza sub-aquifer
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(which constitutes a geographical part of the
much larger Coastal Aquifer) has been particularly
heavily affected, with annual abstraction rates
presently averaging about 140 MCM/year, as
against recharge rates of about 60 MCM/year.
However, almost all the shared watercourses have
been subject to over-abstraction in recent years.

• At least in part as a result of such over-abstraction,
water quality has deteriorated in all the shared
aquifers over the last decade, with salinity intru-
sion being common, and contamination from ter-
restrial sources also occurring (especially in Gaza).

• The drought years of 1999–2002 were accompa-
nied by a very considerable reduction in the levels
of the aquifers and of Lake Tiberias (Kinneret),
this being evidence of the poor management of
the resources in relation to ensuring that abstrac-
tion rates match the previous rates of recharge.

• The Dead Sea has decreased markedly in both
level and size during the last two decades in partic-
ular, principally due to the abstraction of high
flows by Israel from Lake Tiberias, to feed the
National Water Carrier.

It is emphasized that the aquifers in particular are vital
resources for both Israel and Palestine in the future.
Their shared nature implies that both Parties have a
responsibility for their protection (and hence, for the
avoidance of significant harm to the other Party, as
noted previously).

The historic mismanagement of the shared water
resources cannot continue, if they are to be of accept-
able quality and are therefore to be of utility to the
Parties in the future. For this reason and to ensure
that any agreement on allocations is respected, it is
clear that the shared resources should be subject to
some form of joint management regime in the future.
In any such joint management scheme, the monitor-
ing of water supplies is of very considerable impor-
tance, as each Party has a duty of care to supply con-
sumers (and probably also each other, in the future)
with water of the appropriate quantity and quality.
The current level of monitoring effort in both Pales-
tine and Israel is insufficient to guarantee the safety of
consumers.

Both Parties will also wish to have access to data
on the water quantities utilized in the future, as part
of their efforts to manage the resources efficiently
and to ensure that the other side is adhering to its
rightful allocations from the shared watercourses.
This implies the need to install a comprehensive mon-
itoring network within the region, extending and rein-
forcing the monitoring systems used presently by ei-

ther Party. The installation of telemetry links at key
nodes in such a network would ensure that both Par-
ties receive real-time data on abstraction rates at criti-
cal locations, and this would serve to defuse future
disputes between the Parties. Any such monitoring
system should also extend to water quality parame-
ters, as both Parties have an interest in ensuring that
the water provided to end-users is of appropriate qual-
ity, and that ‘significant harm’ is avoided.

It is noted that none of these requirements is
unique to the region, and that the installation of a
comprehensive monitoring network to provide the ba-
sis for coherent water resource management is a facet
of all such systems in developed nations. With respect
to the aquifers, it is critically important that the Par-
ties introduce a system of management that matches
abstraction rates in any one year to the previous year’s
recharge rates. This will allow the sustainable use of
the available water resources, and should eliminate
the historic mismanagement of those resources.

25.8 Conclusions

The difficulty in ensuring a fair availability of water to
the Parties has been cited as a major impediment to
any future peace agreement between Israel and Pales-
tine. However, this need not be the case. While Israel
has resisted the demand for the equitable allocation
of the existing regional water resources, this is a re-
quirement of customary international water law,
which applies to Israel as to other states.

In reality, the equitable allocation of the regional
water resources would not disadvantage Israel, as new
sources of water (many of which are already under de-
velopment) could be utilized to supplant any volumes
allocated to Palestine under a permanent status agree-
ment. If this were to occur, both Parties would attain
water security, and this should clearly be the primary
objective for each side.

An enhanced management regime will be needed
in the future, both to improve the protection of the
shared watercourses and to ensure that the Parties
abide by the allocations to be determined through the
permanent status negotiations. Such improvements
are in any event required, to eliminate the historic mis-
management of the critical resources.
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Abstract

To achieve temporal economic efficiency for groundwater in a geographic region such as
the West Bank, we propose a management system that is a combination of a nonprofit
regional utility with a representative governing body. Water prices would be determined by
the utility to balance supply and demand and meet specific groundwater use limits. Reve-
nue from water pricing would provide funds for investments to expand supply through
water recycling and new technologies such as desalination. The desired levels of invest-
ment and security would be determined by a representative body of water users who
would express willingness to pay for these public goods. Simulation modeling indicates
that water prices could fall over time as investment and groundwater storage increase.
While a water market could improve spatial allocation, it would not necessarily address
sustainability or provide for investment.

Keywords: aquifer, management, pricing, sustainability, utility, water.

26.1 Introduction

The Mountain Aquifer which straddles Israeli and Pal-
estinian lands can be viewed as a commons that pro-
vides benefits to users over time and over the geo-
graphic area of the West Bank. Pumping beyond the
safe yield – the current situation – can destroy the aq-
uifer for all users. For such groundwater externalities,
some (Gisser/Sanchez 1980; Hampton 1990) have sug-
gested privatization: determination of property rights
followed by market solutions. Here, we argue for ex-
plicit management of the aquifer as a common prop-
erty, based on a hydro-economic model, and recom-
mend groundwater pricing as essential for appropri-
ate management.

A common property resource has physical charac-
teristics such that sustained use requires group, rather
than individual, decisions about management. For ex-
ample, for groundwater under scarcity conditions, if
each user determined withdrawals according to indi-
vidual maximum gain, then there would be destruc-
tion of the resource. In contrast, decision-making in a
commons would determine as a group how much
each user could withdraw to maintain the resource.
Ostrom (1990) discusses successful examples of man-
agement in a commons. Local water management dis-
tricts in the U.S provide examples of groundwater
management (Kenney 1997): local water districts man-
age water supplies for irrigation and domestic uses
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and fund local improvement projects through fees
and taxes.

Price incentives can be an important tool for com-
mon property management. For water (as for other re-
source situations), economists recommend price in-
centives to promote efficient use (Rogers 1993).
Pricing groundwater in water-short areas could im-
prove its allocation toward higher value uses, i.e. with
an adequate price, groundwater would not be applied
to low value field crops such as grains or cotton. Price
can be determined through a water market, but it can
also be determined administratively, as in the case of
water utility pricing. Although groundwater pricing
has recently been advocated, political pressure has
prevented its adoption except in rare cases. 

26.2 Background: West Bank and 
Mountain Aquifer

Cooperation is essential to improve the well-being of
both Israelis and Palestinians utilizing water resources
in the West Bank (US NAS/Royal Scientific Society of
Jordan/Israel Academy of Sciences and Humanities/
Palestine Academy for Science and Technology 1999).
Cooperative agreements about water already exist:
e.g. the Annex to the Israel-Jordan Peace Treaty for
water-related matters and the U.S.-Israel-Palestinian
Trilateral agreement to promote cooperative efforts
to increase the availability and more efficient use of
water resources. But these agreements need to be im-
plemented in the form of explicit management plans.

The Mountain Aquifer lies for the most part under
the West Bank. It is the source of about 30 per cent
of the fresh water supply in Israel and is the most im-
portant source of fresh water for Palestinians in the
West Bank (Isaac 1998). The aquifer is recharged from
rain; annual rainfall averages 600 mm per ha. The aq-
uifer can be divided into three major units: the West-
ern basin with a 350 mcm safe yield, the Northeastern
basin with a safe yield of 140 mcm, and the Eastern
basin with an annual 125 mcm safe yield. Evidence of
overexploitation is the decline in the water table of
0.3–0.4 meters per year.

Water use by Israelis and Palestinians exhibits
great disparity. The total annual average recharge is
615 mcm per year; from this, Israel uses about 490
mcm while Palestinians use about 125 mcm per year
(Isaac 1998). Per capita use is 300 cm per year in Israel
versus 70 cm in the West Bank. Further evidence of
disparity is the types of crops grown by each side (El-
musa 1996). Palestinians irrigate vegetables and fruits,

whereas Israelis irrigate mainly field crops such as
wheat and cotton; field crops have much lower value.
The Palestinian irrigated area per person is about one-
fourth that of Israel.

Any cooperative approach would require that this
disparity be addressed. One aspect would be a guaran-
tee for increased household water availability for Pal-
estinians, for example guarantee a level for household
water use of 100 cm annually. Note that any level less
than 500 cm per person is considered beyond the
“water barrier” (Clarke 1993: 67). 

Water pollution is a major concern with respect to
contamination of the aquifer. Pollution sources in-
clude chemical and industrial sources as well as raw
sewage; many Palestinian villages lack basic treatment
facilities. Improved treatment would both protect
groundwater and provide an additional source of wa-
ter. Currently, wastewater volume is about 45 mcm
per year. 

In the peace accords, Palestinians and Israelis have
agreed to manage common water resources jointly
(Elmusa 1996). The form that joint management
would take is then the issue (Eckstein/Zackai/Nach-
tom 1994; Haddad/Feitelson 1994; Committee on
Sustainable Water Supplies for the Middle East 1999).
The work of Haddad and Feitelson emphasizes admi-
nistrative needs for joint management, including mon-
itoring, planning, enforcement, and other manage-
ment activities. In their concept of joint management,
independent governance bodies for Palestinians and
Israelis would form a combined board and carry out
needed activities through a secretariat. However, their
work does not address economic organization and
institutions.

26.3 Alternative Institutions for Water 
Pricing

The water market approach for Middle East problems
is of continuing interest (Fisher 1995; Becker/Zei-
touni/Schecter 1996). Previous studies have investi-
gated the implications of potential water market trad-
ing and valuation. Spatial optimization for the West
Bank shows that an additional 100 mcm should be di-
verted to the Palestinians; modeling implies an equilib-
rium water price of about 40 cents/cm with a shadow
price of about 80 cents/cm (Zeitouni/Becker/Schech-
ter 1994). Similarly, Fisher (1995) found that: “the
value of the water in dispute among the parties is not
great. Using a liberal estimate, it is currently a maxi-
mum of $ 110 million per year and will rise to a maxi-
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mum of less than $ 500 million per year by 2020. Such
values are small compared with the economies
involved ... compared with the cost of military equip-
ment” (Fisher 1995: 386). 

A water market could improve water allocation,
but it would not provide for large scale investment
needs of wastewater treatment and new technologies.
Water quality and security are public goods that are
not valued by a market.

West Bank water management could follow the
pattern of a water utility. A water utility sets prices for
water. A utility maintains a production and distribu-
tion system for a local service area, makes plans for fu-
ture conditions, and finances investment through user
revenues. A water utility does not own the water it
manages. There is a contractual arrangement with ci-
tizens for whom water is managed. 

Some have proposed that because of the political
situation in the West Bank and the lack of trust
among parties, water management should be carried
out by a private utility. While there is much experience
with successful privatization of water utilities, for ex-
ample in France, there is no guarantee that a profit-
oriented private utility would carry out needed large
scale investments for water supply and improvements
in pollution prevention.

This paper makes the argument that a nonprofit
public utility is an appropriate type of organization to
achieve temporal efficiency in water management.
The basis is the comparison of decision-making by a
nonprofit utility with the conditions required to solve
the inter-temporal planner problem for groundwater. 

26.4 The Inter-Temporal Planner 
Problem

The planner problem – described by a hydro-eco-
nomic model – concerns inter-temporal economic ef-
ficiency: the planner seeks optimal water withdrawal
rates and investment rates such that no reallocation of
withdrawal and investment would yield a higher level
of welfare in every time period. In the language of op-
timal control theory, the control variables are ground-
water withdrawal rates and investment in water supply
technologies (recycling and new). The objective func-
tion is the total social value (discounted over time) re-
sulting from withdrawal and investment decisions.
State variables are water utilization, net consumption,
a measure of water security, and water quality. 

Constraints for the dynamic system are: 

1. groundwater stock is determined by rain and with-
drawals; 

2. total demand for households and for production
requirements is equal to total supply (withdrawal,
surface water, recycled supply, and supply from
new technologies); 

3. net consumption is production minus costs of
investment and variable cost of supply; 

4. variable cost is specified in terms of withdrawal
cost, recycling cost, new technology cost, and sur-
face cost; 

5. there is a minimum guarantee for per capita water
use; 

6. the storage level should not fall below the ‘safe’
level. 

Dynamic optimization provides a guideline for price-
setting rules. The economic price of water is associ-
ated with achieving demand-supply balance. The
shadow price of groundwater withdrawal is deter-
mined by value of future groundwater uses. Pricing
rules are as follows:

1. Groundwater price should be the shadow price
plus variable cost of withdrawal. 

2. For each non-groundwater source, price should
equal marginal cost (short term variable cost plus
annual investment cost). Thus, optimal allocation
across supply sources should result in equality of
marginal costs. 

3. The same price should be placed on surface,
ground, recycled, and new technology sources.

26.5 Decentralized Organization for 
Inter-Temporal Economic 
Efficiency

An organizational structure satisfying the inter-temporal
optimization problem has consumers and producers
operating in spot market and a public utility making in-
ter-temporal decisions. (The organizational structure is
called decentralized because information about house-
holds and producers is private.)

Water use decisions by households and producers
would be made myopically in each time period given
appropriate water prices. Producers (agricultural and
industrial) would choose water use each time period
according to value of output relative to water prices.
Households would determine water demand given
the water price. Households would also pay fees to
the utility for its maintenance of water security and
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water quality. Fees and prices could vary for different
types of households. Because security and water qual-
ity are public goods, the sum of personalized prices
would reflect the social value for each public good.
Social values could be determined from expressions
of household willingness to pay. 

The public utility would make supply and invest-
ment decisions inter-temporally subject to hydrologic
and rainfall conditions to meet demand each period.
Each period, the utility would receive revenue not
only for water supply but also for maintaining water
security and water quality. The utility would set water
prices to satisfy zero economic profit, subject to re-
view by a regulatory body. Surface uses, groundwater
withdrawal, recycling, and new sources would all have
the same price. The public utility would also have to
satisfy the household water guarantee.

The proof of the efficiency of this decentralized
economic organization follows the paradigm of the
‘first theorem of welfare economics’. Comparing first
order conditions necessary for optimality in both the
planner and decentralized problems, the efficiency
conditions for inter-temporal efficiency will be satis-
fied by the decentralized problem. Feasibility of net
consumption is implied by the zero profit condition.
Thus, it is possible to find a feasible, efficient solution
for groundwater management through the decentral-
ized organization with a public utility, provided con-
sumers and producers have the right prices. 

26.6 Social Organization for Common 
Property Management

The needs of common property management of
groundwater problems require more than an eco-
nomic approach. First, because water security and wa-
ter quality are public goods, their social values (or
tradeoffs between private and public goods) must be
determined. While measurement of willingness to pay
can help to determine social values, social decisions
(implying value tradeoffs) should also be made in a
public arena. There is also a need to determine the ap-
propriate discount rate, a matter of inter-generational
equity. Issues of fairness also require social resolution.
Thus, there is a role for social organization beyond
the economic organization described above.

Perceived justice and equity are considered among
the most important criteria for success of a group
process (Mikula 1980). Two characterizations are: rule
fairness (or procedural justice) and outcome fairness
(or distributive justice; Zajac 1995). Since any proce-

dure originally perceived as fair can lead to an out-
come distribution that seems unfair, social organiza-
tion should include procedures to adjust for any
perceived fairness problems. For example, water rate-
setting should be subject to review by water user rep-
resentatives. 

According to mediation theory, the perception of
a common ground in framing a group process can be
important for its success. A common ground exists
whenever the participants in a decision-making proc-
ess experience shared commitment to cope with
problems or issues (Gray 1989), such as sustainable
water management. If group members place a value
on a successful group outcome, they may be willing to
relax pure self interest, and hence a group outcome is
possible in spite of individual differences. Social psy-
chologists have shown that when participants with dif-
ferent values can openly discuss their diverse view-
points in the decision process, they can become more
committed to any decision eventually reached
(Moscovici 1994). 

26.7 Conclusions

The final status talks between the Israelis and Palestin-
ians must settle questions of equitable allocation of
water rights for resources common to both sides and
joint management of these resources (Elmusa 1996).
Important questions to be resolved are, what does
joint management mean and how close will the level
of cooperation be? The hydro-geologic system for the
Mountain Aquifer cannot be divided, and water con-
tamination from any source would affect water supply
for both Israelis and Palestinians. Thus, essential for
groundwater sustainability is that eventually there be
true cooperation between Israelis and Palestinians in
the management of the Mountain Aquifer.

This chapter addresses what form economic or-
ganization should take, given the joint will to cooper-
ate. The economic organization of a nonprofit water
utility making investment and withdrawal decisions
and applying appropriate pricing rules, together with
domestic users and producers operating in a ‘spot’
market, satisfies conditions for inter-temporal effi-
ciency. To the economic organization social structures
must be added to determine social values and adjudi-
cate issues of fairness. water markets and private utili-
ties could not provide these requisite social manage-
ment elements. 
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Abstract

This study examines the feasibility of cooperation and of joint wastewater-treatment
plants (WWTP) and municipal solid waste (MSW) landfills to be shared by Israeli settle-
ments with the Palestinian population in the West Bank. Five feasibility factors were
weighed: geographical and environmental considerations, technical aspects, institutional
factors, financial options and political constraints.

The geographical and environmental considerations involve the spatial arrangement of the
Israeli settlements and the Palestinian population in the West Bank as well as attendant
environmental issues. The technical aspects are related to the differences in environmental
and technical capacities and an evaluation of if, and how, these technical differences can
be bridged. The institutional factors were examined in the light of the existing institutional
framework and how it might function in the agreements between the parties. The financial
issues were explored in the context of the present situation regarding the financing of such
projects by both parties and how these arrangements can be applied in a cooperative man-
ner. The political constraints, which are viewed by the parties as the most challenging,
were examined in light of the parties’ political views as they relate to environmental coop-
eration. Five case studies between Israelis and Palestinians are described.

The chapter, which explores cooperation for the prevention of pollution of the shared
mountain aquifer, has reached the conclusion that cooperation exists between Israeli set-
tlers and Palestinians even though some political and institutional factors do not support
cooperation. This cooperation stems from geographical, environmental and technical con-
straints, and overcomes financial constraints. Local initiatives are the main facilitator to
cooperate rather than organized, national initiatives. They are not a result of the urgent
need to prevent potential and actual pollution to the shared aquifer. This cooperation can
be extended as political constraints change in the future.

Keywords: Israeli settlements, joint infrastructure, landfills, Palestinians, West Bank,
WWTP.
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27.1 Introduction

Cooperation between Palestinian and Israeli settle-
ments in the West Bank regarding wastewater treat-
ment and solid waste disposal facilities has not yet
been the subject of an in-depth study. This is appar-
ently due to the notion that cooperation between the
parties is not feasible because of political factors.
However, the danger to the joint mountain aquifer is
very real (Gvirtzman 2002; Tagar/Keinan/Bromberg
2004), and requires extensive attention, especially re-
garding the promotion of an environmental infra-
structure in order to protect the aquifer from pollu-
tion.

The mountain aquifer contributes about 600 mcm
(million cubic meters) of water per year to the local
water supply (Gvirtzman 2002), which is essential to
the populations of Israel and the Palestinian Authority
(PA). The aquifer lies along the main ridge of moun-
tains of the West Bank and is vulnerable to pollution
of many kinds due to its pervious nature and the den-
sity of human activities along the top of the aquifer
recharge area. This prevents recharge and creates pol-
lution from sewage, industrial wastewater and solid
waste leach ate (Gvirtzman 2002). Most of the moun-
tain aquifer recharge area is located in the West Bank,
where multiple types of jurisdiction apply, requiring
various types of regulation, which will prevent pollu-
tion of the aquifer. 

27.2 Methods

Feasibility of cooperation was examined in the con-
text of five feasibility factors: 

1. Geographical and environmental factors such as
geography, population data and density, spatial
arrangement and heterogeneity of Palestinian and
Israeli populations’, watersheds, aquifer sensitivi-
ties, nature, environmental problems caused by
Palestinians and Israelis in their territories as well
as the extent and severity of pollution. 

2. Technical factors related to cooperation, mainly
whether technical gaps and standards exist, if they
present a significant obstacle to cooperation and
how technical gaps and differences in standards
can be bridged in future cooperation.

3. Institutional factors related to the agreements
between both parties, such as which institutions
have been established? Do they facilitate coopera-
tion? Have they promoted cooperation in the last
few years of functioning and can their structure

and mode of operation encourage cooperation
between Palestinians and Israeli settlements?

4. Financial factors such as the financial arrange-
ments each party has made to fund environmental
infrastructures, the financial arrangements in exist-
ing cooperation in the West Bank and other
arrangements that can be applied for any future
cooperation in any cooperation mode.

5. Political factors related to forces that have influ-
enced existing and past cooperation, as well as the
magnitude of this factor in a future cooperation. It
also deals with the parties views and will for coop-
eration and what are their political attitudes
towards pollution prevention in the West Bank. 

Each factor was examined in the context of the situa-
tion in the West Bank and in light of whether this sit-
uation enables and/or favors future and existing coop-
eration, and the driving forces that facilitate this
cooperation. In addition, the conclusions relate to the
question of whether cooperation between Palestinians
and Israeli settlements can benefit the state of the en-
vironment and prevent pollution in a more efficient
and effective manner.

Data were collected from governmental agencies
in Israel, scientific literature, two Israeli Environmen-
tal Protection Associations (Judea and Samaria) that
operate in the West Bank and deal with the environ-
mental issues of 23 Israeli settlements and municipali-
ties. In addition, interviews were conducted with Pal-
estinians and Israelis practitioners involved in
environmental institutions and environmental man-
agement in the West Bank.

27.3 Results and Discussion

27.3.1 Types of Cooperative Programs

There are four potential types of environmental coop-
eration in the West Bank between Palestinians and
Israeli settlements, arranged below in descending
order of the level of cooperation:

1. Joint infrastructure: Palestinians and Israeli settle-
ments use a joint infrastructure that is equally
owned by the two parties or built by a private
company with the two parties’ consent, with envi-
ronmental services provided equally to the parties:
This kind of cooperation does not exist between
Palestinians and Israelis in the West Bank. Nor
does it exist between Palestinians and Israelis that
live outside of the West Bank.
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2. Joint use of one of the parties’ infrastructure; both
parties use the infrastructure belonging to one of
the parties. The side receiving services from the
other party’s infrastructure pays for the services
rendered in accordance with an agreement
between the parties or without such agreement.
This mode of cooperation exists, but is uncom-
mon between Palestinians and Israelis in the West
Bank.

3. Sharing operation activities/costs: Both parties
use the infrastructure belonging to one of the par-
ties. The party that receives services from the
other party’s infrastructure pays for the services by
providing the operating side with work force and/
or machinery and/or materials. This mode of
cooperation can be found in some instances in the
West Bank where Palestinians use Israeli infra-
structure without any agreement signed between
the parties. 

4. No cooperation – separate infrastructures. 

27.3.2 Geographical and Environmental 
Factors

The total area of the West Bank covers approximately
5,600 square kilometers (2,160 square miles) exclud-
ing the Jerusalem annexation. About 2.1 Million Pales-
tinians live in this area (UNDP 2004); 40 per cent in
8 cities and 60 per cent in approximately 500 villages.
The Israeli population consists of 240,000 Israelis liv-
ing in 120 community settlements and cities (data
from Israel Ministry of the Interior). Hence, the pop-
ulation density of Palestinians and Israelis in the West
Bank is about 418 people per square kilometer, much
higher than that of Israel and the Arab states. None of
the population is concentrated in a particular area of
the West Bank and the spatial heterogeneity is very
high. Figure 27.1 shows the spatial arrangement of Pal-
estinians and Israelis in the West Bank.

Watersheds and the water divide are shown in fig-
ure 27.2. No part of the population dwells exclusively
on any of the watersheds and/or on either side of the
water divide. Both populations contribute to the pol-
lution of dry streams on both sides of water divide.
About 75 per cent of Israeli sewage is treated in
accordance with Israeli standards and only one Pales-
tinian city, the city of Al-Bireh, treats its sewage
according to these standards. The city of Bethlehem
disposes of its western watershed sewage by allowing
it to flow into the Western Jerusalem WWTP. The rest
of the Palestinian sewage is poorly treated (Tagar/
Keinan/Bromberg 2004).

Figure 27.3 shows the spatial arrangement of the
MSW dumpsite of industrial waste, construction and
demolition waste in the West Bank (Environmental
Protection Association Judea 2004; Environmental
Protection Association Samaria and Jordan Valley
2004). Some of these dump sites contain hazardous
waste, and are created due to poor waste disposal
management and treatment in the Palestinian sector.
Most of the Israeli waste is disposed of in well-organ-
ized and properly managed landfills that accept Pales-
tinian MSW from the vicinity. Figure 27.3 also shows
aquifer sensitivity to pollution. Most dumpsites are lo-
cated on the most sensitive parts of the West Bank
and pose a serious pollutant threat to the mountain
aquifer. 

In these geographic conditions, where both popu-
lations live in close proximity to one another, and
where there are serious threats of pollution, there is
an advantage, from a planning aspect, to the establish-
ment of joint infrastructure for wastewater collection
and treatment as well as for waste disposal sites.
Moreover, in conditions of high population density, it
is important to preserve as many open spaces as pos-
sible and utilize land resources as efficiently as possi-
ble. Land is needed for infrastructure as well as for
pipelines and buffer zones. Joint infrastructure can
save a large amount of valuable and scarce land for
other uses, such as nature and the conservation of
open spaces.

27.3.3 Technical Factors

Israel ranked 22 in the Human Development Index
(HDI) of the United Nation Development Program
(UNDP 2003). The Palestinian Authority is not listed
in the Human Development Report, but it may be as-
sumed that the Palestinian Authority would be ranked
in the area of the average Arab state, at around HDI
110. Other analyses, such as the Technology Achie-
vement Index (UNDP 2001), show that the technolog-
ical gap between Israel and the Palestinian Authority
is significant.

The question is whether technological gaps
present an obstacle to cooperation in environmental
solutions or in the planning and construction of joint
environmental facilities. It can be argued that techno-
logical gaps are unlikely to create problems in cooper-
ation. First, in the reality of environmental degrada-
tion in the West Bank, attaining high standards is less
important. A WWTP that attains 30 or 40 mg/l BOD
effluent is much preferable to having raw untreated
sewage that can pollute the aquifer. Second, the do-
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nor countries plan and build environmental facilities
for the Palestinian Authority. They usually adopt Euro-
pean standards. In cases of disparities in standards, a
compromise can be achieved so that Israel can meet
its old standards (prior to standards upgrade) and do-
nor countries can fund facilities to meet those stand-

ards. Third, if cooperation is based on Israeli facilities
or facilities built by international companies, techno-
logical gaps are not likely to undermine cooperation
and environmental quality.

Figure 27.1: Spatial Arrangement of Palestinian and Israeli Settlements in the West Bank. Area A – Full Palestinian
Military and Civil Control, Area B – Full Palestinian Civil Control and Israeli Military Control, Area C – Full
Israeli Civil and Military Control (the Rest of the West Bank). 
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27.3.4 Financial Factors

Most of the Palestinian environmental infrastructure
facilities are funded by the donor countries, mainly
EU countries, the U.S.A. and Japan. Operation and
maintenance are rarely financed by donor countries.
Israeli projects are funded by Israeli local govern-
ments with assistance from the Israeli Government. In
most cases of WWTP implementation, Israeli munici-
palities enact by-laws for the establishment of levies
and fees to cover the cost of wastewater collection,
conveyance and treatment. Municipalities borrow the
funds needed for WWTP implementation from the

government and pay it back by collecting the fees and
levies from the citizens. Landfills are also funded by
municipalities, either by municipal corporations or
private entrepreneurs who build the landfill for busi-
ness purposes. There is no Israeli policy for the fund-
ing of joint infrastructures, but municipalities are free
to provide services to the Palestinians. In the past,
prior to the Interim Agreement when the Civil Ad-
ministration was in charge of the Palestinians’ civil ac-
tivities and services, there was a tendency to pay Is-
raeli facilities for the services they provided to
Palestinians. Similarly, there is no Palestinian policy to

Figure 27.2: Main Streams and Watersheds in Israel and in the West Bank. Source: Israel Water Commission. 
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finance joint projects, and hence the donor countries
prefer to fund unilateral projects.

Joint projects entail considerably lower costs than
unilateral ones because of the economy of scale and

greater efficiency in planning, without considering po-
litical and fiscal constraints. For example, conveyance
lines would be shorter in a joint WWTP and collect
from more customers, and the cost per cubic meter of

Figure 27.3: Unregulated Waste Dumpsites in the West Bank and Mountain Aquifer Recharge Area Sensitivity to
Pollution. Source: Environmental Protection Associations Judea and Samaria.
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treated wastewater would be lower than that of two
plants operating at a lower capacity. The example of
Salfit-Ariel WWTP below presents a case study.

27.3.5 Institutional Factors

The Israeli-Palestinian Interim Agreement on the West
Bank and the Gaza Strip, signed in Washington, D.C.
on 28 September 1995 (Israel Ministry of Foreign Af-
fairs 2004) determines the institutional framework for
environmental management between Israel and the
Palestinian Authority without distinguishing between
Israeli settlements within the Green Line and Israeli
settlements on the West Bank. In Article 12 of Annex
3 of the agreement, the two sides state their commit-
ment to mutually safeguard the quality of the environ-
ment in the West Bank. Most of the article is declara-
tive and the only institutional element in the
agreement is the decision to establish an Environ-
mental Experts Committee (EEC) in subsection 22 of
Article 12. However, no institution was established to
implement the obligations that the two parties took
upon themselves regarding the coordination, cooper-
ation and auditing of the operational steps in the
agreement. Concurrently, the EEC, being a commit-
tee of experts rather than a management institution
did not meet frequently (two times a year on average)
and has not convened since the last quarter of 2000,
when the hostilities between the parties began.

The water and sewage section in Article 40 of An-
nex 3 of the agreement is much more elaborate and
detailed in comparison to Article 12. It stipulates re-
sponsibilities, quantities, timetables for implementa-
tion and cooperation in the supply of water as well as
protection from pollution. In subsections 11–15, the
two parties define the goals, functions and structure
of the Joint Water Committee (JWC). According to
these definitions, the JWC is supposed to deal with: 

1. Coordinated management of water resources and
of water and sewage systems;

2. Protection of water resources and water and sew-
age systems;

3. Exchange of information relating to water and
sewage laws and regulations; 

4. Overseeing the operation of the joint supervision
and enforcement mechanism; 

5. Resolution of water and sewage related disputes; 
6. Cooperation in the field of water and sewage, as

detailed in this Article;
7. Arrangements for water supply from one side to

the other; 

8. Monitoring systems;
9. Other issues of mutual interest in the sphere of

water and sewage.

In addition, the two parties established a Supervision
and Enforcement Mechanism. The role of the Joint
Supervision and Enforcement Teams (JSET), estab-
lished under the agreement is to supervise and
enforce the implementation of the agreement.

A special subsection of Article 40 is dedicated to
the cooperation between the two parties. Inter alia
“Cooperation in the promotion and development of
other agreed water related and sewage-related joint
projects, in existing or future multi-lateral forums”"
(subsection 20d). The agreement does not specify the
type of joint projects and where they should be imple-
mented. One can construe this subsection as being
applicable to joint projects involving Israeli settle-
ments in the West Bank and Palestinian municipali-
ties. Indeed, in some cases, the Israeli side of the JWC
demanded that some of the projects, in which there
were salient advantages in cooperation, would be im-
plemented jointly. According to the Palestinians, this
demand has delayed the implementation of some
projects. However, this study found that no unilateral
Palestinian projects were implemented up to Novem-
ber 2004, including projects that Israel did not de-
mand to implement jointly.

The JWC has convened regularly since it was
founded. Moreover, there is an understanding be-
tween the two parties to the JWC that the JWC
should carry on its work notwithstanding the hostile
events that began in September 2000 and that the wa-
ter issue should be above the political constraints dic-
tated by the hostile events. However, despite the man-
agement role specified for the JWC in Article 40, the
JWC has not dealt with water and sewage issues in
that sense. The role of the JWC has been confined to
coordination and exchange of knowledge and data.
The JWC has not managed to initiate and/or imple-
ment joint projects. The reason seems to be the con-
siderable sensitivity the two parties ascribe to water is-
sues and the inevitable linkage of water issues to
higher politics. 

27.3.6 Political Factors

Political constraints are the main obstacle to the im-
plementation of joint infrastructures. Even before the
ongoing violent events in late 2000, there was little
feasibility for cooperation on any official project be-
tween Palestinians and Israeli settlements on the West
Bank. The Palestinian stance, clearly reflected in inter-
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views and talks with Palestinians, is that they do not
recognize Israeli settlements as legitimate. Therefore,
cooperation on any issue with settlements is not pos-
sible, since cooperation implies recognition. Many of
the interviewees expressed emotional attitudes and
some of them pointed out that cooperation with set-
tlements could be life threatening for them. Fighting
and opposing Israeli settlements is official Palestinian
Authority policy. Under this policy, cooperation with
the settlements is prohibited. The Palestinians’ ap-
proach has been adopted by the donor countries,
which promote environmental solutions for environ-
mental hazards in the Palestinian sector in the West
Bank. Most of the Palestinian interviewees agreed
that cooperation could promote environmental solu-
tions and prevent pollution of the joint aquifer, but
also expressed their opinion that cooperation be-
tween Palestinians and Israeli settlements was out of
the question. 

The Israeli standpoint, which is well rooted in the
Israeli policy and shared by all principal Israeli players
in the environmental and water sectors, is that coop-
eration is essential for promoting environmental solu-
tions in order to prevent pollution of the joint moun-
tain aquifer. Israel has expressed this view in the JWC
and demanded to implement joint infrastructure in in-
stances where it is more effective and environmentally
wise. The settlements’ representatives are willing to
cooperate with their Palestinian neighbors and claim
that in many cases cooperation and joint infrastruc-
ture are much more efficient, particularly regarding
the use of treated effluents that settlements can share
with the Palestinians for agriculture irrigation. Moreo-
ver, Israel supports the implementation of joint infra-
structures as soon as possible because of the urgency
of discontinuing the recharging of the aquifer with
wastewater.

27.3.7 Examples of Cooperation between 
Palestinians and Israeli Settlements

27.3.7.1 Al-Bireh WWTP: Palestinians Providing 
Service to Settlements

The only example so far of a WWTP planned and
built by a donor country is the Al-Bireh WWTP (cur-
rently, Germany is upgrading the Ramallah WWTP
and the planning of the Salfit WWTP is in the final
stages). Cooperation was defined in the planning
process prior to the signing of Oslo B Interim Agree-
ment and before the agreement’s new administrative
division. It was pre-defined in the WWTP master plan
that two Israeli settlements would use this WWTP for

their sewage treatment. Implementation of the
WWTP occurred after the signing of the agreements
in a new administrative division and the existence of
the Palestinian Authority. 

Connecting the Israeli settlements of Psagot and
Kochav Yaakov was part of the planning and made
sense geographically. Psagot had already been con-
nected to Al-Bireh’s main sewage pipe that took all of
Al-Bireh’s sewage to a dry stream prior to the imple-
mentation of the WWTP. Kochav Yaakov is situated
very close to the WWTP and was connected after the
implementation. Technically, the Al-Bireh WWTP op-
erates according to the pre-defined standards and pro-
duces effluents in accordance with Israeli standards.
The precise amount of Israeli wastewater treated in
the Al-Bireh WWTP is unknown but calculating it by
population size shows that the percentage of Israeli
wastewater does not exceed 5 per cent.

27.3.7.2 Tovlan Landfill: Israelis Providing 
Services to Palestinians 

The Jordan Valley Israeli settlements use the Tovlan
landfill for the disposal of their MSW. The landfill is
located near Route 90, close to the Damia Bridge. In
late 1999, the city of Nablus asked the Environmental
Protection Association (Samaria and the Jordan Val-
ley) to assist the city in finding a proper disposal site
for its MSW. The request came as a result of the air
pollution created by the burning of waste in the Nab-
lus dumpsite near Balata, and inhabitants’ protests
and demand to shut down the burning site. The Nab-
lus municipality was invited to use Tovlan Landfill,
although not regulated at the time was operated prop-
erly by the Jordan Valley Regional Council. No water-
pollution hazards resulted from it. The Nablus munic-
ipality paid for the service both with money and by
supplying some heavy machinery for the site's opera-
tion. The site has been extensively upgraded and oper-
ation was started by a private Israeli entrepreneur as a
fully regulated landfill in early 2004. 

27.3.7.3 Kana Regional Wastewater Collection 
Project: Jointly Implemented Israeli 
Project 

The Kana Stream regional wastewater collection
project collects wastewater from 11 Israeli settlements
in western Samaria between Nablus and Qalqilyah.
The Kana Stream, a fresh water stream, one of the
main tributaries of the Yarkon River and an area sen-
sitive to pollution, was polluted by wastewater coming
from the settlements. The pipeline along the stream
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and the connected pipelines from each settlement
were initiated for the transport of the wastewater of
all 11 settlements to a WWTP located to the west of
this area, near Nir Eliyahu, west of Qalqilyah. Israel al-
located funds to construct a ready-made outlet in or-
der to connect each of 13 adjacent Palestinian villages
in the watershed, none of which has a sewage collec-
tion system in the village. The Palestinians acknowl-
edged the need for a regional project in that area. An
understanding was reached between a highly placed
Palestinian Authority official and the local Israeli En-
vironmental Protection Association regarding the im-
portance of the project. Laying the pipeline and con-
necting pipelines and outlets for Palestinian villages
was completed in early 2004. There was no interfer-
ence with the workers or machinery, which operated
on the site throughout the entire construction phase
thanks to the understanding that this project would
be implemented to the benefit and best interests of
both sides. The future treatment of the Palestinian vil-
lages’ sewage, once a collection system is built, will
rely on the Kana Stream joint system.

27.3.7.4 Al-Bireh-Psagot Landfill: Cooperation 
With Settlements

Al-Bireh disposed of its MSW in a dumpsite located
on the eastern side of the town near the settlement of
Psagot. The continual burning of the waste created a
severe nuisance for the inhabitants of both Al-Bireh
and Psagot. In September 2000 the Israeli army
closed the site to Al-Bireh, which subsequently ap-
pealed to the Israeli High Court of Justice. The site
was reopened as a result of court’s involvement, and
an agreement was reached between the settlements
and Al-Bireh under the auspices of the Civil Adminis-
tration, the World Bank and two donor countries,
Germany and Japan. The agreement was based on a
commitment by the Japanese government to provide

400,000 to temporarily upgrade the site for 3 years,
contingent on German funding for a new landfill. In
practice, the parties established a steering committee
made up of representatives of the Israeli Ministry of
the Environment, the Civil Administration, the Al-Bi-
reh municipality, the Israeli Benjamin Regional Coun-
cil and the Environmental Protection Association.
The site has been operated under the supervision of
the committee to the benefit of both parties at a time
of war between them.

27.3.7.5 Ariel-Salfit WWTP: Politics Hindering 
Cooperation

Ariel, an Israeli town of 20,000 inhabitants, and Sal-
fit, a Palestinian town of 9,000 inhabitants, need to
treat their wastewater. They are both located in the
same watershed, which is sensitive to organic pollu-
tion. Ariel has an existing WWTP that has exceeded
its capacity and is currently malfunctioning. It is not
possible to upgrade it at the existing site due to lack
of available land. Germany has planned a new WWTP
for Salfit and Israel has planned a joint WWTP for Ar-
iel and Salfit. 

Planning data show that an increased capacity joint
WWTP for Ariel and Salfit would have better quality
effluent and cost less than a unilateral WWTP. In
spite these convincing data, the German government
has begun implementing the unilateral WWTP. Israel
initially insisted on implementing the joint plant but
later backed down, taking into consideration the Pal-
estinian opposition and the urgency of implementa-
tion. 

27.4 Conclusions

Most of the feasibility factors support cooperation.
Political constraints have been the main obstacle to
cooperation as are some institutional factors that can
be altered in the future. Unfortunately, even on issues
in which there is willingness to cooperate on both
sides to cooperate, institutional factors hamper it.
Given the political constraints, a joint infrastructure,
to be built and operated by one of the donor coun-
tries or by an international private entrepreneur, can
promote environmental quality and the improved
treatment of solid waste and wastewater for both pop-
ulations in an efficient and effective manner.

Table 27.1: Planning Data of Joint WWTP for Ariel and
Salfit by Israel Compared to Planning Data of a
Unilateral WWTP for Salfit by Germany.

WWTP 
capacity 
(inhabi-
tants)

Effluent 
quality 

(Mg/Liter)

Cost 
(€)

Share of 
German 
govern-

ment (€)

Joint 
WWTP

60,000 10 BOD, 
10 TSS

7.5 
Million

2.5 Million

Unilateral 
WWTP 
for Salfit

20,000 20 BOD, 
30 TSS

10 
Million

10 Million
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All existing instances of cooperation between Pal-
estinians and Israeli settlements are on the local level.
Most are initiated by Palestinians to solve existing en-
vironmental problems and some come about by de-
fault, where the existing geographical and environ-
mental conditions dictate cooperation. These in-
stances of cooperation have occurred notwithstand-
ing the political constraints and violent clashes.
Governmental initiatives, if any such initiatives are
launched, are doomed to failure. Therefore, local ini-
tiatives must be encouraged in order to prevent aqui-
fer pollution.
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Abstract

Despite the surface tension over Palestinian terrorism and Israeli security methods, the
peace process is ultimately hinged on many long-term considerations. With the recent po-
litical transformations in the region and efforts for peace between Israelis and Palestinians,
water remains to be a strongly regarded priority, as well as a mutual dilemma. The impor-
tance of water access and control is at times concealed by its low-key political stature in
comparison to the human security agenda of Israelis and the political rights of Palestini-
ans. The perception that water is of lesser importance than security and justice is in itself
a threat to the overall peace process, and the possibility of a future Palestinian state. The
strategic control of water resources between Israel, the West Bank, and the Gaza Strip have
geopolitical implications tied to nearly every aspect of the current political situation. Israeli
settlements in the occupied territories, the refugee population, Palestinian living condi-
tions, and the separation wall – along with its actual location and route – all have linkages
to the access, control, and quality of water resources; this is by no means a complete list.
The strategic control of water resources by either side in the West Bank and Gaza Strip
will determine the future viability of any Palestinian state. Palestine’s weak socio-economic
maturation due in part to limited water access is a testament to its importance for success
in agriculture, industry, health, and human development. The current heading towards an
Israeli imposed unilateral peace will only further the control of water in the region, and
calls into question the very viability of a Palestine for Palestinians.

In its current form, this chapter is explicitly in its theoretical stage. The ideas provided
require the backing of primary source data the authors plan to collect in future trips to
Israel. The interest is to expose it to the criticisms and suggestions of others interested in
understanding the geopolitical realities of the Israeli Palestinian conflict, and, as such,
being able to provide recommendations and solutions to bring about its conclusion. In the
absence of the requisite data, satisfying Israeli water security demands, through an under-
standing of the security paradigm shift, will be demonstrated by identifying the relation-
ship between the neorealist definition of the international system, and Israeli strategic cul-
ture. The specifics of the water crisis facing Israel will be provided, as will the links
between water, the construction of the security fence, and settlement locations. Finally,
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the chapter will conclude on the effects of water scarcity and the viability of a future Pal-
estinian state.

Keywords: Geopolitics, Water Resource Conflict, Israeli-Palestinian Conflict, Separation
Wall, West Bank

28.1 Introduction

At the Paris Peace Conference of 1919, Chaim Weiz-
mann set clear his vision of a viable Israeli state. He
believed that it was crucial to control water resources
to the nsure the longevity of the Jewish state, claiming
it “of vital importance not only to secure all water re-
sources already feeding the country, but also to con-
trol them at their source.” Implicit in this demand
were the lines defining the borders of Israel, and set
to include the Litani, Upper Jordan, and Yarmuk riv-
ers. Without these bodies of water, Israel could never
be economically independent (Lonergan/Brooks
1994).

Today’s geopolitical reality makes Weizmann’s de-
sires unrealistic, as it does so for the framework laid
out by the Oslo accords and the Road Map. President
Bush and Arial Sharon made this clear when they
spoke to the press on 14 April 2004. Yet, the status
quo is itself an unacceptable solution for both sides.
The final peace will be shaped by these changed real-
ities, and as President Bush stated, no matter how un-
fair or illegal under international law, it is unrealistic
to expect a return to the armistice lines of 1949.

Ariel Sharon’s disengagement plan is set to mould
that final peace, and, although regrettable for some, it
realistically takes into account regional power struc-
tures. Understandably, it will be a peace on Israeli
terms. In this framework of an Israeli peace, the prin-
ciples echoed by Zionists like Weizmann, while impos-
sible to retain in their entirety, will be enshrined. Re-
taining Gaza, the Golan Heights, and the West Bank
has become politically impossible and costly. In the
case of the territories Sharon has made this especially
clear. Yet it would be suicidal for the state of Israel to
withdraw entirely from these swaths of land. Access
to water is crucial for the sustainability and growth of
the Jewish state, and the ability to exploit water re-
sources is inextricably linked to the control of land.
Thus, as Sharon pilots his disengagement proposal,
there are tracts of land that Israel will never withdraw
from, for the explicit purpose of retaining control
over water. 

28.2 Importance of Water

While many parts of the world are only beginning to
feel the pressures of water scarcity, access in the Mid-
dle East has, for a while now, been a matter of con-
flicting perceptions, and of life or death. In the arid
regions of Israel, the West Bank and the Gaza Strip,
guaranteeing resource stability alone requires massive
pipeline networks to deliver water for human, agri-
cultural, and industrial consumption. Water is a cru-
cial resource to every population for many reasons.
Large quantities of drinking water are essential to
maintain human life. Drinking water must be of a high
quality and is therefore inherently expensive to pro-
cure when available sources are not polluted, or suffi-
cient. Agriculture demands a substantially larger
amount of water than domestic use (Lonergan/
Brooks 1994). Although this water need not be as
clean as drinking water, the staggering amounts re-
quired can severely deplete existing resources, from
constant over-use. In the 21st century industry will re-
quire relatively large quantities of water, mainly for
manufacturing. Simply, water can be sub-categorized
into these three uses: human, agricultural, and indus-
trial. Without adequate access to water, population
growth, and development can be severely limited.
Only recently, within the past century, and drastically
in the past decade, have the inclusion of water in stra-
tegic decision making could be observed (Homer-
Dixon 1994; de Villiers 2002). Of even more signifi-
cance, water quality and access continues to be dis-
tressed and this trend is worsening. Both scientists
and political researchers agree that water has and will
be a factor in present and future tensions (Homer-
Dixon 1994), including conflict between Israel and
the Occupied Palestinian territories (Lonergan/
Brooks 1994). 

28.3 Neorealism and Strategic 
Culture: Composites of Israeli 
Security Policy 

Israeli security policy is achieved through the interac-
tion of its own strategic culture with the functioning
anarchic international system as defined by neorealist
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theory. Neorealism posits that the courses of action
of states are conditioned by the structure of the inter-
national system. States are sovereign, making the sys-
tem anarchic. The behavior of states, amongst each
other, is framed by the relative capabilities (power)
they possess in relation to each other. As there is no
higher authority then the state, which would impose
standards of behavior, states are exposed to a security
dilemma. Relations between states in the system are
characterized by suspicion and mistrust. Today’s
friends can easily become tomorrow’s enemies. Sub-
stantial cooperation between states is therefore im-
possible, forcing states to adopt self help strategies to
satisfy their security demands (Glenn/Howlett 2004).

Two assumptions reinforce the inability of states
to cooperate. Foremost, there are no legal assurances
that states will be bound by their international com-
mitments. Agreements between states cannot be
trusted as sovereign states are free to opt out of them
as they see fit. In many cases, states participate in trea-
ties or international law for convenience, or for gain
to the national interest. Secondly, interdependence
between trading states can introduce degrees of vul-
nerability. As some states are inherently more vulnera-
ble then others, the prospects for cooperation greatly
diminish (Glenn/Howlett 2004).

The self help strategy of states competing amongst
each other for power to ensure their own security is
ultimately self defeating as it leads to a “spiraling cycle
of action and reaction”. (Glenn/Howlett 2004). Secu-
rity becomes unachievable as states are locked in con-
tinuous conflict. However, instead of always seeking
to maximize power at the ultimate expense of others,
defensive realists suggest that states seek a balance of
power. In doing so, they seek the minimum level of
power required to maintain their position in the sys-
tem (survival) and their security (Glenn/Howlett
2004).

The behavior of states is guided by the system the-
ory of the Neorealist school. While “immutable sys-
tem forces” determine reactions to events, strategic
culture influences strategic preferences within those
reactions. The anarchy of the international system is
“shaped by the way that states identify themselves,
with realpolitik strategic cultures, a bi-product of so-
cial construction” (Poore 2004). Simply stated, strate-
gic culture provides a range of tendencies which are
activated by system pressures (Poore 2004). 

Culture exists as a collective sum, and not as indi-
vidualistic parts. Cultures are intrinsically different
when compared between collectives, and are relatively
stable through time, compared to material evolution.

Strategic culture implies “a nation’s traditions, values,
attitudes, patterns of behavior, habits, symbols,
achievements and particular ways of adapting to the
environment and solving problems with respect to the
threat or use of force (Poore 2004).

Israel’s adherence to the Neorealist school, when
formulating its strategic security policy, stems from its
strategic culture. The history of the Jewish people,
and the modern history of the Jewish state, have rein-
forced in the Israeli mindset that others are not to be
trusted. Exodus, the Diaspora, European persecution,
the Holocaust, the numerous wars with its neighbors,
anti Israeli terrorism, and rising global Anti-Semitism
have reinforced the perception that Israel has an in-
surmountable list of enemies at its doorstep, and thus
has no choice but to seek to maintain its existence
and security through self help strategies. Further, the
vulnerable security position that Israel perceives itself
to be in greatly reduces the possibility of inter-state
cooperation.1 Comprehensive peace in the region re-
quires all sides to come together in agreement. How-
ever, it is unlikely that Israel will be a party to an
agreement which proposes a dependency on another
state. Israel will continue to guarantee its security
through unilateral measures, often in violation of in-
ternational law. 

Comparatively, one could study Canada and see
that its strategic culture has resulted in an idealistic
foreign policy and outlook on international affairs.
Canada counters problems in the international system
by fostering international law, multilateralism, and in-
terdependence. Canada’s position, in terms of surviv-
ability and security, is relatively strong, and the coun-
try is able to attempt to influence the natural
neorealist tendencies of the international system with
its idealistic principles.

1 A 2003 study of Israeli public opinion on national secu-
rity showed that Israeli’s are wary of their position and
do not believe that a treaty will solve their security prob-
lems. The study showed that 37 per cent of Israelis
thought that the Arabs wanted to destroy the state of
Israel and its Jewish population, 23 per cent thought
that Arabs states wanted to conquer the state of Israel,
while 29 per cent and 11 per cent held the less pessimis-
tic view that the Arabs wished to regain the territories
lost in 1967, or regain some of those territories. As for
those who believed a treaty could translate to an end of
the Arab Israeli conflict, only 35 per cent believed this to
be true (Asher 2003).
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28.4 New Security Paradigm 

Security as a concept has been usurped by a paradigm
shift from its orthodox tenets to the more encompass-
ing definition which attaches the provision of human
security to the integrity of the state. The orthodox
conception presented security as the collective need
to preserve the state and its economic, political, and
social interests against external threats. The function
of national power, or aggregate of economic, politi-
cal, and social factors, defined a state’s capacity to
construct and amass weapons, and its ability to fight
war. This military capacity was the primary guarantor
of security as threats were perceived as, almost exclu-
sively, military in nature, and thus required military re-
sponses. The benchmark by which security could be
preserved was the comparative strength of another
state’s military power. This view was especially strong
throughout the cold war as the bifurcation of states
along the ideological divide allowed states to compare
their group’s military strength vs. that of their enemy
(Poku/Graham 1998; RAND 2000).

While obvious that security cannot simply encom-
pass comparative military might, this realization did
not make any progress until the end of the Cold War.
The new understanding came on the heels of a more
fractious world order. The international system be-
came a complicated place as security concerns be-
came localized as well as internal, loosing its narrow
focus of conventional and nuclear weapons compari-
sons. The security, or survival and prosperity, of the
state now has to take into account the interrelation-
ship of demographic pressures with the surrounding,
often regional, environment, as well as the effects of
internal or external pressures, such as media, or ideo-
logical. Inherent in the new security paradigm is the
need for human security. In attempting to provide se-
curity to each individual of the state, as equally as pos-
sible, is the admission that failing to do so could
threaten the integrity of the state: through strife, pro-
test, violence, civil war, ultimately leading to anarchy
and a failed state. Additionally, the failure to provide
human security weakens the elements of national
power, leading to a position of comparative weakness
vs. other states. Thus, security concerns such as mass
trans-border or internal migration, refugee flows, un-
sustainable urbanization, systemic crime, quality of
life, epidemics, food supply, threats to language, eth-
nicity, or religion, resource depletion, and the interac-
tion between population pressures and resource deg-
radation, among others, must now be taken into con-

sideration (Poku/Graham 1998; RAND 2000; Homer-
Dixon 1993).

Israel will have to deal with many of these pres-
sures. This is especially true in terms of water re-
source depletion, and degradation, as a factor of in-
creasing consumption. Israel will meet its security
requirements through unilateral measures, influenced
by its strategic culture. While the long term outlook
could lead to regional cooperation, Israel will not mo-
tion to create any dependencies on its Arab neigh-
bors. Thus, what remains is to analyze the supply of
water for the region, the resulting implications and re-
alities with which Israel will have to come to terms,
and the method by which it is already guaranteeing its
water security. 

28.5 Water Resources and Demands

The bodies of fresh water which supply Israel, the Pal-
estinians, and their neighbors face overuse. Many sup-
plies are being depleted beyond their rate of replen-
ishment, leading to the salination of fresh water
deposits, which threatens absolute depletion. The re-
gional water system is complex and overlaps political
boundaries. The principal surface water system is the
Jordan River Basin, with the Sea of Galilee at the cen-
tre. The upper Jordan is fed by the Hasbani River
which originates in Lebanon, the Banias River and
Hermon springs from the Golan Heights, and the
Dan River located in Israel and the Golan Heights.
South of the Sea of Galilee, the lower Jordan is fed by
the Yarmuk River, and goes on to replenish the Dead
Sea. The replenishment of the Sea of Galilee and Jor-
dan River are affected by riparian water diversion
projects meant to satisfy national water needs. Addi-
tionally, the Mountain and Coastal Aquifers augment
the Israeli water supply. The Mountain Aquifer is di-
vided into the Western, North Eastern, and Eastern
Aquifers, which are almost exclusively within the West
Bank. The Coastal/Gaza Aquifer runs from the
Northern Gaza Strip to Tel-Aviv.

The precariousness of Israel’s water supply is
clear. Israel faces supply induced scarcity, from over-
pumping to meet demand, resulting in salt-water in-
trusion. Demand induced scarcity is occurring be-
cause Israel’s population and economic activity is
growing (Homer-Dixon/Blitt 1998). Stefan Deconinck
(2002), from the Centre for Sustainable Development
in Ghent (Belgium) highlighted Israel’s supply in-
duced scarcity. He criticizes Israeli Water Commis-
sioner Shimon Tal’s long term water policy document.
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Foremost among Israeli mistakes is that long-term wa-
ter planning assumes that rates of replenishment are
consistently average. As a result, Israel pumps water at
a consistent rate over that forecasted period of time.
That rate of pumping often occurs at or above the ac-
tual rate of replenishment. Consistent years of under
average water replenishment, without above average
years to make up for the deficit, results in supply in-
duced scarcity of aquifers, rivers, and the Sea of Gali-
lee, and the increased salinity of those bodies. Case in
point, during 16 years of pumping in the Coastal Aq-
uifer, 11 years were at a deficit. That resource is now
increasingly saline (Deconinck 2004).

Demand induced scarcity is further complicating
Israel’s capability to effectively deal with the water
question. The growing population, currently 6.1 mil-
lion, will surpass previous growth estimates of 6.5 mil-
lion in 2020. That population is also increasing its per
capita consumption of water. To preserve its current
agricultural output until 2020, 530MCM of fresh wa-
ter, and 620MCM of treated water will be required,
while industry will require 30MCM of fresh and
25MCM of treated water. By 2020, Palestinians in the
West Bank will require 70MCM from the Israeli water
network, in addition to their own. Israel is also
obliged to provide Jordan with 55MCM of fresh water
annually as part of the peace treaty that both coun-
tries signed. Israel has an estimated supply of about
1950MCM of fresh water, while current demand is
around 2100–2200MCM. While this gap may be
manageable through the use of secondary water
sources, a growing population and per capita use will
make this exceedingly hard (Deconinck 2004; Homer-
Dixon 1993).

Essentially, estimates of renewable and generated
water resources are spotty at best, while future predic-
tions, as shown in the above tables, are too perfect
and do not take into account treaty obligations or
provisions for the Palestinians in the occupied territo-
ries. However, the numbers are indicative of certain
trends which Israel cannot escape. First is that de-
mand on natural renewable sources cannot be in-
creased. Surpassing the rate of natural replenishment
will only add to the long-term water problems facing
the country. Additionally, supply to the lower Jordan
could be affected if the Syrians decide to extract more
from the Yarmuk for irrigation. Secondly, while Israel
can continue to increase its water supply through use
of brackish and treated water, such water has limited
applicability. One such limitation is that it cannot be
used as drinking water to meet growing population
demands. Supplementation through desalinization is

also possible, however the cost of doing this on a mas-
sive scale will be difficult for Israel, which has limited
financial capacity. Ultimately, Israel is tied at the hip
to its fresh water resource in the West Bank. In assur-
ing its water security, Israel will be unwilling to with-
draw from sections of the West Bank where control
over water will be transferred to the Palestinian Au-
thority. This reality cannot be circumvented and is a
component of Ariel Sharon’s disengagement plan. 

28.6 Meeting the New Security 
Requirements: Control of Water 
through the Control of Land: 
Security Fence 

Israel must hold on to the West Bank to
make sure that Tel-Aviv’s taps don’t run dry
(Rafael Eitan cited in Lonergan/Brooks
1994).

If the demand is for drinking we must say
yes; we do say yes. But we are not going to
stop irrigating our orchards so they can
plant new ones (Meir Ben Meir cited in
Lonergan/Brooks 1994)

In 1977, Prime Minister Menachem Begin requested
the Israeli water commissioner, Menachem Cator, to
provide maps of Israeli water use in the West Bank.
These would include zones of withdrawal which Israel
could hand over to the Palestinians, without severely
affecting Israeli water supply. Cator’s findings defined
a ‘red line’ which traversed parts of the territory, as
seen in area C of map 1. Area C yields thousands of
cubic meters per hour of water, compared to ten’s of
cubic meters per hour in other areas (Gvirtzman
2004). In a water study commissioned by the Jaffee
Centre for Strategic Studies at Tel Aviv University,
Yehoshua Schwartz, and Aharon Zohar (1991) ana-
lyzed the water relations between Israel and the Pales-
tinians. The study recommended that Israel withdraw
to redefined lines, much like the 1977 ‘red line’, which
would allow Israel to relinquish political control of
the vast majority of the West Bank, yet retain those ar-
eas key to maintaining its water supply. At the time,
this position went counter to government policies re-
garding the status of the territories. Rafael Eitan, head
of the ministry of agriculture from 1988 to 1991, stated
that “to protect Israel from threats to the quantity and
quality of its water, it had to retain political control of
the West Bank” (Wolf, 1998, page 260–1). During the
review prior to publication, in December 1991 the Is-
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raeli military censored the entire report, citing the
sensitivity of its findings (Wolf 2004)

The authors of the 1991 study called their maps ‘an
outline for retreat’ (Wolf 2004). Now, this has been
rephrased as disengagement. While the semantics
have changed, the intention of retaining control of
West Bank water supplies remains. The decision to go
ahead with disengagement simply reflects the inability
of the status quo to persist. Occupation is politically
and economically costly for Israelis, and excluding
right wing settler and orthodox groups, the vast ma-
jority of Israeli’s wish to abandon most of the occu-
pied territories. Abandoning ‘most’ is the operative
word, and what Israel does hold on to will partly be
influenced by its need to control water. This will pri-
marily be achieved by routing the fence as close as
possible to the ‘red line’. While some settlements in
the West Bank will be abandoned, the larger com-
muter settlements, which were often sited to control
water tables, will be maintained. Although it is ques-
tionable whether they will be located on the Israeli
side of the fence, those that are not will be fortified
and expanded, and will remain connected to Israel by
protected settler roads. 

Many would ask why Israel cannot accept Palestin-
ian autonomy in the territories. Why can’t Israel with-
draw to the 1967 borders, and satisfy its water con-
cerns through a binding water treaty with an
autonomous Palestinian Authority? That answer has
been provided by precedent. Following Israeli De-
fence Force withdrawal from the Gaza Strip, the Pal-
estinian Authority allowed 500 wells to be drilled, in
violation of an Israeli Palestinian agreement. Pa-
lestinians suffer from critically low per capita access
to fresh water, and the necessary amounts to sustain
viable economic output. Thus, any treaty with Israel
would likely be circumvented to meet these demands,
as they were in Gaza. The potential for this to occur
will be ever greater over time as the Palestinian popu-
lation in the occupied territories, principally in the
West Bank, is set to increase from 3.0 million to 5.8
million (Soffer 2002) Israel has to consider that dra-
matic water scarcity, stemming from broken treaty ob-
ligations, combined with a growing Israeli population
could lead to a “collapse of transportation and other
infrastructure, resulting in the emigration of Jews and
the deterioration of Israel into a third world state”
(Soffer 2002). 

Israel is most dependent on the western basin of
the Mountain Aquifer, also known as the Yarkon-Tan-
ninim. Israeli dependence on this source, which sup-
plies Jerusalem, Tel-Aviv, and other major cities,

should be reflected by security measures meant to re-
tain control of water supplies. Israel has already com-
pleted a majority of the fence in this area, with the ex-
clusion of the salient out to Ariel and Salfit, and also
has many settlements in area C of high potential
pumping. In a study on water extraction, Haim Gvirtz-
man, of the Begin-Sadat Centre for Strategic Studies,
clearly outlined the specific need to prevent addi-
tional Palestinian drilling and extraction from wells
around Qalqilya and Tulkarem. This appears to have
happened as the route of the fence has absorbed nu-
merous Palestinian wells into what will become Israeli
territory. 

28.7 Effects of the Viability of a Future 
Palestinian State

“The main factors fuelling water demand are popula-
tion growth, industrial development and the expan-
sion of irrigated agriculture” (UNEP 2002: 151). The
occupied Palestinian territories face water shortages
linked to each of these, the latter two limiting the
long-term socio-economic development of the poten-
tial state. Each factor will be discussed below to pro-
vide evidence that extended periods of increasing wa-
ter deficit will reduce the probability of a viable
sovereign Palestinian state from emerging. 

Extended periods of curfews and closures, and
poor family planning education, have led to a popula-
tion growth rate in the West Bank that is over twice
that of the Israeli rate. In 2002, the estimated fertility
rate in Israel was 1.48 percent, while the West Bank
experience growth of 3.39 percent (CIA 2002). This
growth is primarily in urban areas (Palestinian Central
Bureau of Statistics (PCBS) 2002), and incidentally
where water resources are under the worst strain. This
rate of population growth is not sustainable, given
current water shortages. If greater quantities of water
are to be allocated to the occupied territories, Israel
will be required to initiate transfers from its over-
stretched share, or more water will have to be
extracted from overburdened resources. Both options
are unlikely, especially as the latter endangers the sur-
vival of current supplies, such as the Mountain Aqui-
fer which is being emptied faster than replenished (de
Villiers 2000). 

The majority of this discussion will refer to areas
where the wall has been completed. Known as Stage
A communities, this area extends from Salem in the
Jenin Governorate in the north to the Elkana settle-
ment south of Qalqilya. The proposed location of Is-
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rael’s separation barrier will cut into much of the ex-
isting water delivery infrastructure along major urban
areas where clean potable water for consumption is
provided by reliable high-output pumps. A report ob-
tained from the United Nations Office for the Coor-
dination of Humanitarian Affairs (OCHA) lists 37
West Bank communities, totaling one-hundred and
nine thousand residents, as cut off from water wells,
agricultural land, and irrigation networks as a result
of the construction of Stage A of the separation bar-
rier. The report also described Israeli modifications to
the fence that could place another thirty thousand
Palestinians in enclaves, restrictting their access to wa-
ter as listed by the Palestinian Central Bureau of Sta-
tistics (PCBS 2003; UNISPAL 2003). 

Further, Palestinians who are caught between the
1949 Green Line and the proposed path of construc-
tion of the separation barrier will be forced to relo-
cate. This region, known as the Seam Zone, includes
a large partition of the West Bank’s farming regions,
and water infrastructure (PCBS 2003). As mentioned,
Israel will require all Palestinians within the Seam
Zone to move east of the separation barrier, or apply
for a permit to remain in their current location; there
is no appeal process for rejected applicants (UNIS-
PAL 2003; IDF 2003). Many Palestinians will be re-
quired to abandon their homes and agricultural land,
places of employment, and establish themselves in a
new location. If this situation persists, the downward
spiral into water poverty faced by many Palestinians
will only get worse. As water is essential for the socio-
economic development of the state, this water pov-
erty will lead to further deterioration of state auton-
omy.

The Palestinian economy has a large stake in agri-
culture, and the loss of water for irrigation will under-
mine the ability for Palestinian farms to produce raw
goods. Ultimately this will stunt the growth of the Pal-
estinian agricultural sector, if not contribute to its de-
cline. Similar trends, involving appropriated land,
have caused strife for farmers and primarily agricul-
tural communities. While the most arable Palestinian
lands are located within the Seam Zone of the West
Bank, the separation barrier further limits the possi-
bility of keeping these fertile lands functioning as
methods of livelihood and resource production. The
access for farmers, who wish to return daily to man-
age their crops, has been severely limited by Israel
checkpoints and access gates. As a result of water
shortages that have occurred over the past decade,
farmers have shifted crops from citrus, other fruits
and vegetables to less water demanding crops of sta-

ple foods, and olives. Since the latter crops have a
lesser market value when compared to the former, Pal-
estinian farmers experienced substantial cuts to their
incomes. 

This limited access to water resources over such a
long period has created a substantial divide between
Israeli and Palestinian qualities of life. This has left
Palestinians in a situation where they are increasingly
dependent on Israeli water infrastructure. Palestinians
receive water through Israeli transfers, and even
though much of the infrastructure exists in the occu-
pied territories, Israel has been responsible for its
maintenance, where deemed necessary, its regulation.
Regulation of Palestinian water access has been espe-
cially stringent, as Palestinian wells are limited to an
almost futile depth of 140 m versus Israeli wells rang-
ing up to 800 m (de Villiers 2000).

28.8 Recommendations

Water remains one of the contested issues which must
be addressed in any final status agreement regarding a
future Palestinian state. There are two significant mat-
ters that must be resolved before further actions can
be taken to resolve disputes related to water. From a
Palestinian perspective, the concept that each side has
the equal right to access water resources must be ac-
cepted. Second, functional joint water resource man-
agement is necessary (Elmusa 1996). These first two
items are idealistic in nature, and unlikely to occur
based as earlier portions of this paper were quick to
show. Realistically, the potential for a viable Pale-
stinian state, in the short term and in terms of water,
will require third party water supply. The mediating
body charged with this will require binding power to
enforce the agreements made between the Israeli and
Palestinian governments.

Future construction of the separation barrier
should include more effective coordination and con-
sultation with local Palestinian water authorities. The
wall is built in a ‘piece by piece’ fashion, mainly under
the direction of lower-echelon military commanders
who have a say in the path of the barrier. It makes
sense that lower level Palestinian water managers be
consulted to improve mutual agreement on where the
path could run. However, two factors may restrain
this. Time is an important factor as each day the wall
remains in unfinished, Israeli’s feel more insecure. Al-
though Palestinians may wish to continuously appeal
the planned route, they must realize their concerns
are subservient to Israeli security concerns. Thus, Pal-
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estinian water access will be subservient Israeli con-
cerns, such as the facility of construction, proximity
to urban areas, and Israeli water security through ac-
cess to settlement-built wells; to name only a few. Pal-
estinian negotiators must realize that frustrating the
Israeli military planners may lead to complete exclu-
sion from the decision making process, leaving them
in a dire situation for an indefinite period of time. 

If the wells appropriated by the separation barrier
limit access to Palestinians, a just method to ensure a
minimum level of water access should be guaranteed.
This could be considered as the ‘water poverty line’
below which no Palestinian dwelling should fall. With-
out moving into the technicalities of urban hydraulics,
this quota could be established within specific zones
for individual, or associated groups of wells, or third
party sources. USAID has set a daily per capita mini-
mum of 100 liters for Palestinian domestic, agricul-
tural, and industrial use (Lein 2000). To ensure ade-
quate supply, sources must provide a flow rate based
on the necessary consumption per capita multiplied
by the number of persons drawing from a particular
wellhead. Realistically speaking, the idea of a ‘water
poverty line’ would take years to build-up to as many
Palestinians do not even have adequate daily access to
water. However, they are not far from attaining this
goal; the average Palestinian currently draws 60 liters
per day (Lein 2000). If efficient practices are put into
place for water collection, distribution, and use, cur-
rent supplies could be used more effectively.

Drawing from the preceding argument, the suc-
cess of a future Palestinian state, under any plan for
autonomy, will no doubt require more equitable ac-
cess to water for the Palestinians; this could eventually
lead down three classifiable paths, each briefly de-
scribed in order of increasing effort required. First
and foremost, improving essential infrastructure
would substantially lessen the amount of water wasted
from the source to the tap. This solution would add
no stress to the water supply as no additional water
will be pumped, the present amount will simply be
used more effectively. While a total upgrade of the
Palestinian water network would be costly, the bene-
fits are substantial, and provisions could likely be
made for international assistance from IGOs or
NGOs. Allowing the Palestinian water system to con-
tinue to dilapidate will only reaffirm the seriousness
of the water crisis.

Concurrently, better collection and distribution
practices must be adopted for domestic, agricultural,
and industrial use. Rainwater collection, and storage,
improves supply, but has little impact on the urban

eco-system. Infrastructure audits, and priority/utility
studies, and wastewater re-use offer other possible
ways of conserving water. The second dimension in-
volves a socio-economic paradigm shift to institute a
lasting and positive effect. This may initially require
mandatory water rationing and monitoring, yet, over
time, Palestinians would expectantly adopt an attitude
of voluntary rationing, thus saving more water in the
long-term. An educational component is also key, and
informing Palestinians about water scarcity, and con-
ditioning them to promote effective use could help
create a future generation of Palestinians who may re-
quire less water than their predecessors. 

Agriculture plays an important role in the Palestin-
ian economy, and the failure of a water intensive crop,
because of a water shortage, would lead to socio-eco-
nomic catastrophe. Palestinian farmers have already
been hampered by water for irrigation, having to
change types of crops in lieu of the outright loss of
farmland due to aridity (Homer-Dixon/Blitt 1998).
Planning ahead to rotate crops, and shifting to less
water-needy crops in advance of a greater water short-
age is a sound, short term, solution to water scarcity.
This practice of ‘importing virtual water’, can mini-
mize the drastic economic effects of crop failure, al-
lowing Palestinian farmers to reduce their depend-
ency on the success of a fragile crop

Another conceivable option would be to introduce
an external supply to satisfy Palestinian water require-
ments. Numerous ideas have presented themselves
over the past about how this water should be sourced
and collected. In 2003, the Washington Institute for
Near East Policy released a document outlining the
possibility of Turkey supplying Israel with water.
However, this option is expensive, costing Israelis 80
cents a cubic meter. Another option is to augment Is-
raeli supplies through desalination for 55 cents/m3, or
wastewater processing for 35 cents/m3 (Ariyoruk
2003). Augmenting the Israeli supply in such a way
would allow for excess capacity to be provided to the
Palestinians. Additionally, the Palestinians could seek
direct importation from a third party source, such as
Turkey. Although equally expensive, such a project
could be conceivably assisted by the international
community. Turkey would liters benefit from such a
plan as it could also supply Lebanon, Syria, or Jordan,
for considerable financial gain.

The option of including the Palestinians within
the Israeli water system is highly unlikely, and comes
with expected limitations and consequences. The pos-
sibility of connecting the Palestinians to the Israeli Na-
tional Water Carrier have arisen in negotiations, as
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the pipeline infrastructure is already in close proxim-
ity to the West Bank. It would essentially take little
more than a few hundred kilometers of pipeline to ex-
tend into the well infrastructure of the Palestinian ter-
ritories to provide additional water to them. How-
ever, interlocking both systems would allow Israel to
draw water out of Palestinian wells in the event of an
Israeli shortage. This is a plausible scenario consider-
ing Israel’s tendency of acting in self interest. 

28.9 Conclusions

Although lacking the necessary primary source data,
this paper has bridged a series of theoretical assump-
tions to the water security dilemma which Israel faces.
In doing so, it has shown that certain courses of ac-
tion to satisfy water supply, such as forming a depend-
ency on a third party, are unlikely to satisfy Israel’s
overarching security concerns. This assumption is
based on a neorealist understanding of the interna-
tional system, and of the effects which strategic cul-
ture has on state policy. It was argued that Israel
would satisfy its water security demands through the
construction of the security fence, and existence of
settlements, which appropriate land with high water
yields. Such a unilateral move by Israel, while under-
standable in their case, will be detrimental to the cre-
ation of a viable Palestinian state. If such a state ever
comes into being, Palestinian water requirements will
have to be met through more efficient water use, and
very likely the introduction of third party water sup-
ply. 
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Abstract

The international community has affirmed the human right to water in a number of
international treaties, declarations and other documents. Most notably, the UN Commit-
tee on Economic, Social and Cultural Rights adopted in November 2002 a general com-
ment on the right to water setting out international standards and obligations relating to
the right to water. Based on the UN concept of water as a human right for selected Arab
countries in the Middle East (Egypt, Palestine, Jordan, Lebanon)1 it is analyzed if and to
what extent these concepts are acknowledged. The paper aims to identify the scale of
knowledge of and commitment to the UN concept in the region and is meant to identify
the main areas of concern in each country regarding water as a human right. The paper
summarizes the main challenges facing strategic and coordinated action towards the UN
concept of water as a human right, identifies what types of processes and institutions need
to be developed to meet the challenges of the concept and provides best practice exam-
ples from countries that have shown innovation. Objectives and priority ideas for activities
of NGOs are recommended

Keywords: Human right, Lebanon, Egypt, Palestine, Jordan, UN Committee on Eco-
nomic, Social and Cultural Rights

29.1 Introduction: Water as a Human 
Right

For human development access to sufficient water re-
garding quality, quantity and economy is vital. Today
more then 1.2 billion people lack access to an ade-
quate supply of water, more then 2.4 billion people
lack access to adequate sanitation. More then 2.4 mil-

lion people die annually from water related diseases
due to an absence of a qualitatively safe water supply;
most of them are children (WHO 2003).

1 Case studies have been done by Karen Assaf, Palestine, Bayoumi Attia, Egypt, Ali Darwish, Lebanon, Batir Wardam, Jor-
dan. The project concept and coordination was handled by Simone Klawitter on behalf on hbf.
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With population growth in many parts of the
world, especially in urban areas, freshwater resources
are affected by increasing pollution and overuse of ex-
isting natural resources resulting in a growing scarcity
in quality and quantity of water. A raising competition
among the different users and uses of water is the
consequence.

The human rights approach to water puts the peo-
ple’s need first regarding water use and promotes hu-
man-centered water resource development based on a
coherent framework of binding legal norms and ac-
countability. It aims to empower individuals to
achieve their full potential of and the freedom to take
up opportunities in using water.

29.1.1 The Human Rights Concept

The term ‘human rights’ refers to those rights that
have been recognized by the global community in the
Universal Declaration of Human Rights, adopted by
the United Nations (UN) Member States in 1948, and
in subsequent international legal instruments binding
on states. The consensus on human rights reflects a
global moral conscience (WaterAid 1999).

Although legal instruments at the international
and national levels have recognized and confirmed hu-
man rights, the law is not the source of these rights.
Human rights are not granted by any human authority
or government, but are derived from the essential dig-
nity and nature of humankind. The list of internation-
ally recognized human rights covers all those rights es-
sential for human survival, physical security and
development in dignity. There is no hierarchy of rights
and all rights should be regarded as being of equal pri-
ority. Denial of one right invariably impedes enjoy-
ment of others, leading to the recognition by UN
Member States that human rights are indivisible, inter-
dependent and inter-related (UN 1993; WaterAid
1999; Häusermann 1997)

The human rights approach is especially used to
challenge the economic and social injustice, particu-
larly toward indigenous peoples, women’s groups, ad-
vocates of children, and disabled people. In summary,
a human rights approach to development is one
which (WaterAid 2003)

• puts people first and promotes human-centered
development;

• stresses liberty, equality and empowerment;
• recognizes the inherent dignity of every human

being without distinction;
• recognizes and promotes equality between women

and men, between minority and majority;

• promotes equal opportunities and choices for all
so that everyone can develop their unique poten-
tial and have a chance to contribute to develop-
ment and society;

• promotes national and international systems
based on economic equity, equitable access to
public resources, and social justice;

• promotes mutual respect between peoples as a
basis for justice and conflict prevention and reso-
lution.

Human right treaties (covenants, pacts or conven-
tions) are contracts signed by states which are legally
binding. They impose mutual obligations on the
states. Human rights treaties have been adopted by
states worldwide and represent a global consensus
about how individuals should be treated in accord-
ance with their inherent rights and dignity. Six core
human rights treaties do exist, which are confirmed in
international law.2 Lobbying groups have also
adopted human rights texts: The League of Arab
States has adopted human rights treaties open to sig-
nature by their respective member states.

There are various mechanisms within the UN hu-
man rights system to submit complaints of human
rights violations: procedures to bring complaints di-
rectly under international human rights treaties and
special procedures for filing complaints guided by
bodies. The Commission on Human Rights and the
Economic and Social Council have established what
are known as ‘special procedures’ of the Commission
on Human Rights. These are a number of additional
procedures and mechanisms, undertaken either by
‘working groups’ composed of experts acting in their
individual capacity or by independent individuals
known as Special Rapporteurs’, ‘Independent Ex-
perts’, or ‘Special Representatives’. In 1997, the UN

2 The six core human rights treaties are: The Interna-
tional Covenant on Civil and Political Rights, adopted
in 1966 and which entered into force 23 March 1976;
The International Covenant on Economic, Social and
Cultural Rights, adopted in 1966, entered into force 3
January 1976; The International Convention on the
Elimination of All Forms of Racial Discrimination,
adopted in 1965, entered into force 4 January 1969; The
Convention on the Elimination of All Forms of Dis-
crimination Against Women, adopted in 1979, entered
into force 3 September 1981; The Convention Against
Torture and Other Cruel, Inhuman or Degrading
Treatment or Punishment, adopted in 1984, entered
into force 26 June 1987; The Convention on the Rights
of the Child, adopted in 1989, entered into force 2 Sep-
tember 1990. 
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Commission on Human Rights entrusted an individ-
ual expert, Mr. El-Hadji Guissé, with the task of draft-
ing a working paper on the human right approach to
water focusing on the promotion of the realization of
the right of everybody’s access to drinking water sup-
ply and sanitation services (WaterAid 1999).

29.1.2 Human Rights Approach on Water-
related Issues

The right to drinking water is defined as the right of
every individual to have access to the amount of water
required to meet his or her basic needs. This right cov-
ers access by households to drinking water supplies
and waste-water treatment services managed by public
or private organizations. There is a discussion ongo-
ing if this right covers water intended for commercial,
industrial or agricultural uses as well (UN 2002a,
WHO 2003).

The human right on water has been explicitly rec-
ognized in several international human rights treaties3,
especially in the International Covenant on Eco-
nomic, Social and Cultural Rights4 and other interna-
tional binding laws and regulations5. To monitor the
implementation of that treaty an independent expert
committee, The Committee on Economic, Social and
Cultural Rights was established. This committee was
responsible for elaborating the content and obliga-
tions attached to the right to water in its General
Comment No 15, ‘The right to water’ (articles 11 and
12 of the International Covenant on Economic, So-
cial and Cultural Rights). The Committee defined the
right to water as follows (UN 2002b, WHO 2003):

The human right to water entitles everyone to sufficient,
safe, acceptable, physically accessible and affordable
water for personal and domestic uses.

Significantly, the Committee stated that: 

The right to water contains both freedoms and entitle-
ments. The freedoms include the right to maintain
access to existing water supplies necessary for the right

to water, and the right to be free from interference, such
as the right to be free from arbitrary disconnections or
contamination of water supplies. By contrast, the enti-
tlements include the right to a system of water supply
and management that provides equality of opportunity
for people to enjoy the right to water.

Doing so the Committee recognized that water itself
was an independent human right. The right to drink-
ing water means that all persons, without discrimina-
tion, must have access for their basic needs to a suffi-
cient quantity and quality of water supplied. The basic
need for water must be economically affordable espe-
cially for the poor, and not dependent on if a public
or private entity supplies the water. States must take
all necessary measures to enable the poorest people
to enjoy the human right on water, e.g. introducing
subsidized water prices.

Governmental obligations with regard to the
human right on water can broadly be categorized in
obligations to respect, protect, and fulfill.

The General Comment No. 15 affirms that UN
(2002b), WHO (2003): 

The human right to water is indispensable for leading a
life in human dignity. It is a prerequisite for the realiza-
tion of other human rights. 

Hence, it is recognized that this right has already been
recognized in a wide range of international agree-
ments. Regarding the normative content of the ‘gen-
eral comment’ it is stated that the right to water com-
prises both:

1. ‘Freedoms’ - such as the right to be free from inter-
ference through, for example, arbitrary disconnec-
tions or the contamination of water supplies, and 

2. ‘Entitlements’ - including the right to a system of
water supply and management that provides equal-
ity of opportunity for people to enjoy the right to
water.

3 The human right on water is also protected in times of
conflict under the Geneva Conventions.

4 This covenant was ratified by 146 countries.
5 According to the European Council on Environmental

Law, water is above all a social good, that is, a resource
that forms part of the common heritage of humanity.
Water is also seen as an economic good of great value,
but which cannot be treated as a mere commodity like
other consumer goods. The Council stresses that access
to drinking water must not be subject to market forces
dominated by the profit motive.

Box 29.1: Categorization of governmental obligation
with regard to the human right on water. Source: UN
(2002b), WHO (2003).

Respect. The obligation to respect requires that States Par-
ties refrain from interfering directly or indirectly with the
enjoyment of the right to water.

Protect. The obligation to protect requires that States Par-
ties prevent third parties such as corporations from inter-
fering in any way with the enjoyment of the right to
water.

Fulfill. The obligation to fulfill requires that States Parties
adopt the necessary measures to achieve the full realiza-
tion of the right to water.
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Furthermore, it is stressed that water should be
treated as a social and cultural good, and not prima-
rily as an economic good. ‘General comment’ No. 15
reaffirms the margin of discretion allowed to States
Parties under international human rights law, at the
same time stressing that states are obliged to utilize:

All appropriate means, including particularly the adop-
tion of legislative measures in the implementation of
their Covenant obligations.

States obligations regarding the right to water and ac-
knowledgements of constraints due to the limits of
available resources are recognized as well but it is
clearly stressed, that :

States Parties have a constant and continuing duty under
the Covenant to move as expeditiously and effectively as
possible towards the full realization of the right to
water.

The ‘general comment’ calls for guidelines on the
three main areas in the implementation of the right to
water at the national level, but it does not identify
details on how to do so. These three areas are as fol-
lows (UN 2002b):

• The formulation, implementation and monitoring
of legislation, strategies and policies; 

• The identification and application of suitable, suf-
ficiently disaggregated indicators and benchmarks
for monitoring States Parties compliance with
their obligations and progress towards the full re-
alization of the right to water 

• The provision of access to effective judicial or
other appropriate remedies at both national and
international levels for any persons or groups who
have been denied their right to water 

Furthermore international obligations concerning the
right to water are outlined. These include (UN
2002b):

‘Positive’ obligations of States Parties - for exam-
ple, to ensure that the right is given due attention in
international agreements, or the special responsibility
of the economically well developed States Parties to
provide aid and international assistance to poorer
states parties, and ’negative’ obligations, such as re-
fraining at all times from imposing embargoes or sim-
ilar measures that prevent the supply of water, as well
as goods and services essential for securing the right
to water. The ‘general comment’ also stresses the fun-
damental importance of ensuring access to adequate
sanitation and States Parties obligation to progres-
sively extend safe sanitation services, particularly to
rural and deprived urban areas, taking into account

the needs of women and children. Non-state actor’s
obligations are stressed as follows (WaterAid 1999,
WHO 2003):

• Co-operate effectively with States Parties in rela-
tion to the implementation of the right to water; 

• Incorporate human rights law and principles into
both policy and action; for example, the right to
water should be taken into account in any lending
policies, structural adjustment programs or devel-
opment projects; 

• Give priority to the most vulnerable or marginal-
ized groups of the population in the provision of
aid and the distribution and management of water
and water facilities 

Defining water as a human right leads to a broader
basis for advocacy work for the water needs of human
beings. Utilizing the right to water means (WaterAid
1999, WHO 2003):

• Paving the way for translating the right to water
into specific national and international legal obli-
gations and responsibilities;

• Raising attention towards water management all
over the world;

• Identification of minimum water requirements
and allocations for all;

• Setting priorities for water policies centered on
the water needs of human beings;

• Catalyzing international agreements on water is-
sues and, thus contributing to resolutions of water-
shed disputes and conflicts between different us-
ers;

• Emphasizing the governmental obligation to
ensure sufficient access to water and sanitation;

• Providing a basis for lobbying towards water needs
on the basis of political commitments.

All human rights are indivisible. They are inter-related.
A lack of water and sanitation clearly has an impact
on the enjoyment of other human rights, such as the
rights to education, health and work, which form an
essential basis for poverty elimination and human de-
velopment as well. Recognizing water as a human
right creates the political will to solve the water crisis,
lowering poverty and raising health by establishing a
partnership between the human rights and the water
sector community.
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29.2 Methodology and Analytical 
Framework

The methodology for the analysis consisted of the fol-
lowing components: 

(1) Country case studies following a common report-
ing framework for each of the four countries: Strate-
gic and coordinated action for each of the four coun-
tries was framed by common analytic components.
The framework presents reporting principles and spe-
cific content to guide the preparation of the country
reports and hopefully represents the main aim of the
projects to identify the scale of knowledge of and
commitment to the UN concept in the region. Analyz-
ing the water sector, strength and weaknesses regard-
ing the criteria of the water as a human rights concept
were identified.

(2) A country survey focusing on criteria of the UN
concept for water as a human right: The ‘general com-
ment 15’ on the right to water sets the criteria for the
full enjoyment of the right to water as a guideline for
the evaluation as follows: 

• Availability of sufficient and continuous water sup-
ply;

• Quality of water;

• Accessibility of water and water facilities and serv-
ices: Physical accessibility of water, economic ac-
cessibility, Non-discrimination against marginal-
ized areas or groups, Information on water issues.

(3) a synthesis report summarizing the results of the
country studies.

29.3 Analysis of the UN Criteria

The following part analyses the UN criteria given in
the ‘comment’ and intends to identify the main short-
comings regarding the human rights concept. For
detailed numbers and figures as well special issues
please see the country case studies which are pub-
lished at <www. boell.de.

29.3.1 Criteria of the UN Concept

29.3.1.1 Availability

Regarding the physical access the ‘comment’ states
that “a water supply is sufficient and continuous for
personal and domestic uses, such as drinking, per-
sonal sanitation, washing of clothes, food prepara-
tion, personal and household hygiene” if it follows at
least the basic access defined in the WHO guidelines.
(Howard 2003). It needs to be taken into account that
some individuals and groups may also require addi-
tional water due to health, climate, and work condi-
tions (UN 2002b). Regarding the WHO guidelines
for each of the countries, it can be stated that there is
a lack of information to fulfill the needs for an evalu-
ation of the WHO guidelines (see table 29.1 for the
WHO access indicator).

29.3.1.2 Water Quality

Water is often also scarce in quality. The water sup-
plied must be safe regarding water quality for domes-
tic use aspects as well. The ‘committee’ refers to the
WHO Guidelines for drinking water quality (WHO
1997) which are meant to guide governments to de-
velop national water quality standards to be sufficient
to fulfill all human beings needs.

29.3.1.3 Accessibility

Regarding the ‘comment’ water and water facilities
and services must be accessible to every human being.
It identifies four overlapping dimensions of accessibil-
ity, defined as follows (UN 2002b):

Box 29.2: Common reporting framework for the country
analysis.

The national water sector

National macro-economic setting, development objectives
and water policies

Water resource assessment: Base and potential

Analysis of demand and supply of water

Regulatory framework of water law

Institutional settings and process

Principal stakeholders, their roles, interests and conflicts

Meeting the UN concept: The national understanding of
water

Evaluation of UN criteria

Areas of concern and opportunities

List of NGOs

List of donor activities of governmental and non-govern-
mental organizations

References and further information
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Physical accessibility. “Water, and adequate water
facilities and services, must be within safe physical
reach for all sections of the population. Sufficient,
safe and acceptable water must be accessible within,
or in the immediate vicinity, of each household, edu-
cational institution and workplace. All water facilities
and services must be of sufficient quality, culturally
appropriate and sensitive to gender, life-cycle and pri-
vacy requirements. Physical security should not be
threatened during access to water facilities and serv-
ices.” The WHO Guidelines for water availability men-
tioned above are serving as the guiding document in
assessing those criteria as well. 

Economic accessibility. “Water, and water facilities
and services, must be affordable for all. The direct
and indirect costs and charges associated with secur-
ing water must be affordable, and must not compro-
mise or threaten the realization of other Covenant
rights.” In general, water service is affordable, when
not more then 2 per cent of the average family
income needs to be spent for water (AWWA 2000).

Non discrimination against marginalized areas or
groups. “Water and water facilities and services must
be accessible to all, including the most vulnerable or
marginalized sections of the population, in law and in
fact, without discrimination on any of the prohibited
grounds” (UN 2002b). Governments are obliged to
take steps to remove any de facto discrimination that
could impede enjoyment or exercise the right to wa-
ter. They have to give special attention to those indi-
viduals and groups who have traditionally faced diffi-
culties in exercising the right to water, e.g. women,
children, minority groups, indigenous peoples, refu-
gees, asylum seekers, internally displaced persons, mi-
grant workers, prisoners and detainees. 

Information on water issues. All states are obliged to
make information about water freely accessible,
“including the right to seek, receive and impart infor-
mation concerning water issues” (UN 2002b). 

29.4 Main Concerns and Development 
Objectives Regarding the UN 
Concept

The UN concept for water as a human right was used
as a tool for analysis using the criteria given within the
concept. The main concerns and development objec-
tives regarding the UN concept in general and evalu-
ating the country studies which have been identified
are discussed next.

29.4.1 Indicators and Benchmarks

Indicators can provide a broad, yet succinct, descrip-
tion of the condition of a water sector. They can de-
scribe and track changes in key aspects as well as in
the sector configuration and conditions. The UN con-
cept lacks a coherent system of indicators to evaluate
a water sector. Often problems arise in certain areas,
which are difficult to access by the suggested WHO
indicators for physical water access making it difficult
to identify inequalities and discrimination faced by
people, which impede their development. A compre-
hensive indicator system and corresponding bench-
marks could help to overcome these shortcomings. 

29.4.2 Lacking Information 

Good and accessible information is the basis for mak-
ing decisions about water resources. To evaluate the
water sector detailed information is needed. Informa-
tion and data availability varies from country to coun-
try. Most concerns exist regarding data accuracy, reli-
ability, consistency and deficiencies.

29.4.3 Poor Governmental Commitment to the 
Human Right Concept

Water governance refers to a range of political, social,
economic and administrative systems that are in place
to regulate the development and management of wa-
ter resources and provision of water services at differ-
ent levels of society. Effective water governance is a
prerequisite to fulfill the human right on water. Re-
garding the governmental commitment to the human
right concept it can be stated that there is no single le-
gal norm in any of the countries evaluated serving as
a binding instrument for the human right on water al-
though national governments are obliged to fulfill in-
ternational commitments on human rights. Govern-
mental obligation to fulfill international law regarding
water in general depends on political interests and
economic viability.

29.4.4 Low Awareness of People of the Right on 
Water

People are in general not aware of their right to suffi-
cient water supply in quality and quantity. People
often simply do not know about this right. Education
and empowerment could serve as a way out and a
starting point for political engagement. Stakeholders
such as NGOs play an important role in encouraging
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dialogue among people towards their awareness of
the right to water. 

29.4.5 Growing Awareness of Water Problems 
and Water Saving Possibilities

In all countries a growing awareness of water as a fi-
nite resource was identified, but still work needs to be
done. Often water is seen as a political issue rather
than a basic need for life. Several methods and tools
are available to promote water awareness to create an
environment to support effective water policies and
an understanding of water issues, which should be ap-
plied.

29.4.6 Discrimination of Marginalized Groups

Discrimination is still in place depending on political
power, especially discrimination of people living in re-
mote areas and social groups with low economic ca-
pacity.

29.4.7 Growing Number of People Who Can’t 
Afford Water

In each of the countries analyzed a growing number
of people exist who cannot afford to have a minimum
of water supplied. Often people with no or low access
to water are affected, living in poor neighborhoods
who must buy water from private vendors at high
prices. A free provision of a certain amount of water
or providing water at an affordable level to serve basic
needs should be obligatory.

29.4.8 People-centered Approach

As expected for a human rights approach, the UN
concept for water as a human right is characterized as
a sole people-centered approach to development, not
recognizing the ‘water rights’ of the environment in
an equal manner. A people-centered approach is pref-
erable to a top-down approach which was tradition-
ally in place with water systems imposed on the peo-
ple by governmental and professional sectors. It is
more effective, efficient and less costly. But water is
also needed to maintain and recreate nature and the
environment. The amount of water for peoples’ use
needs to be balanced with the needs of the environ-
ment.

29.5 Role of NGOs in Realizing the 
Human Right to Water

Internationally active NGOs could contribute in sev-
eral ways to the realization of the right to water. The
identified possible fields of activity are as follows:

• Promoting human right concepts by raising aware-
ness and information on aspects of the right to
water and on how citizens can claim that right and
assist others in fulfilling it;

• Building capacities among local groups to monitor
the commitment and work of local governments
and therefore contributing to ensuring that an ade-
quate policy is in place, and that the policy is
implemented;

• Supporting local service provision by raising
awareness of water as a limited resource, e.g.
awareness campaigns, information and training,
especially in schools for instance in the manage-
ment of community water supplies; 

• Contributing to the development and promotion
of international standards, benchmarks and indi-
cators on the right to water;

• Documentation and highlighting of violations of
the right to water;

• Advocating in international and regional fora on
behalf on those who have had their right to water
threatened or violated.

Especially in Palestine, but in all other countries as
well, the political situation is affecting much work and
engagement of NGOs in water issues. During the last
decade working on water issues became a key NGO
working concept in most of the countries of the Near
East. Environmental NGOs are the main player;
NGOs which are affiliated with political parties are re-
cently only occasionally engaged. 

The fact that several NGOs are running regional
offices in different countries is seen as a great advan-
tage in contributing to the realization of the human
right concept to water. A precondition for solving the
ongoing water crisis is cooperation among the af-
fected states, primarily if they are using the same wa-
ter resources. Cooperation between Israel and its
Arab neighbors is seen as a precondition for each fu-
ture project. The sensitivities of Arab and Israeli part-
ners in doing so must be carefully taken into account.
Depending on the project content, a suitable project
partner needs to be identified. Numerous NGOs have
been identified in each country by the project part-
ners who certainly are willing to cooperate. However,
sufficient financial resources need to be provided. 
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Annex 1: Who Indicators for Physical Water Access

Table 29.1: Service level and quantity of water collected, Source: Howard (2003).

Service level Distance/time Likely volumes of 
water collected

Needs met Intervention priority and 
action

No access More than 1 km/ 
more than 30 min 
round trip

Very low (often below 
5 liter/capita/d)

Consumption can not be assu-
red, hygiene practice compro-
mised, basic consumption 
may be compromised

Very high provision of basic 
service

Basic access Within 1 km/
within 30 min 
round trip

Average unlikely to 
exceed approximately 
20 Liter/capita/d

Consumption should be 
assured, hygiene may be com-
promised, laundry may occur 
off-plot, e.g. away from home

High hygiene education
provision of intermediate 
level of service

Intermediate 
access

Water provided 
on plot through at 
least one tap 
(yard level) 

Average of 100-200 
liter/capita/d

Consumption assured, 
hygiene should not be com-
promised, laundry likely to 
occur on-plot, e.g. within the 
confines of the household

Low hygiene promotion still 
yields health gains
encourage optimal access

Optimal access Supply of water 
through multiple 
taps within the 
house

Average of 100-200 
liter/capita/d

Consumption assured, 
hygiene should not be com-
promised, laundry will occur 
on-plot

Very low hygiene promo-
tion still yields health gains
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Abstract

The aim of this chapter is to present the existing legal framework for the management of
groundwater in the Middle East (Israel, Jordan, Lebanon, Syria and the Palestinian Terri-
tories) and possible recommendations to achieve sustainable development. In Israel, Jor-
dan, Lebanon and Syria, a legal regime for groundwater exists. Nevertheless, in these
states, groundwater is facing serious quality and quantity problems such as water level
declines due to over-pumping, sea water intrusion in the coastal areas (Coastal Aquifer in
Israel) or salinity increase (Highlands in Jordan). 

The Palestinian Autonomous Territories represent a special case as the Palestinians still do
not hold full sovereignty on their land and water resources. Their groundwater resources,
whether transboundary or not, are subject to different water legislation: the Israeli Military
Orders (since 1967) and the Palestinian Authority Water Legislation (after the Declaration
of Principles (1993) and the Israeli-Palestinian Interim Agreement (1995)). 

Sustainable management of groundwater, an important resource in the study area, can be
achieved through a suitable legal and institutional framework regulating risk and uncer-
tainty, groundwater extraction and use, groundwater pollution and groundwater related
environmental issues, effectively implemented and enforced. In the case of the Palestinian
Territories, the key issue is the Palestinian sovereignty on its land and natural resources
with a bilateral treaty on the transboundary groundwater.

Keywords: Groundwater, ownership, control of extraction and use, pollution, Interim
agreement, Joint Water Committee, water rights, water law

30.1 Introcuction

Located in an arid and semi-arid zone, countries of
the Middle East have limited surface water and rely
much on their groundwater resources. Groundwater
is mainly developed for agriculture which is by far the
largest water consumer. Groundwater management
has become one of the key challenges in the area,
where unsustainable groundwater use has led to over-
draft and vast pollution problems.

The aim of this chapter is to present the existing
legal framework for its management in the Middle
East (Israel, Jordan, Lebanon, Syria and the Palestin-
ian Territories) and possible recommendations to
achieve its sustainable development. The first part will
present and compare national regulations concerning
groundwater in Israel, Jordan, Lebanon and Syria, as
independent and sovereign States examining the situ-
ation of the groundwater in these States and the prob-
lems it is facing, and pointing out the failures in the

1  The views expressed in this chapter are personal.
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existing legal regimes in dealing with these problems.
The second part will deal with the special case of
groundwater in the Palestinian Territories, whether
under occupation or the autonomy regime fashioned
by the Interim Agreement (1995).

30.2 Groundwater in the Modern Law 
of Sovereign States (Israel, 
Jordan, Lebanon and Syria)

Modern water law tends to include specific provisions
for the use and development of groundwater regard-
ing its special nature, in comparison to surface water
(Burchi 1999; Caponera 1992), whether in a same or
separate text. Each of Israel, Jordan, Lebanon and
Syria has its own legal regime for water resources,
with special measures for groundwater in a law or by-
law. Before going into the general provisions of ‘the
groundwater texts’, it is useful to have an overview of
the legal tools required for a proper groundwater
management.

30.2.1 Legal Tools for Proper Groundwater 
Management

For groundwater the major issues that need to be cov-
ered are (Caponera 1992): 

• its legal status, in other words its ownership;
• the protection against depletion, or the control of

extraction and use; 
• and finally the protection against pollution.

Public ownership or a state controlled regime of wa-
ter resources in general, and groundwater in particu-
lar, gives the state authorities or the government a ma-
jor authority for regulating water use and allocation.
On the contrary, in a private ownership regime, the
government has a limited authority in regulating
groundwater extraction, and ultimately resource allo-
cation. 

The permit system offers a wide range of control
over groundwater, as it may cover groundwater pros-
pecting or exploration, well construction and ground-
water abstraction and use. Usually the permit or the
license sets the terms and conditions of the quantity
of water that may be taken, the rate of abstraction,
the purpose to which the water is being extracted, the
time and period of extraction and use, and the modal-
ities of abstraction and use. The permit can be
granted for a limited period in time. The permit sys-
tem enables the water administration to control the

water abstraction. In a sustainable system, groundwa-
ter permits should be consistent with the hydro geo-
logical reality of an aquifer, i.e. consider the respect of
the safe yield, take into account declining groundwa-
ter levels, decreasing well yields and deteriorating
water quality.

Metering the water wells is another important
control measure. It serves to quantify the amount of
water extracted and also as a basis for charging users
for groundwater abstraction. Generally it limits exces-
sive water extraction. It is a main tool for checking the
user’s compliance with the permit’s terms, regarding
the authorized quantity to be abstracted.

Groundwater protection against pollution can be
achieved through the regulation of selected land uses
such as restrictions of certain cropping patterns, or
limitations of use of fertilizers and pesticides and of
direct and indirect discharges. Such measures are in-
troduced through water legislation in order to ensure
that land uses do not have negative repercussions on
groundwater resources. The Environmental Impact
Assessment can be required in case of projects and ac-
tivities that might have a negative effect on the condi-
tions of an aquifer. And finally the Declaration of Pro-
tected Areas is established to protect sensitive zones
of an aquifer such as groundwater supply works and
wells, or vulnerable aquifers against the risk of pollu-
tion, or aquifers at risk of overexploitation.

30.2.2 Groundwater Management Failure from 
a Legal Perspective 

In Israel, Jordan, Lebanon and Syria groundwater is
facing a severe crisis, with serious quality and quantity
problems such as water level declines due to over-
pumping, sea water intrusion in the coastal areas, or
salinity increase, despite an existing legal regime regu-
lating its management.

30.2.2.1 Water as a Public Property

At the time of their independence, Israel, Jordan, Leb-
anon and Syria inherited in their legal arsenal the Me-
jelle, or Ottoman Civil Code (Laster 1980; Mallat
1997). While Israel and Jordan have repealed the Me-
jelle, and replaced it by modern legislation, in Leba-
non and Syria its water related sections (articles 1234
to 1328) are still in force. Following the Islamic tradi-
tion, the Mejelle defines water as a common good (ar-
ticle 1234), which could be privately owned following
very specific conditions.2 However, this can never be
the case for groundwater, article 1235 states: “Water
flowing under ground is not the absolute property of
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any person.” In the modern laws of Israel and Jordan,
water is owned by the state.

The Israeli water law of 1959 opens by stating:
“The water resources in the State are public property;
they are subject to the control of the State and are
destined for the requirements of its inhabitants and
for the development of the country.”3 In the Jorda-
nian Law No 18 of 1988, the Water Authority of Jor-
dan law, indicates that: “All water resources available
within the boundaries of the Kingdom, whether they
are surface or ground waters, regional water, rivers or
internal seas are considered State owned property”
(article 25). 

Lebanon and Syria still live under a system estab-
lished before their independence. Besides the Mejelle,
Lebanon and Syria have inherited from their common
past two texts dating back to the French mandate.
These texts are: Order no 144/S of the High-Commis-
sioner “on the definition, delimitation and temporary
occupation of the public domain” of 10 June 1925,4

and Order No 320 concerning the conservation and
use of the waters of the public domain of 26 May
1926.5 These two texts form the basis of the legal re-
gime of water in Lebanon and Syria. Order no 144/S
defines the public domain as “all things which are by
destination affected to the use of all or to a public
service. It is inalienable and imprescriptible” (article
1). Article 2 enumerates the components of the public
domain, without giving an exhaustive list6. According
to this article all water resources including groundwa-
ter resources are part of the public domain.

30.2.2.2 Regulation of Groundwater Use

In each of these countries, groundwater falls respec-
tively under the legislation mentioned above, as gen-
eral water legislation, but also under a specific text.
These ‘groundwater texts’ are the following:

– In Israel: Water Drilling Control Law 1955
– In Jordan: Underground Water Control By-Law

(By-law No 85 of 2002)7

– In Lebanon: By-Law 14438 of 1970 (2 May) organ-
izing the prospecting and use of groundwater.

– In Syria: Law no 165 of 27 September 1958 con-
cerning pumping of water from surface and
groundwater for agricultural purposes, to which
numerous ministerial resolutions have been
added.8 

In the following tables (30.1, 30.2, 30.3), the most im-
portant and relevant provisions of these texts are de-
tailed and compared. The articles mentioned are
those of the respective groundwater text of each
country, except for Israel where the reference is
mainly to the Water Law of 1959. 

The reading of the tables calls for the following
remarks:

– All four countries have instituted a permit or li-
cense system for drilling wells, extracting and us-
ing groundwater. Nevertheless groundwater re-
sources are seriously threatened with water levels
decline due to over-abstraction beyond the safe
yield. There are three main reasons for this:
• Unlicensed wells: i.e. wells drilled and ex-

ploited without any licence. In Syria almost 50
per cent of the total number of wells in the
country are unlicensed leading to severe over-
draft (World Bank 2001). Lebanon faces a sim-
ilar situation with numerous unauthorized
wells in the Beka’a Valley. In Jordan, the issue
of illegal wells is limited in some basins and
more wide-spread in others (Chebaane et al.
2001).

• Non-respect of the abstraction limit: This is the
main issue of concern in Jordan where at least
60 per cent of the wells are private ownership,
and mostly not controlled or have broken
meters.   

• Over-allocation: A report of the State Comp-
troller on the management of the water sector
(1990) in Israel found that over-extraction of
groundwater is a major contributor to the de-
terioration of the quality of the water (coastal
aquifer and mountain aquifer). The report em-
phasized that despite the water deficit in the
aquifers; the Water Commissioner (in charge2 In order to be considered as private property, water has

to be captured intentionally and its flow interrupted, for
example water collected in a jar. 

3 Water Law 5719–1959 Chapter one: Preliminary, section
6 (Unofficial translation, in J. M. Trolldalen (Ed.) 1998).

4 Lebanese Republic, Official Journal No 1880 
5 Lebanese Republic, Official Journal No 1998 (supple-

ment)
6 Article 2 uses the following terms: “are notably part of

the public domain…”

7 Available at: <www.mwi.gov.jo> (last accessed 09/09/
2004).

8 It is notable that the groundwater use in Syria is regu-
lated in a text concerning agriculture. Agriculture
remains in Syria an important political target to achieve
food security.
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of the management of the country’s water re-
sources) authorized extractions and continued
the same policy (Adam 2000). 

– The potential risk of pollution of groundwater
resources is considered only by Israel, and Jordan.
In Lebanon, the by-law of 1993 concerning the
organization of the Ministry of Environment con-
tains a general provision on the protection of
water resources, but no specific measures. In Syria,
a draft water law was submitted in 2001 to the
Council of the People. The draft is not yet
adopted. The draft law had instituted the polluter-
pay principle. No other provision exists for the
moment. Despite its specific provisions on water
resources pollution, Israel is facing a process of
degradation and deterioration of its water
resources (Adam 2000). Even the institution of
the Ministry of Environment did not improve
much until now. 

30.3 In Search of Self Management: 
Groundwater in Palestine

This part will deal with the legal situation of ground-
water in the Palestinian Territories (West Bank and
Gaza Strip) from the military occupation of 1967 to
the peace process, i.e. under the regime designed by
the Declaration of Principle of 13 September 1993, and

the Israeli-Palestinian Interim Agreement on the West
Bank and Gaza Strip of 28 September 1995 (Oslo II).
It will proceed with a study of the Palestinian regime
deriving there from. In the interim agreements the
only source of water referred to is groundwater, as
Palestinians’ rights to surface water (the Jordan River)
are not yet recognized.

30.3.1 From the Military Orders to the Interim 
Agreement: An Illusive Step towards 
Self-management

30.3.1.1 The Military Orders

After the June 1967 war and the military occupation
of the West Bank and Gaza Strip, a series of Military
Orders were issued allowing Israel to acquire full con-
trol of the water resources. With these Military Or-
ders all responsibilities for managing the water re-
sources were vested in an Israeli official who had the
power to decide about licences of wells to be drilled,
the shutting down of existing water installations, and
therefore the water use (van Edig 1999; Daibes 2003).
Separate but similar Military Orders were issued for
the West Bank and the Gaza Strip.

30.3.1.2 The Interim Agreement

The Gaza-Jericho Agreement of 4 May 1994 had
already organized a transfer of authority from the

Table 30.1: Ownership of Groundwater in Israel, Jordan Lebanon and Syria

Israel Jordan Lebanon Syria

– a person’s right in any 
land does not confer on 
him a right in a water 
resource situated 
therein... (chapter one, 
section 4)

– Groundwater is owned 
and controlled by the 
State (article 3 A)

– Ownership of the land 
does not include owner-
ship of groundwater 
therein (article 3 B). 

– Groundwater is part of 
the public domain (arti-
cle 2 paragraph 1 (Order 
no 144/S 10 June 1925)

– Groundwater is part of 
the public domain (arti-
cle 2 paragraph 1 (Order 
no 144/S 10 June 1925)

Table 30.2: Protection against pollution of groundwater in Israel and Jordan

Israel Jordan

– very broad definition of water pollution: “a change in 
the properties of water in a water resource in physical, 
chemical, organoleptic, biological, radioactive or other 
respect, or a change as a result of which water is dan-
gerous to public health or likely to harm animal or plant 
life or less suitable for the purpose which it is used or 
intended to be used” (Water Law 1959 chapter 2 article 
1 A, section 20A).

– Prohibition of any pollution (chapter 2 article 1 A, sec-
tion 20B).

– The Ministry (of Water and Irrigation) performs the 
monitoring of the quality (article 4 A)
• Anyone who is granted a license to extract under-

ground water is hereby obligated to refrain from 
causing any water pollution. 
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Israeli military government and its Civil Administra-
tion to the Palestinian Authority in matter of water
and sewage for the Gaza Strip (except the colonies)

and the Jericho area9. The Interim Agreement of 1995
extends and develops this transfer of authority, and

Table 30.3: Control of extraction and use (protection against depletion) of groundwater in Israel, Jordan, Lebanon and
Syria

Israel Jordan Lebanon Syria

– a drilling license for drill-
ing of, or alteration to 
any well. (article 4).

The Water Commissioner 
may refuse to grant a drilling 
license, cancel a license or 
set conditions for the license 
“in order to prevent the 
depletion or salination of the 
water source ...”
– a production license 

shall indicate: 
1. the production and sup-

ply quantity of water 
allowed within a period 
of time (chapter 2 article 
3 section 24)

2. any condition which 
seems necessary in 
order to ensure effi-
ciency of the supply, 
storage, conveyance or 
distribution of water, or 
to prevent the depletion 
of water resources 
(chapter 2 article 3 sec-
tion 25) 

– Obligation to preserve 
water: “A person shall: 1) 
deal efficiently and spar-
ingly with water coming 
under his control; 2) 
keep any water installa-
tions under his control in 
proper condition, so as 
to prevent waste of 
water; 3) refrain from 
blocking up or depleting 
any water resource; 4) 
prevent the blocking up 
and depletion of the 
water resource from 
which he produces 
water. (chapter 2 article 
1 section 9)

– License for water extrac-
tion (article 3 A, article 
29):

Prescribes : 
• the usage
• the extraction quan-

tity within a period of 
time

• the installation of a 
water-meter: (the 
water extracted is 
charged for, the 
water prices are 
detailed in article 38 

• and any other condi-
tion

– Anyone who is granted a 
license to extract under-
groundwater is hereby 
obligated to refrain from 
causing any water deple-
tion (article 10)

– The licence is granted for 
a period of one year, 
renewable once for a 
similar period (article 21 
D)

– Licence of drillings rigs 
and drillers (article 32):

Necessary in order to be 
allowed to possess or use 
directly or indirectly a drilling 
rig.
– The licence is valid for 

one year and renewable 
for a similar period (arti-
cle 33).

– a permit is needed for all 
works of prospecting or 
drilling wells (article 2).
• The permit is granted 

for one year
•  Fixes an annual fee 

(article 6)
(only when the depth of the 
well is more than 150m 
article 7)
– a permit is needed for 

the use of groundwater 
(article 11).
• The permit is granted 

for a duration of 1 to 
4 years (article 12)

• Fixes an annual fee 
(article 15)

• Fixes:
Purpose of the water
Surface of the benefiting 
good
Maximum limit for the allo-
wed water quantity

– a permit is needed for 
drilling a well and pump-
ing water (articles 1 and 
3). The possibilities of 
the water resources in 
each basin are consid-
ered, the surface of the 
land that it is possible to 
irrigate as well as the lim-
its that need to be fixed 
for water extraction, and 
the conditions for its pro-
tection. (article 3).

– - The duration of the per-
mit is ten years.

An annual fee is due, depen-
ding on the power of the 
pump (article 11).
Installation of a counter on 
every well to establish the 
quantity of water extracted 
(article 2 Resolution no 
2165)a.

a. Resolution No 2165 of the Ministry of Irrigation defining the maximum quantity of authorized waters and the areas,
which should be irrigated by this quantity, 16 August 2000, Official Gazette, No 37, 27 September 2000 p.3;
(www.fao.org/Legal/default.htm)
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introduces further provisions concerning the water
resources in the West Bank10. 

A limited transfer of authority. According to Annex
III article 40 §4 of Oslo II: “The Israeli side shall
transfer to the Palestinian side, and the Palestinian
side shall assume, powers and responsibilities in the
sphere of water and sewage in the West Bank related
solely to Palestinians.” This transfer of power and
responsibilities is limited. Two limits are mentioned in
this sub-article:

– The transfer of powers and responsibilities con-
cerns the Palestinians only. Therefore it excludes
the Israeli settlers living in the West Bank territory.

– This transfer does not concern the issue of owner-
ship of water and sewage related infrastructure in
the West Bank (sub-article 5), which will be
addressed in the permanent status negotiations as
specified in sub-article 4.

The third limit comes from the institution of the Joint
Water Committee (Nasser 2003). The Joint Water
Committee (JWC) is established by the Israelis and
the Palestinians “in order to implement their under-
takings under this Article” (i.e. Article 40, sub-article
11). Its function “shall be to deal with all water and
sewage related issues in the West Bank” (sub-article
12), such as the coordinated management of water re-
sources, the protection of water resources and water
and sewage systems, or the resolution of water and
sewage related disputes11. The JWC is comprised of
an equal number of representatives of each side, and
all its decisions shall be reached by consensus. It is no-
table that the JWC deals with water decisions in the
West Bank and only in the West Bank. Through this
mechanism Israel maintains a veto power (therefore a
control) over all decisions (licensing, drilling, in-
creased extraction...) in water resources management
in the West Bank, including over proper Palestinian re-
sources such as the Eastern basin of the Mountain Aq-
uifer (Abouali 1996/97, 1998). On the contrary, no
joint mechanisms exist for any Israeli action on a

transboundary water resource such as the Western ba-
sin for example. 

Legalising the existing situation. The Oslo II Agree-
ment seems to have made a real step foreword regard-
ing the Palestinian rights as it states “Israel recognizes
the Palestinian water rights in the West Bank” (article
40§1). However, no further precision appears in the
Agreement, except that these rights will be negotiated
in the permanent status negotiations. And on the
other hand the Agreement stipulates that “both sides
agree” to maintain “existing quantities of utilization
from the resources” (sub-article 3§a). With this provi-
sion the Agreement legalizes the existing situation re-
sulting from the military occupation, and allows Israel
to continue to use inequitably the water from the
Mountain Aquifer12. 

It is also notable that the Oslo II Agreement does not
refer to any principle regarding the use and allocation
of water. The only principle it refers to is the ‘no
harm rule’. For instance article 40§3a mentions the
agreement between the two sides to prevent “the de-
terioration of water quality in water resources”. Fur-
ther, paragraph e refers to the parties “taking all nec-
essary measures to prevent any harm to water
resources, including those utilized by the other side.”
This principle only refers to the protection of the re-
source, and not to the rights of the parties. The trans-
fer of powers and responsibilities in the Gaza Strip
lies on the same principles as for the West Bank
(Schedule 11). The water use in the Settlements and
the Military Installation Area is also protected and
maintained in the “existing quantities of drinking wa-
ter and agricultural water” (schedule 11§3). 

30.3.2 Palestinian Water Authority Legislation: 
Narrow Margin of Action

A Palestinian water law was enacted and issued on 17
July 200213. Its aim is to develop and manage the wa-
ter resources, increasing their capacity, improving
their quality, and preserving and protecting them
from pollution and depletion (article 2). It declares
the water resources in Palestine public property (arti-
cle 3). A licence is needed to drill, explore and extract
water for commercial facilities. A fee for licensing will
be imposed. A hierarchy of the water uses is estab-

9 Agreement on the Gaza Strip and the Jericho area, 4
May 1994, Annex II Protocol concerning civil affairs,
Art. II §31. 

10 Israeli-Palestinian Interim Agreement on the West Bank
and the Gaza Strip, Washington, 28 September 1995,
Annex III Protocol concerning civil affairs, Appendix 1
Article 40.

11 An non-exhaustive list of these issues is included in
sub-article 12.

12 In the 1990s the water use from the Mountain Aquifer
was of 440 to 550 mcm/yr for an Israeli and of 116 to
121 mcm/yr for a Palestinian (Nasser 2003).

13 Palestinian water law no 3, Ramallah 17 July 2002, repro-
duced in (Daibes (ed), 2003)
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lished (article 5) giving priority to domestic uses. The
rest of the law concerns mainly the institutions deal-
ing with water such as the Water Authority, and the
National Water Council. The text remains general
with very broad principles, and focuses more on the
institutions than on the water resource itself. The pos-
sibilities of its application are severely limited, mainly
for the reasons discussed above on the role of the
Joint Water Committee. As an institution created by
an international agreement the JWC supplements the
national authority. 

Two other texts were adopted by the Palestinian
Water Authority (Daibes 2003):

– The Palestinian National Water Policy (September
1995): it addresses the important issues of water
resources management and planning.

– The Water Resources Management Strategy (May
1998): its objective is to translate the messages of
the Palestinian National Water Policy into strategic
imperatives.  

30.4 Conclusion

In spite of specific regulations including provisions to
control groundwater extraction, in order to avoid
over-abstraction which may cause depletion and pollu-
tion by sea-water intrusion, groundwater resources in
our study countries are facing these problems. Ab-
straction often exceeds recharge. Protection against
pollution provisions is almost non-existent. Even, in
Israel where they are the most developed, pollution
problems are very serious. 

This leads to the obvious conclusion that in Israel,
Jordan, Lebanon and Syria, the main problem from a
legal point of view is enforcement. It also raises the
question of the institutions that are not covered in
this chapter. The institutions in charge of the manage-
ment of the water resources are an important compo-
nent in the proper application of the law. In the coun-
tries studied, water management is distributed among
different institutions leading to inefficiency. The need
to reinforce provisions on the protection against pol-
lution is also an issue of concern. The Palestinians do
not hold control on their water resources, whether
transboundary or not. Sovereignty on their land and
natural resources is a prerequisite to any bilateral
agreement with Israel on the transboundary ground-
water. 

Sustainable management of groundwater re-
sources can be achieved through a suitable legal and
institutional framework regulating risk and uncer-

tainty, in addition to groundwater extraction and use,
groundwater pollution and groundwater related envi-
ronmental issues, and ensuring an equal right of access
to water. Countries in the Middle East have a way fore-
word to achieve the sustainable use of their water re-
sources for the common benefit of their populations. 
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Abstract

Water in Palestine is the most scarce resource and Palestinians have no control over their
water resources. The complex political context has exacerbated the limited water
resources of Palestine. Palestinians and Israelis share several aquifers that serve as their
long-term storage basins but have yet to reach a resolution to the conflict over control,
management and equitable use of the riparian resources. Against this background, the Pal-
estinian Water Authority was established to manage and supervise the water resources in
Palestine. It faces major challenges especially since the water supply for Palestinians are
inadequate and remains under the control of Israel. This chapter looks that the legal and
regulatory framework of the Palestinian Water and the water sector in Palestine and the
laws that governed it during successive governing regimes.

Keywords: Palestinian Water Authority, National Water Council, ground water, water
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31.1 Background

Water is a central issue and highly politicized in the
entire Middle East because it is one of the most water-
stressed regions in the world. Demand exceeds supply
and rights issues are intertwined and lead to contin-
ued disputes. For historic and political reasons, water
issues including rights, management and use between
Israel and Palestine have been difficult. Sharing of wa-
ter resources has not been equitable. At the heart of
their dispute is the Jordan drainage basin1 and the un-
derground aquifers of the West Bank, both of which
constitute the main resources of water available to Pal-
estine and Israel. 

This chapter deals with the institutional and legal
capacity of the Palestinian Water Authority (PWA).

But to understand its limited role, the bilateral dispute
over water must be underscored. Since 1967, in the
West Bank, Israel has controlled, managed, allocated
and sold water to Palestinians on its terms and with-
out due regard to their needs recognizing only mini-
mal drinking needs. Many West Bank and Gaza vil-
lages often experience shortage for domestic use. Use
for industry and agriculture and economic needs are
of little consequence to Israel. Israel ignores interna-
tional law, rules and norms on riparian use. As an
occupier Israel has an obligation to use Palestinian
water resources only to the extent necessary for the
maintenance of its military occupation. It is not per-
mitted to appropriate the water of the occupied terri-
tory for the use of the population in Israel proper,
much less for the illegal settlements.

Palestine has accepted international law regulating
how its freshwater resources should be allocated. Pal-
estine is entitled to an equitable and reasonable share
of these freshwater resources, including those in the
groundwater aquifers and the Jordan River. Israel has

1 The headwaters of the River Jordan are located in
northern Israel, the occupied Golan Heights and in
southern Lebanon (including Israel's self-proclaimed
‘security zone’). This water feed Lake Tiberias, Syria and
the Yarmouk River. 
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ignored international law and has opted for unilateral
decisions. 

The Declaration of Principles (DOP) signed be-
tween Israel and the PLO in 1993 postponed water is-
sues until the final status talks, thus maintaining the
status quo. The DOP left the Palestinians without
control of their own water resources; it failed to deal
with the water issues on an equitable basis between
riparian parties. Being an issue reserved for final sta-
tus, water was equally not dealt with in the Interim
Agreement signed in 1995. The Interim Agreement
gave the Palestinians allocations of water and limited
functional administration of water resources within
Palestinian areas with full control maintained by Is-
rael. At present, the situation is precarious as the Wall
being erected by Israel endangers the prospects for
shared water resources and prejudices any equitable
solutions in the future. 

31.2 Legal Framework for Water and 
Water Institutions

Throughout history, various governments and occupy-
ing forces have administered the Palestinian territo-
ries. Both the West Bank and the Gaza Strip have
been under the jurisdiction of a number of rulers each
of which imposed its laws atop others, all with the in-
tention of furthering its interests and control over the
water sector. A new ruler usually did not impose im-
mediately a new legal system but enacted, overtime, a
new set of norms as supplementary to the existing
ones. Only when politically convenient, the new ruler
repealed the existing laws and enacted new ones. 

For political reasons, the West Bank and Gaza
Strip do not form a singular contiguous geographical
unit and were, at times, also separate legal units. Both
areas were under the Ottoman Rule until the end of
World War I, when they fell under British Military
Rule (1918–1920), then came under a British Civil
Administration (1920–1922) and subsequently became
part of the British Mandate proclaimed by the League
of Nations in 1922. The two areas were separated in
May 1948 after the termination of the British Mandate
and the establishment of the State of Israel. 

In the course of the 1948 War, the West Bank
came initially under the Jordanian military rule and
was subsequently formally incorporated in the
Hashemite Kingdom of Jordan in 1950. Following the
1948 war, the Gaza Strip came under Egyptian military
rule. The Egyptians did not view the Gaza Strip as
part of Egypt, refrained from incorporating the Gaza

Strip into Egypt and maintained it as a separate legal
unit, subject to Egyptian military rule and orders pro-
claimed by the military commander. Thus the laws of
Egypt were not applied to the Gaza Strip and the pre-
existing legal norms, in so far as not amended by or-
ders of the Egyptian military commander, remained in
force in the Gaza Strip. Following the 1967 war when
the Gaza Strip came under Israeli military rule, a mil-
itary commander was appointed for the Gaza Strip
and the pre-existing legal norms were maintained,
thus the West Bank and the Gaza Strip were governed
by distinct legal norms. 

31.2.1 Basic Regulatory and Policy Framework

31.2.1.1 Historic Legislation

Shari'a Law (Muslim Religious Law). This was the
legal norm upon which the courts of the Ottoman
Empire based their rulings in disputes between na-
tionals of the Empire prior the enactment of the orig-
inal Ottoman legislation in the second half of the 19th

century. The Shari’a provides in principle that water is
God’s property and as such it is free for all. Owner-
ship can take place upon effective possession. There
are rights of use, mainly for purposes of drinking and
irrigation. Payment for water use is questionable al-
though in practice payment is demanded. 

Ottoman Legislation in Palestine (Pre–1918). The
Ottoman rule prevailed in the region from the 16th

century until 1918. In the course of an extensive legis-
lative process, which took place during the reign of
Sultan Abed El-Majid in the second half of the 19th

century, two important laws containing rules relating
to water were enacted: 

1. The 1858 Ottoman Law on Land provides that in
disputes as to the rights of watering crops and ani-
mals (haq-i-shurb) of irrigation and over water
channels only ab antiquo usage is taken into
account. 

2. The 1870 Ottoman Civil Code (the ‘Mejelle’) pro-
vides that water, grass and fire are property not
owned by any one person but owned jointly by all
members of mankind. Groundwater is also consid-
ered ownerless and, likewise, public wells not dug
by any known person are (ownerless) property of
all people.

British Mandatory Law in Palestine (1922–1948).
Article 46 of the 1922 King’s Order in Council pro-
claimed that “The jurisdiction of the Civil Courts
shall be exercised in accordance with the Ottoman
Laws in force in Palestine on 1st November 1914, and
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such Ottoman Laws as have been or may be declared
in force by Public Notice, and such Orders in Council,
Ordinances and Regulations as are in force in Pales-
tine at the date of the commencement of this Order,
or may hereafter be applied or enacted”. The British
Mandatory Government enacted a number of original
pieces of legislation on water resources management,
as follows: 

1. Municipal Corporations (sewerage, drainage, and
water) Ordinance No.6/1936: This ordinance pro-
vides that “once the municipality decides to supply
water to the municipal residents, it becomes re-
sponsible for the provisions of pure water, appro-
priate pressure, and obtains certain powers con-
cerning pollution, pricing, etc.” 

2. Safeguarding of Public Water Supplies Ordinance
No.20/1938: This ordinance enabled the Manda-
tory Authority to control the scarce water re-
sources and to ensure adequate water supply for
domestic use, it defined the public water supply as
a supply of water to be controlled by the govern-
ment and which is primarily used for domestic
purposes. 

3. Water Survey Ordinance No.2/1938: This ordi-
nance authorized the Mandatory Government to
drill experimental boreholes on private lands for
the purpose of conducting a hydrographic survey
of the land. 

Jordanian Legislation in West Bank (1948–1967).
The Ottoman laws on water as well as the Mandatory
Ordinances remained in force in the West Bank upon
the assumption of the Jordanian rule in 1948 as well as
following the proclamation of the joint constitution in
1950. The Jordanian Government enacted a number
of laws in the sphere of water resources management,
as follows: 

1. Land and Water Settlement Law No.40/1952 :
The law provides for a settlement and registration
of land and water rights in the Jordanian Land
Registry. The law provides for procedures on the
registration process. 

2. Water Control Law No.31/1953 : This law pre-
scribes rules relating to the construction of irriga-
tion structures in irrigation areas. Water allocation
tables were prepared to detail the quantities allo-
cated to each land parcel and the quantity of irri-
gated land. 

3. Municipalities Law No.29/1955: This law detailed
the powers of the municipalities and stipulated
that the council would be responsible for the pro-
vision of water to the residents, and for the deter-

mination of the means used for this purpose in-
cluding installation of pipelines, the organization
of water allocation, determination of tariffs and
fees, and the prevention of pollution of springs,
canals, pools, and cisterns. 

4. Law on the Organization of Matters of Drinking
Water in the Jerusalem District No.9/1966: This
law created a Municipal-Regional Water Authority
with the responsibility as well as the powers for
the supply of water in the district of Jerusalem,
including to Ramallah, Bethlehem and their neigh-
boring townships and villages. 

Egyptian Legislation in the Gaza Strip (1948–1967).
Egyptian law was not applied to the Gaza Strip. The
legal norms applicable upon the termination of the
Mandate remained in force upon the assumption of
the Egyptian Military rule. 

Israeli Military Orders (1967–1995). IThe Occupied
Palestinian Territories have been subjected to physical
and artificial restraints through a systematic program
or building Israeli settlements, which stand at 224 in
the West Bank; 29 in East Jerusalem2. Israel relied on
the use of Military Order to take land for these settle-
ments and for other issues that serve the occupation
including the imposition of stringent restrictions on
the Palestinians concerning the development of their
water resources. After the 1967 war, Israel declared all
water resources in the region as state property (Proc-
lamation No.2/1967) and through military orders it
prohibited the Palestinians from developing their
resources. 

The impact of the historic legislation on Palestin-
ian water resources, management and rights is com-
plex and restrictive. It has often reflected the interests
of these external powers with little concern for the
long-term strategic water needs of the indigenous
population and never served as a platform for the de-
velopment of Palestine. The most significant restric-
tions came during the Israeli occupation, whose im-
pact remains operative to the present day. 

31.2.2 Palestinian Legislation

When the Palestinian Authority (PA) took over, the
administration and regulations of the water sector
including were severely underdeveloped. This water
sector was immediately recognized as one of the most
important strategic sectors. The PA found that roles

2 See, https://www.cia.gov/cia/publications/factbook/
geos/we.html
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and responsibilities in the water sector were frag-
mented and unclear as administered during the occu-
pation period which lent itself to inefficient manage-
ment and uncoordinated investments. In 1995, when
the Palestinian Water Authority was established, it
found that there was an urgent need to restructure the
water sector in order to regulate, monitor and super-
vise the management, technical and financial perform-
ance at the national, regional and local levels.

Accordingly, the Palestinian Water Authority em-
barked on preparing the necessary laws and regula-
tions to guarantee sustainable development of the wa-
ter resources. The goals of the PWA are the optimal
utilization between beneficial users; regulation of the
planning and production, and use of water resources
in an effective and efficient manner. Present water ad-
ministration and regulations in Palestine, which are
stipulated in the water law, are derived from Islamic
water law principles together with concepts and inter-
pretations which have been imposed on pre-existing
regulations, local uses and customs. The Palestinian
legislation since the establishment of the Palestinian
National Authority (PNA) includes: 

1. Presidential Decree No.5/1995 – The Decree estab-
lished the Palestinian Water Authority. 

2. Law No.2/1996 – This law established the Pales-
tinian Water Authority and defined its objectives,
functions and responsibilities. This Law gave the
Palestinian Water Authority the mandate to man-
age water resources, execute water policy, estab-
lish, supervise and monitor water projects, and to
initiate coordination and cooperation between the
stakeholders in the water sector. 

3. Presidential Decree No.66/1997 – The Decree
established the internal regulations of the Palestin-
ian Water Authority and the rules of procedures. 

4. Palestine Water Law No.3/2002 – The Law en-
compasses the whole water sector. It aims to de-
velop and manage water resources, to increase ca-
pacity, to improve quality, to preserve, and to
protect against pollution and depletion. As a lead-
ing principle, the Law states that all water re-
sources in Palestine are considered public prop-
erty (art 3). The Law provides further legal basis
for the ‘Water Authority’, and it grants legal per-
sonality to the Authority. The budget of the Water
Authority is part of the general budget of the
PNA.

The Law stipulates that the Water Authority has the
right to supervise and control/regulate regional utili-
ties (art. 28) and that the Water Authority shall carry

out control tasks including keeping records regarding
water usage and licenses, setting times when licensed
‘operators’ of water or waste water facilities must give
periodic reports, setting the necessary rules and
standards for inspecting meters and controlling the
leaking of water (art. 34.1). The Water Authority shall
have also the right to inspect water resources and sys-
tems of supply, and any place where pollution is sus-
pected (art. 34.2). The Law indicates that specific reg-
ulations will be issued for specific purposes (art. 3.2;
art. 18; art 20; and art. 25).

The Law also sets the composition, tasks and re-
sponsibilities of the National Water Council, which is
chaired by the Chairman of the Palestinian Authority.
The National Water Council has members from the
most involved Ministries, the heads of the water and
environment authorities, the mayor of the capital, and
representatives of selected stakeholder groups (Union
of Local Authorities, Palestinian universities, regional
utilities, and water unions and societies). The Council
will primarily sanction policies and plans, ratify and
approve the Water Authority’s reports, guidelines and
internal regulations. It is envisaged that the first meet-
ing of the National Water Council will take place in
the foreseeable future. The Law has a chapter on ‘re-
gional water utilities’ that will be established on the
desire of local authorities, and that the ‘Water Author-
ity’ will have the right to supervise regional utilities.
Further regulations will set tasks and responsibilities.

31.3 The National Water Plan

The National Water Plan of 2000 is the strategic plan
for the water sector that sets the direction to the year
2020, and proposes actions for achieving these goals.
The document describes the role of service providers.
It says that ‘regional water utilities’ will be responsible
for the following services: preliminary investigations
and design; construction and/or rehabilitation; re-
search; repairs; operations and maintenance. More-
over, it states that services would cover the fields of
municipal and industrial water supply; waste water
collection treatment and re-use; storm water collec-
tion, treatment and re-use; water and treated wastewa-
ter supplies for irrigation. 

The ‘regional water utility’ assets will remain gov-
ernment owned, with a community representation on
board. Employees will be seconded to a competitively
selected private operator, who will be contracted for
a set term to manage, operate and maintain all infra-
structure and related services for a fee. All billing and
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collection procedures will also be placed in the care
of the operator. The utilities will be administratively
and fiscally autonomous, although tariffs will be re-
viewed, and water abstraction and discharge will be li-
censed and monitored by the PWA. The ‘regional wa-
ter utilities’ will be required to seek full cost recovery
in their operations and develop a customer charter.

31.4 The Palestinian Water Authority

A Presidential Decree established the Palestinian Wa-
ter Authority (PWA) in 1995 by Presidential Resolu-
tion No. 90. This follows Article 40 of the Interim
Agreement of 1995. In 1996 Law No. 2 was promul-
gated and provided the legal framework for the PWA
as an institution and enumerates its powers and au-
thorities. It supersedes Presidential Resolution No.
90. The enactment of the Water Law no. 3/2002 on
18 February 2002 resulted among other things, in for-
malization of the scope of the authorities of PWA and
more salient, it deemed water as publicly owned and
managed by the PWA on behalf of the public for the
public good. It legally eliminated the concept of pri-
vate ownership of water (vested interests is a whole
different matter. According to Article 7 of the Water
Law the Palestinian Water Authority:

1. has full responsibility for managing the water
resources and wastewater in Palestine;

2. sets the general water policy and work to imple-
ment it in coordination and cooperation with the
relevant parties, and present periodic reports con-
cerning the water status to the Water Council.;

3. surveys the different water resources, proposes
water allocation and determines priorities of us-
age;

4. creates reserve areas for protection from the dan-
ger of pollution, and exercises oversight and super-
vision over such areas, and approves transfer of
water between the different geographic areas;

5. licenses the exploitation of water resources includ-
ing the construction of public and private wells,
water exploration, drilling exploration, testing and
production wells, and any other matters or activi-
ties relating to water or wastewater, in coopera-
tion and coordination with the relevant parties;

6. studies water and wastewater projects, and
projects that integrate them, and sets design stand-
ards, quality assurance, technical specifications

and works to control implementation of the
above;

7. rehabilitates and develops water departments for
the bulk water supply at the level of the different
national governorates, considering them national
water utilities, and sets their tasks and responsibil-
ities in accordance with regulations that are issued
by the Cabinet of Ministers for this purpose;

8. coordinates and cooperates with the relevant par-
ties to set plans, and program for regulating the
use of water, prevent wastage, conserve consump-
tion and carries out public awareness campaigns
regarding this aspect;

9. supervises well drilling and qualifying contractors
in the field of constructing water facilities in
accordance with procedures that are set by the
law;

10. sets plans and programs for training the technical
staff working in the water sector to develop the
management of water resources and supervises its
implementation and development;

11. works toward achieving a fair distribution and op-
timal utilization of water resources in order to en-
sure the sustainability of ground and surface water
resources through cooperation and coordination
with the relevant parties and finds solutions and
suitable alternatives in case of emergencies;

12. regulates and supervises research and studies relat-
ing to water and wastewater, and follows up with
the concerned and specialized parties;

13. rehabilitates the centers for researches, studies and
training working in the water sector in accordance
with the procedures to be set by the regulations; 

14. participate in setting approved standards for water
quality for the different uses in cooperation with
the relevant parties and insures promulgation;

15. works to develop and coordinate programs for in-
ternational, regional, and bilateral technical coop-
eration in the field of water resources; holds con-
ferences, and seminars to represent Palestine in
regional and international meetings in this field;

16. prepares draft laws and regulations and issues di-
rectives concerning water resources and executes
them, and gives opinions with regard to the tech-
nical aspect in all disputes relating to water re-
sources; and

17. any other tasks that are to be assigned by virtue of
applicable laws and regulations.

The Palestinian Water Authority consists of four direc-
torates dealing with water resources and planning,
water regulation, technical issues as well as administra-
tive and financial problems (figure 31.1).
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The Regulatory Directorate includes: 1) the legal
affairs department, responsible for all legal issues of
the department, 2) the consumer affairs department,
responsible for hearing and collection of complaints
from the field, and for organizing public awareness
campaigns, 3) the economic and tariff department, re-
sponsible for developing and implementing tariff sys-
tem and, in Gaza, collecting of fees connected to li-
censes, and for doing economic and financial
assessments, 4) the licensing department, responsible
for issuing and renewal of licenses for water projects
and 5) the control and inspection department, respon-
sible for enforcement of issued licenses, inspection of
the proper implementation of licenses and of poten-
tial illegal activities in the field.

The Technical Directorate has: 1) the standards/
specifications department, 2) the R&D department
and 3) the quality assurance department with two sec-
tions for reviewing designs as part of the licensing
process, and monitoring the implementation of the
works.

Other key stakeholders in the water sector are:

• The Palestinian Legislative Council (PLC) that has
a mandate to recommend the enactment of differ-
ent regulations and by-laws.

• The Ministry of Justice (MoJ) that has a mandate
on justice and legal enforcement

• The National Water Council (NWC) that is
responsible for overarching water policy and stra-
tegic maters. Its tasks and responsibilities are
defined in the water laws as follows:
1. sanction the general water policy;
2. sanction the policy for development and utili-

zation of water resources and the different us-
age;

3. ratify plans and programs aimed at organizing
the use of water, preventing waste, and direct-
ing consumption;

4. ratify the tariff policy;
5. confirm the allocation of funds for investment

in the water sector;
6. approve periodic reports concerning the activ-

ities of the Palestinian Water Authority and its
work.

Figure 31.1: PWA Organization Chart. Source: The Palestinian Water Authority
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7. approve the Water Authority’s guidelines and
confirm the internal regulations that govern its
administration and operations; 

8. confirm the appointment of the board of di-
rectors of the regional utilities;

9. approve the annual budget of the Authority
and present it to the Council of Ministers to
confirm it:

10. implement the financial regulations prevailing
in the Palestinian National Authority; and

11. any other tasks which are delegated to it
according to the provisions of this law.

The National Water Council (NWC) consists of the
following 13 members:

• The Ministry of Agriculture that is responsible for
the development of the agricultural sector, which
is the major water user in Palestine.

• Ministry of Finance that holds a mandate for the
national economy, cost recovery and tariff issues.

• Ministry of Health that is responsible for public
health aspects, water quality standards and the
alleviation of water related health risks. In the
Gaza Strip it conducts all water quality testing. 

• Ministry of Local Government that is responsible
for local (urban) planning, organization of the
operation of the systems via the municipalities and
participates in hearings regarding licensing.

• Ministry of Planning and International Coopera-
tion that is responsible for the coordination of
international cooperation and national planning
issues. Its Directorate for Urban and Rural Plan-
ning (DURP) is responsible for overseeing general
policies, plans and programs for spatial planning
at the national and regional level. 

• Environmental Quality Authority with responsi-
bility for environmental policies, strategies, and
criteria to ensure ecological and environmental
sound development of the surface water and
groundwater resources.

• Ministry of Industry (MoI) with responsibility for
effluent standards, re-use of industrial wastewater
and public enquiries about industrial water li-
censes.

• West Bank Water Department (WBWD) that is in
charge for the provision of bulk water to the vari-
ous water service providers in the West Bank. In
addition, they are still involved in the rehabilita-
tion, extension and construction of water facilities
in the West Bank. In the near future they will be
transformed into the National Bulk Water Utility.

This is expected to become the National Water
Utility (NWU).

• Coastal Municipal Water Utility (CMWU) is an
association of 19 municipalities in the Gaza area
with responsibility for the provision of water sup-
ply and sewage services to these municipalities.
The tendering of a World Bank sponsored man-
agement contract for this utility is underway. It is
anticipated that the CMWU will become one of
the four Regional Water Utilities responsible for
the provision of water supply and sewage services
in Palestine. The other utilities will cover the
Southern, the Central (the service area of the Jeru-
salem Water Undertaking) and the Northern part
of the West Bank.

• Other service providers (until the Regional Water
Utilities will be established) for water supply and
sewage services will be offered by the municipali-
ties and water user associations. In many cases var-
ious municipalities have already established Com-
mon or Joint Service Councils (C(J)SCs) that are
in charge of the operation and maintenance of
municipal facilities for water supply and sewage.
As a rule, administrative and financial aspects re-
main with the municipalities. 

31.5 Modest Prospects

Since its establishment the Palestinian Water Author-
ity has taken great strides in water resource manage-
ment. It operates the existing system of water, how-
ever, with limitations due to continued Israeli control
over water resources. It manages an investment proc-
ess and planning for the future of the water sector. It
continues water delivery, repairs pipes and licenses
water extraction to the best it can under the prevailing
circumstances. It makes decisions about water pric-
ing. It has improved governance by setting up a well
organized institution and continues to improve its
services. It has a well trained cadre of professionals
and receives much donor assistance to rehabilitate the
water systems of the West Bank and Gaza. It has
passed a law and unified much of the fragmented le-
gal framework and is working to harmonize activities
of the municipalities and village councils with respect
to water extraction from wells they own and water
distribution. Considerable donor assistance has been
geared for the water sector, however, the PWA has a
long way to go and remains constrained financially.
Investment requirements in the physical water infra-
structure are huge. 
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The National Water Plan articulated important
principles, salient among which is the water resource
strategy. In this regard the PWA should deal with the
following tasks:

• secure Palestinian water rights;
• strengthen national policies and regulations;
• build institutional capacity and develop human

resources;
• improve information services and assessment of

water resources;
• regulate and coordinate integrated water and

wastewater investments and operations;
• enforce water pollution control and production of

water resources:
• build public awareness and participation; and
• promote regional and international cooperation.

Most of these issues, however, need to be worked on
regardless of how the water rights are accorded to Pal-
estinians and how shared water resources are ulti-
mately decided between Palestine and Israel. These
factors are becoming increasingly more difficult as a
result of the construction of the Wall separating Pales-
tine and Israel whose parameters, boundaries and
path engulf much of the West Bank Mountain Aqui-
fer. 

The PWA through its national policy plan has
identified the following areas to deal with:

• water resource availability;
• water uses and consumption;
• water demand;
• domestic water demand;
• commercial and industrial water demand.

In achieving its objectives, the PWA is greatly chal-
lenged and works against time. The peace agreements
with Israel have left much to be contended with. Al-
though Israel continues cooperation in water-related
matters, the PWA cannot deliver in the absence of full
sovereignty and control over its water resources, thus
it must know what belongs to it. The PWA cannot
plan, manage and administer what it does not have. It
will not be able to manage the increased demand as
long as it has no role in managing and sharing the sup-
ply. It cannot address the needs of its people.

Of increasing importance and relevance is the
potential that the Gaza withdrawal plan presents for
cooperation in the water sector between Palestine and
Israel. The withdrawal from the Gaza settlements and
the related water infrastructure can be a significant
step in giving sovereign control of water resources in
Gaza to the Palestinians. The PWA faces formidable

challenges in Gaza where water is scarce and ground-
water is saline. Alternative water sources like desalina-
tion have long been considered in the Gaza context
and work on such a plant stopped because of the dif-
ficult situation on the ground. There is renewed hope
that such projects would move ahead in Gaza and
begin to revive and rehabilitate its water sector to
meet basic human needs. 
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Abstract

Reviews of water demand management in the Middle East and in South Africa, two of the
most water-challenged areas of the world, show that water demand management is occur-
ring in almost all nations, but without the breadth or strength that is required by their
increasingly difficult water situation. It is not absent as a policy goal, but it remains sec-
ondary to supply management and very much secondary to reducing government expendi-
tures. There is therefore great scope for further analytical work on water demand manage-
ment and even greater scope for work on ways to promote its adoption. What is needed
above all is to treat water demand management not just as a technology to apply or a pro-
gram to deliver but as a form of governance – indeed, a form that is as critical to improving
social, economic and environmental conditions as it is to saving water. Application of this
governance concept to Israel and Palestine shows the need for new institutions for water
demand management, and that both existing and new policies need to be formulated in
order for water demand management to play the role that it should.

Keywords: Governance; Israel; Palestine; South Africa; water conservation; water demand
management

32.1 Introduction

Natural resources such as water do not determine socio-
economic development; on the contrary, socio-eco-
nomic development determines water management
options (Allan 2002).

It is not very radical to urge that water demand man-
agement (WDM) become a major option for resolv-
ing Israeli-Palestinian water conflicts. It is rather more
radical to claim, as we do, that WDM should be the
major option, and that as well as moving both nations
toward sustainable water policies, it can also help re-
solve conflicts between them. The main purpose of
this article is to provide evidence in support of that

position. Further, we maintain that, if WDM can play
so large a role in Israel and Palestine, it can do so any-
where in the Middle East and North Africa (MENA).
In their natural endowments, Israel and Palestine fall
near the middle of the regional spectrum – greater re-
newable supplies of fresh water than many MENA na-
tions but less than others. As elsewhere in the region,
Israel and Palestine also exhibit sharp intra-national
variations – from north to south in Israel, and be-
tween the West Bank and Gaza in Palestine. Again as
elsewhere in the region, they are both using fresh wa-
ter unsustainably – mining aquifers, degrading water
courses, and, in the case of Israel, using water that is
not likely to be under Israeli control after a peace set-
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tlement. Rather differently from elsewhere in the re-
gion, water is an explicit part of negotiations toward
a peace settlement, and even avowed advocates of
peace can differ on proposed water policies (Alatout
2000).

32.2 WDM Decisions as Governance

In its simplest sense, water demand management
means getting the most from the water we have. In
more elaborated form, WDM includes any action that
reduces the amount of fresh water we need, or that
keeps water cleaner than it otherwise would be
(Brooks 2006). The important point is the breadth of
the concept, which remains the same regardless of
whether it is less water per unit of output or service,
or less water because of lower growth, different tech-
nical choices, or changes in habits. It is the same
whether talking about surface water or ground water
or whether talking about average or peak demand.
Though based on science and engineering, in almost
every aspect human desires and actions play decisive
roles. Therefore, water demand management is a gov-
ernance concept – governing (in both senses of the
word: moderating and managing) our requirements
for good quality fresh water. Yes, there are technical
issues to be solved; and, yes, cost-effectiveness is an
important criterion for decision-making. However,
they are determined by, not determinants of, the way
we govern water.

We know more about the technologies for water
demand management than we apply, and we also
know a lot about the cost effectiveness of various
WDM techniques (though we tend to ignore many of
their benefits, such as reducing the volume of waste-
water to be treated). Despite considerable research on
water conservation behavior by social psychologists
and geographers, means for promoting changes in
practices and behavior at larger scales and across sec-
tors remain elusive (Thompson/Stoutemyer 1991;
Dickerson/Thibodeau/Aronson/Miller 1992; Aitken/
McMahon/Wearing/Finlayson 1994; de Oliver 1999).
To paraphrase Homer-Dixon (2003) who was writing
about renewable energy in Canada, the obstacles to
water demand management in MENA are mainly so-
cial, and the ingenuity we must apply to overcome
them is also therefore mainly social.

It is this governance approach to WDM that is dis-
tinctly missing in MENA. Few governments regard
WDM as an activity worthy of explicit attention in its
own agency. Only rarely is WDM the main impetus

for policy action with respect to supply or disposal of
water. Even if policies avow support for WDM, they
commonly falter in application and implementation.
If water demand management is to aid in the resolu-
tion of water disputes between Israel and Palestine,
and become a base for sustainable development, we
must identify culture- and region-specific ways of pro-
moting attitudes, incentives, and policies to establish
WDM as both means and ends for improving social,
economic and environmental conditions. Therefore,
in the next section we explore to what extent and
how WDM is already in use in MENA. In the follow-
ing section, we explore to what extent and how it is
used in South Africa, which shares many ecological
and socio-economic characteristics with the MENA.

32.3 Water Demand Management 
(WDM) in the Middle East

Over the course of 2002 and 2003, Canada’s Interna-
tional Development Research Centre (IDRC), in col-
laboration with other donors, conducted four forums
on water demand management for nations in MENA.
The purposes were, first, to assess the extent to which
WDM is being applied in the region and, second, to
identify gaps in knowledge about WDM.1 

Three of the four IDRC forums focused on water
demand management. The remaining forum, on Pub-
lic-Private Partnerships in Water, turned out to have
little to do with WDM. Case studies from Jordan and
Morocco show that government expenditures are
down and performance of the water utility has im-
proved, but not even the World Bank suggests that
privatization will promote WDM (Grover 2004). The
only direct link between private participation and
WDM is reduction in unaccounted for water. This
link is not surprising as it has a direct effect on reve-
nue with benefit-cost ratios reported (in the Tunisian
Drinking Water Case Study) as high as 5 :1.

1 Key inputs to the forums came as national case studies
followed by workshop discussions, all of which can be
found on a tri-lingual (Arabic, English and French) CD-
ROM entitled “Water Demand Management Forum –
Middle East and North Africa: Advocating Alternatives
to Supply Management of Water Resources”, available
from IDRC’s offices in Cairo or Ottawa; see at: <www:
idrc.ca>. The results of the forums are summarized in a
review by Brooks (2004), from which most of the mate-
rial in this section is taken. We are grateful for IDRC’s
permission to use this material. All references to costs
or prices are based on US dollars in 2002.
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Two general conclusions from the forums influ-
ence all other results. First, the main objective of gov-
ernment-funded WDM programs in MENA has been
to cut budgets, not to save water. Effects on water use
are assumed but rarely demonstrated and, even less
often, quantified. Water management may be a gen-
eral focus for research and policy in MENA, but spe-
cific focus on water demand management remains to
be adequately developed. Second, few of the efforts
for WDM in the region devote much attention to
communities, families, or women. Though low-in-
come people and small farmers receive water at low
cost, little evidence has been collected on impacts on
income or quality of life. Easing of women’s work,
and gains in maternal and child health, are mentioned
but seldom evaluated. Water management is still
largely not just a male domain but the domain of male
engineers. As a result, we know a lot about technolo-
gies for water demand management, but little about
the institutions or incentives that promote it. We
know a lot about what does happen, but little about
what could happen.

32.3.1 Water Re-Use (Rabat, Morocco; March 
2002)

Re-use of urban wastewater is becoming more com-
mon throughout MENA. Most nations have major
sanitation problems, and the need to manage waste-
water is as much a driving force for re-use as is short-
age of fresh water. Exceptions occur in coastal cities
where sewage can be dumped directly into the sea.
Rural areas also lag behind cities in re-use of treated
sewage. 

The main use for treated wastewater is irrigation,
but there are many other uses: recharging aquifers,
creating green belts, fixing sand dunes, watering golf
courses, and providing cooling water for industry.
Though most nations permit treated wastewater to be
used for food crops, some nations have adopted re-
strictions that depend upon the level of treatment
(and, in the case of Jordan, destroy crops violating
those restrictions). Even so, many farmers continue to
use raw wastewater for irrigation, particularly in peri-
urban areas. 

Economic information about wastewater re-use
costs and benefits is disappointingly scarce. It would
be particularly useful to know more about the mar-
ginal cost of wastewater re-use compared with normal
wastewater treatment and release into wadis, or the
marginal benefit to farmers from using recycled as
opposed to fresh water. Some data did emerge from

the case studies. The Tunisian case study indicates
that tertiary treatment of wastewater adds 15 to 20 per
cent to the cost of secondary treatment, but total cost
is still 30 per cent below that of water from a new
dam. The Algerian presentation suggests marginal
costs of about 10 cents per cubic meter beyond those
necessary for treatment and discharge.

Prices for treated wastewater vary widely from
place to place, and typically are based on political
judgment rather than cost. For example, golf courses
in Morocco pay four times as much per cubic meter
as do farmers. (Many nations aim to keep the price of
treated wastewater for farming below that of fresh
water, and, as necessary, provide subsidies to maintain
the differential.) Even where cost is a factor, it is
treated from the perspective of accounting rather
than any recognition that failure to treat wastewater
imposes its own costs, whereas appropriate treatment
and re-use can support economic development. 

32.3.2 Water Valuation (Beirut, Lebanon; June 
2002)

Few people in MENA question the general practice of
pricing water. However, difficulties arise from the
wide range of objectives sought from water valuation
– greater efficiency, higher revenues, regional develop-
ment, social equity and others. Though each is valid
to one degree or another, there is no purely rational
way to determine the appropriate balance among
them, nor is there much indication of how the trade-
offs are balanced in any particular nation.

Water prices remain below costs in most sectors in
all countries, and very much below costs in some
(Saghir 2004). Indeed, despite enormous differences
in climate, water prices in MENA nations other than
Israel are not much above those in Canada. In only a
few nations do prices rise sharply enough with use to
have a significant conservation effect. Further, efforts
to reform water valuation are concentrated in urban
areas with governments moving slowly in the agricul-
tural sector. This approach is politically understanda-
ble but questionable economically and ecologically
given the share of water in MENA that goes to irriga-
tion. Even where raising prices to cover full costs is
avowed policy, it is typically applied only to a few sec-
tors, notably tourism and industry.

Unfortunately absent from most of the discussion
about valuation are data on price or income elasticity
of demand. The common assumption – at least for
household water – is that water is in such short supply
that most nations are operating in an inelastic portion
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of the demand curve. However, in Tunisia, where at-
tempts were made to identify impacts, a direct link
was found between water prices and water use for
households above subsistence levels. Similarly, when
prices for irrigation water were raised, Tunisian farm-
ers sensibly shifted to higher value crops. Estimates
for Israel show that, at an equilibrium price, agricul-
tural water use would drop by 24 to 36 per cent
(Becker/Lavee 2002). Studies on price and income
elasticity justify the policy of increasing block rates.
Though not perfect – for example, higher rates could
penalize poor people growing food in the city – they
do tend to balance equity and efficiency.

Although WDM objectives may be served, the
main objective of raising prices in most nations is sol-
vency of the utility, not saving water and certainly not
economic efficiency. The three goals are related, but
they are not the same. Tariff structures designed to
cut use would be higher than those to recover costs.
The Jordanian case study showed that new water sup-
ply costs about $ 1 per cubic meter but is valued at
over $ 5. Water priced to achieve economic efficiency
would have typical families paying 5 per cent of more
of their income for water. As well, it is easier to ex-
plain to citizens why price should cover full cost than
why it should equal marginal value.

The most evident use of water valuation as social
policy is the common practice of providing some wa-
ter at low or no cost to poor households. This goal is
typically accomplished by what is often called a “so-
cial tariff” for the first block of consumption – typi-
cally around 25 cubic meters per household each quar-
ter. For a six-person family, this provides the 50 liters
per person-day commonly regarded as the minimum
for an adequate lifestyle (Gleick 2000). Unfortunately,
rich and poor families alike benefit from the subsidy
for the first block. Tunisia and Jordan are tackling the
problem by having those who consume in excess of
the social block pay at the higher rate for the full, not
the marginal, volume; subsequent blocks are priced
marginally.

Pricing of agricultural water adds special compli-
cations. Nations that are extending irrigation to new
areas typically reduce water prices to encourage settle-
ment. Except to the extent that they allow for differ-
ences in socio-economic conditions (i.e., a form of ru-
ral development), such differential valuation is ques-
tionable. Differences in productivity or distance from
market should influence farming systems and crop se-
lection, not subsidy levels. However, most nations
find it difficult to increases prices for irrigation water.
At a minimum, increases must be coupled with: a) re-

moval of price caps on the crops that use irrigation
water; and b) controls on drilling and pumping, lest
farmers simply shift from the priced to the un-priced
source. A further complication is that illegal and infor-
mal markets in agricultural water are common. (Stud-
ies of those markets would give a good clue to farm-
ers’ valuation of water.)

32.3.3 Participatory Irrigation Management 
(Cairo, Egypt; February 2003)

The single most important conclusion that emerged
from the forum on participatory irrigation manage-
ment (PIM) is the need for institutions that go be-
yond permitting to promoting the concept. The
whole approach of decentralizing management of wa-
ter implies a shift in emphasis “from infrastructure in-
vestment-based projects to institutional development –
investment projects, thus, become structural compo-
nents of longer-term programs” (Van Hofwegen
2004). In too many cases, governments give PIM
nominal support, but do not provide incentives,
mechanisms and, as necessary, regulations to allow lo-
cal management to flourish. Clearly, some govern-
ments are less enthusiastic about local water manage-
ment than they claim – this despite strong evidence
that PIM works. In each case study reported at the fo-
rum, water-use efficiency went up by 30 to 50 per cent
and energy use for pumping was cut in half (Attia
2004). The increase in water efficiency does not nec-
essarily imply a reduction in water use; more com-
monly, it means that tail-enders on the water system
now get water regularly – greater equity and efficiency,
but not less water use. Other, less well documented,
benefits include reduction in conflict and a sense of
empowerment that is said to improve family health
and well-being (Brooks 2002). 

32.4 Water Demand Management in 
South Africa 

The South African water supply and sanitation sector
experienced significant problems during the late
1980s and early 1990s. Political corruption, interna-
tional sanctions and the falling price of gold resulted
in a general diversion of funds away from central serv-
ices like basic water services (Forster 2004). A history
of misguided management decisions, based on apart-
heid’s tenets, had wreaked havoc with the natural
landscape and water allocations. As the apartheid
state stumbled through its final days, the transition to
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democracy was not smooth for the water sector, par-
ticularly in rural areas. 

In 1994 the new African National Congress (ANC)
government was to lead a country inundated by ur-
gent problems: a flagging economy based on a de-
funct social system; a population with high expecta-
tions and eager for immediate change; an out-
migration of the professional corps because of per-
ceived security problems and economic uncertainty;
and a set of environmental conditions that limited
economic development, including agricultural poten-
tial, and undermined the quality of life of the majority
of citizens.

The ANC made many, far-reaching, environmental
governance decisions in the post-1994 political cli-
mate. Of interest to this report are the water manage-
ment decisions intended to lessen the gap between
the water services enjoyed by the minority and those
provided to the neglected majority, and the influence
these institutional decisions have had on the rural sec-
tor. These decisions have included decisions related
to water conservation and water demand manage-
ment (WC/WDM), the terms commonly used in the
South African literature. Water conservation and wa-
ter demand management are slowly being incorpo-
rated into planning and practice at the local and na-
tional levels (Buckle 2004). 

Two situations catalyzed the government’s efforts
to give greater attention to water management and
legislative reform. First, a series of droughts in the
early 1990s reinforced the need for immediate action
and better, longer term decision-making (Buckle
2004). Second, the ANC was publicly committed to
meeting its citizens’ basic needs. In addition to educa-
tion, employment, housing, and health care, these ba-
sic needs included the provision of services to the 14
million people without access to safe drinking water
and the 21 million that lacked reliable sanitation in the
rural and informal settlements (Rothert 2000). South
Africa’s quantitative realities – heavy water use by the
agriculture and the mining industries, and rapidly es-
calating requirements because of population increases
and urbanization – meant that decision-makers had to
think about water management in new ways (Hazel-
ton 2004). However, it was also the government’s so-
cial, moral and historical obligations to the neglected
majority that guided the ANC’s early water policy and
implementation efforts (Forster, L. 2004). 

32.4.1 Local-level WDM (Hermanus, South 
Africa)

Water demand management and water conservation
efforts are not unknown in South Africa’s urban areas.
However, these efforts have been predominantly
short-term, technical responses to crisis situations,
such as pressure management and leak detection,
household or industrial retrofitting, and infrastructure
upgrades. In contrast, the Hermanus campaign has
been distinct in its comprehensive approach, consid-
ered “cutting edge” in its day (Turton 2004). It was
also notable for its inclusion of “social” aspects of
WDM, and may exemplify the South African govern-
ment’s commitment to water conservation and de-
mand management – with all of its successes and con-
troversies (Hazelton 2004; Turton 2004). 

Situated along the coast of Western Cape prov-
ince, one-hour east from Cape Town, Hermanus has
grown from a small fishing village into a tourist desti-
nation for vacationing South African urbanites and
foreigners. Its population fluctuates from 22,000 off-
season to a peak of 67,000 during the holiday period
(December and January) (Whittaker 2004). Of the
regular population, 10,000 are considered “poor” and
6,000 “middle income” while the remaining 6,000
people are “affluent” (van der Linde 2004). 

The municipality drew its water from the De Bos
dam, built in 1976, and had an annual water allocation
of 2.8 million cubic meters from the Department of
Water Affairs and Forestry (van der Linde 2004). De-
velopment projections had indicated that this volume
would be sufficient until 2010, but by the early 1990s
the municipality had already exceeded its annual wa-
ter allocation. New estimates suggested that contin-
ued development would require almost twice as much
water (van der Linde and Buckle 2000). According to
van der Linde (2004), the concern was not that they
would “run out of water” but that their yearly supply
was insufficient and the uncertainty left them vulnera-
ble. This vulnerability was not surprising given that
the water consumption by the wealthy residents was
considered “excessive” (Hazelton 2004), the rapid
rate of municipal growth and building (8,000 building
plots available with only 3,000 plots supported by ex-
isting water supply numbers) (van der Linde 2004)
and thousands of tourists oblivious to water conserva-
tion concerns (Turton 2004). Simultaneously, the in-
formal settlements surrounding Hermanus have also
expanded as rapid social changes have caused people
to migrate from rural areas to developed centres in
the search of employment.
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To meet the water deficit, the Hermanus munici-
pal council and the town engineer began to proac-
tively explore their options (van der Linde 2004).
Conventional supply augmentation, such as ground-
water extraction and desalination, had high capital
costs and would not be supported by the government
(van der Linde 2004). Expanding the De Bos dam
(Onrus River catchment north of Hermanus) was cal-
culated to be even more expensive (Preston 1996).
Therefore, in collaboration with the national Depart-
ment of Water Affairs and Forestry (DWAF), the
municipality began to turn its attention to WDM. The
Greater Hermanus Water Conservation Campaign
(GHWCC) began officially in October 1996 through a
partnership with, and financial support from, the
DWAF. The result was a 12-point programme:

1. an assurance of supply tariff 
2. an escalating block-rate tariff structure 
3. clearing invasive alien plants in selected catch-

ments (“working for water” project)
4. school water audits (designed as a series of stu-

dent projects to gauge water use and loss within
the school and to, ultimately, educate a generation
of low-water users) 

5. water loss management 
6. retro-fit programme 
7. water-wise gardening
8. water-wise food production
9. pre-payment metering (security meter)
10. national water regulations (adopted as local by-

laws)
11. communication strategies 
12. informative and “creative billing (van der Linde

2004).

The campaign’s overarching objective was to change
the concept of water management away from supply
management to demand management. This effort was
understood by the program developers as not merely
as the purview of water professionals, but also as the
responsibility of every citizen (Whittaker 2004; van
der Linde 2004). The campaign included both resi-
dential and business sectors, but the various campaign
components were introduced in a rolling start. 

After the first four months, and with only items 1,
2, 3, 4, 11 and 12 implemented, the Greater Hermanus
Water Conservation Program (GHWP) documented
that the consumption, calculated per erf (an erf is
considered to be a standard garden plot size, and is
approximately ½ acre, or 2 hectares), was significant.
In 1997, the municipality was servicing 9,000 erven,
an increase over the average of 8,233 between the

1993–96 period. Based on those figures, per plot, wa-
ter consumption fell from 1,410 litres per day for
1993–96 to 960 litres per day for 1996–97, a decrease
of 32.2 % (GHWCP 1997). This consumption decline
was not sustained over the project duration. However,
water usage remained below the pre-project levels. Af-
ter one year, the program (compared to the baseline
of the previous three years) there was a 20 % increase
in revenue and a 96 % citizen approval rating (van der
Linde and Buckle 2000; Whittaker 2004). The bills of
households using between 25 and 50 k/month de-
creased.

Overall, the Municipality increased its revenue, to
over R 1,5 million and used the extra income to ad-
dress the Unaccounted for Water (UAW) rates (i.e.,
leakage), the retrofit programme and other, some-
what misguided, infrastructure expansions. Van der
Linde (2004) estimated that while Hermanus’ water
supply issues were not completely resolved, the WDM
program had delayed additional supply expansion by
approximately seven years. 

Other benefits of the campaign included im-
proved access to water and supply assurance; job cre-
ation and skill training through the Working-for-Water
program that eventually employed 120 residents (GH-
WCP 1997); children’s environmental education;
growth of community awareness; and attitudinal
changes related to water issues (van der Linde 2004).
The GHWCC also illustrated that, with a commit-
ment to communication between the municipality
and the consumer, regular feedback on water choices
would promote conservation and higher levels of co-
operation (Whittaker 2004). Another positive out-
come has been the national and international recogni-
tion of the GHWCC as a role model in urban water
demand management (Buckle 2004; van der Linde
2004; Rothert 2000; Turton 2004). 

The Greater Hermanus Water Conservation Cam-
paign (GHWCC) is not without its critics. Residential
support for the campaign, determined initially to be
97 % with 2 % undecided, decreased as the water reg-
ulations were strictly enforced (McQueen and Pieters
1998). This decrease became particularly evident after
a series of “wet’’ years altered the public’s perception
of water scarcity and the need for such comprehensive
water conservation efforts. In some cases, municipal
councillors were in the “hot seat,” as the issues related
to water conservation were politicized during a local
election (Whittaker 2004) and then were later harshly,
and publicly, criticized by the Minister of Water
Affairs (Hermanus Times 2000). 
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Within the management structure itself, there
were ongoing tensions between the Treasury and the
Engineering departments as they struggled to find a
compromise between allocating additional revenues
to a central fund and allocating them to sustain water
conservation efforts (van der Linde 2004; Whittaker
2004). This tension eventually coalesced as a contrib-
uting factor to the project’s end. The Treasury made
a (seemingly unilateral) decision to spend the funds
accumulated by the WDM project. The funds had
been earmarked for the ongoing communication cam-
paign, to improve the infrastructure within the infor-
mal settlements and to continue the Working-for-Wa-
ter employment program. However, the decision was
made to extend a water pipeline to Vermont, a very
wealthy, and white, Hermanus neighbourhood. 

Unsurprisingly, this decision did little to endear
the WDM campaign and, in particular, its well-recog-
nized local practitioner and champion, to the commu-
nity. It also seriously undermined its perceived inten-
tions and legitimacy (Turton 2004; Whittaker 2004).
The Treasury’s decision reinforced the more serious
criticism that the GHWCC actually exacerbated the
socio-economic gaps between low-income residents
(some of whom had difficulty paying the charges
above the free block and had leaky or insecure con-
nections) and visiting holidaymakers, or more finan-
cially secure, local people. People in some of the low-
income households also felt that the low block tariffs
for minimal use were still too expensive and that the
charges themselves ran counter to their basic rights to
water under the new South African Water Law (Tur-
ton 2004).

Finally, the challenges of managing an extensive
and multi-faceted campaign were substantial in the ab-
sence of adequate human resources within the munic-
ipality (van der Linde 2004). The GHWCC was, ac-
cording to van der Linde (2004), just a “two-man
team” for its duration. As of 2004, after the loss of
the communication element and significantly less
comprehensive than the original strategy, the conser-
vation campaign was being solely championed and
managed by the town engineer who originally initi-
ated the project. The Hermanus town council and the
DWAF no longer actively supported it (Whittaker
2004). 

This anecdotal evidence hints at some of the com-
plexity associated with a community-based water con-
servation and demand management project. The Her-
manus case had many successes including the reduced
consumption numbers, the delayed construction, the
economic and social progress through the Working-

for-Water project, the extensive communication cam-
paign and the international recognition. At the time
of the field research, the program, which was “in a
slump”, was still making a 25 % profit from its water
revenues (van der Linde 2004). Problems, however,
remained: the social inequity issues were not ade-
quately addressed while the profits made by the
WDM program were continuing to be deposited in to
the municipal general accounts. These funds re-
mained unavailable to program operations or pro-
gram expansion, including a much needed communi-
cations campaign for the new areas of the recently
amalgamated municipality. 

The difficulties experienced by Hermanus, and its
lone program champion without access to a function-
ing social network, can provide valuable lessons for
other practitioners and municipalities. Van der Linde
was, at the time of the field research, basically
excluded from the WDM community. This was par-
tially because of shifts in DWAF research and funding
priorities and the cyclical nature of public attention.
The invitations to international conferences stopped
arriving and the newspaper interviews were no longer
requested. This researcher was, by van der Linde’s
(2004) count, the first person to contact him about
the program in about two years. His exclusion also
likely stemmed from the spectacular collapse that the
program experienced. 

32.4.2 WDM in the National Government

South Africa’s water legislation, originally derived
from the Dutch legal model, underwent massive
changes after the ANC took power (Odenaal 2001;
Tsinde 2001; Arntzen 2003). The 1956 Water Act,
which placed the priority on supply development and
riparian rights, was unable to adequately address the
social, political and environmental issues of post-
Apartheid South Africa (Tsinde 2001). The antiquated
1956 Water Act was replaced with the new National
Water Act in 1998. The new Act supported water de-
mand management and conservation, which it de-
fined as “the efficient use and saving of water,
achieved through measures such as water saving de-
vices, water-efficiency processes, water demand man-
agement and water rationing” (S.1 (1)(v)). In the Na-
tional Water Act, water conservation is intended to: 

“ensure that the nation’s water resources are protected,
used, developed, conserved, managed and controlled in
ways which take into account amongst other factors …
[the promotion of] the efficient, sustainable and benefi-
cial use of water in the public interest” (S.2 (d)). 
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The National Water Act is also intended to ensure
that: 

• water is used beneficially in the public interest; 
• the limited water resources are put to the best eco-

nomic use; 
• the injustices of the past in relation to access to

water and to the benefits of water are redressed;
and

• the environment is protected so that water use is
truly sustainable (McKenzie et al. 1999: 116–117). 

Finally, the Act also contains the National Water
Resources Strategy (NWRS), which aims to “set out
the strategies, objectives, plans, guidelines and proce-
dures of the Minister and institutional arrangements
relating to the protection, use, development, conser-
vation, management and control of water resources,”
as well as to outline the “principles relating to water
conservation and demand management” (S.6 (1)(h)).

Significant changes were also made through the
Water Services Act (108 of 1997) and the restructuring
of water institutions. Among those parts of the Act
relating to conservation and water demand manage-
ment are clauses for:

• national standards for sustainable use of water
resources for water services (s.9 (1)(c));

• standards for water tariffs (s 10);
• efforts to be made by water services institutions

(s.73 (1)(j)); and
• assisting, assessing, and monitoring local authority

water services’ water conservation development
plans (S.12–16, 18).

To put its legislation into action, the federal govern-
ment has pressed the WDM initiative forward
through its Department of Water Affairs and Forestry
(DWAF). In 1998 the DWAF assumed the mandate “to
facilitate the development of policies, strategies,
projects and initiatives that will result in the efficient
utilization of water by all water consumers in South
Africa” (Tsinde 2001). One of its first efforts was to
initiate an ambitious, and highly visible, water effi-
ciency campaign. The National Water Conservation
Campaign (NWCC), focused on “changing the ethos
of water management in South Africa away from a
purely supply management paradigm to a demand
management approach” (Abrams 1995: 5). This pro-
gram used the Hermanus case as its first and most
prominent example of what could be accomplished at
the local level using water demand management (see
Section 4.1.1.1). A Directorate of Water Use Efficiency,
previously the Directorate of Water Conservation, was

established in 1998 to promote and ensure implemen-
tation of South African WDM (Singh 2004).

DWAF, as an organization, was working within a
radically altered political environment, exemplified by
the White Paper on National Water Policy for South
Africa (1997: 2), which stated that: 

It is time for us to extend our ingenuity in another direc-
tion. Water conservation programmes may be far better
investments than financing new dams, new tunnels and
pumping stations, new weirs and pipelines. Conserva-
tion programmes may both increase water supply (by
for instance controlling land use practices) and manage
demand (for instance through application of appropri-
ate tariffs). 

The DWAF pursued this new direction through stake-
holder leadership, strategy development, technical
support and advisory services. It also attempted to en-
trench support for the WDM initiative within its own
staff. Rodkin (2004) observed that the “outlook
about conservation demand management [was] a rela-
tively new arena in South Africa; so we don’t necessar-
ily have institutionalized human resource capacities in
all our regions, which means that we … carry a dual
role.” Gumbo et al. (2004) agreed and noted that a
“major constraints to the adoption of WDM measures
is the absence of well structured educational and
training programmes or courses suitably targeted to
all stakeholders in the water management chain.” 

In other words, the DWAF had to take responsibil-
ity for both water management and staff induction
into the WDM approach. This process had to not
only convey the necessary explicit knowledge (the
tools used to support water efficiency across different
sectors) but to challenge, alter and entrench an en-
tirely new way of thinking, individuals’ tacit knowl-
edge. Only by including both would demand manage-
ment be allowed footing alongside the conventional
supply management. How successful this process was
is discussed below.

Though DWAF staff expressed their support for
WDM principles, some individuals expressed concern
about a lack of transparency and collaboration, and
staff at the regional offices anticipated problems with
policy implementation (Tsinde 2001). Other criticisms
were more serious: the former WDM director was
critical of some of his experiences in the directorate
and reported a decline in institutional support, budg-
ets and the availability of human resources. He esti-
mated that the directorate had less than 50 % of the
human capacity needed (Singh 2004). Singh (2004)
resigned his post at DWAF in 2004, described his last
seven months as “miserable” and “frustrating.” His
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responses were provoked by the culture at the DWAF,
where all the necessary WDM documents and project
plans were available, but where initiatives were contin-
uously stymied by the traditional water management
mentality, the endless committee meetings and the
lack of acknowledgement by organizational leadership
(Singh 2004). 

Singh’s (2004) account strongly contradicted an
earlier external assessment by Tsinde (2001). The
Tsinde report (2001: 14) said that “the inclusion of
provisions supportive to WDM in legislation [was] in-
dicative of political will at the highest level of govern-
ment” and that this “political will [was] supported by
a vision as described in DWAF's strategic business
plan.” It also argued that an effective communication
strategy that conveyed the WDM mandate, priorities,
collaborative opportunities and lessons was in place.
The evidence from later research contradicts that
early assessment: Singh (2004) argues that while the
situation is slowly changing, and “immense progress”
is being made, DWAF’s “greatest failure is [that it has
been] unable to conclusively formalize and institution-
alize WDM into WRM procedures.” Singh (2004)
blamed this failure on the “institutional resistance, a
lack of information and training, old habits and prac-
tices of the group.” 

These frustrations are echoed by others operating
in the South African water sector. Hazelton (2002: iv),
a long-time consultant and recognized WDM expert,
has stated that the “entrenched supply-side manage-
ment orientation and ethos of neglect for WDM
means that water sector professionals are trained to
build dams and install pipelines, but are rarely taught
anything about demand-side management” and that
“this bias for 'ribbon cutting' projects is maintained by
political forces who believe that such projects are all
that is needed to catch votes.” Therefore, in contrast
to the government documentation, the interview evi-
dence hints strongly of unresolved intra-organiza-
tional problems within the DWAF and its water-effi-
ciency directorate. It would seem that, though the
explicit knowledge may have been dispersed through
DWAF, the tacit knowledge was much less success-
fully addressed.

While traditional water management thinking still
exists today, such as the construction (and likely
expansion) of the Lesotho Highlands Water Project
(Buckle 2004; Hazelton 2004), South African water
managers at local and national levels, as well as in the
private sector, have been exploring the potential
WDM applications. McKenzie (2004), of WRP Engi-
neering, recalled the significant changes in the South

African water sector: “when we started the company
five years ago, we were 100 % supply-orientated, and I
started the new section for demand management, and
the demand management work is now getting in 50%
of our income, in five years. It’s gone from nothing to
50 % in five years.” In some cases, this shift seemed to
be in direct conflict with the government’s social
agenda. The push to make water services more cost-
effective, improve use efficiency, and increase munici-
pal revenues through increased tariffs and controls
seems to run counter to the basic water and wastewa-
ter service expansion and secure provision (van der
Linde 2004).

32.4.3 Learning from South African WDM

Transition toward a viable, fully implemented WC/
WDM strategy in South Africa remains difficult. The
South African office of the World Conservation Un-
ion (IUCN-SA 2001) concluded that water demand
management “is not yet an intrinsic part of water re-
source planning and management” within institutions
or with water practitioners and decision-makers
(World Conservation Union 2001: 4). Even though
there is ample evidence of progress toward the con-
ceptualization of WC/WDM, the findings suggest
that there might be a serious disconnect between the
WDM awareness or information and actual policy im-
plementation in the region (Hazelton et al. 2002). Yet
progress is being made within municipalities, through
the efforts of non-governmental and private organiza-
tions, and through DWAF’s activities. Recognizing this
social contribution – in a sense, the equal importance
of institutional capacity, individual capabilities, com-
mitment, and a willingness for collaboration at all lev-
els of decision making – is likely just as critical as hav-
ing the available technical and financial elements in
place. 

32.5 Lessons and Issues for Israel and 
Palestine 

In this section, key issues and opportunities to move
water demand management toward a strong govern-
ance role in Israel and in Palestine will be briefly out-
lined. The specific ways in which that role is imple-
mented are sure to differ in the two nations. Such
differences do not have their origin in points of prin-
ciple but in differences in states of: a) economic devel-
opment – Israel has a much higher national income
than Palestine; and b) political development – Israel is
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an independent, democratic nation, whereas Palestine
has been occupied militarily for most of the past four
decades and constrained in water management,
among other aspects of dependence, throughout its
history. Happily, both Israel and Palestine are well
supplied with people experienced in water manage-
ment in governments, in universities, and non-govern-
mental organizations. Unhappily, in both nations wa-
ter demand management continues to be treated as a
technical issue without being embedded in its socio-
economic and political context.

32.5.1 WDM and Saving Water

Though few people deny that WDM is important,
most assume that WDM will reduce water use. This is
not a good assumption, and it will be particular weak
in Palestine. Analysis of linkages between WDM and
saving water will likely show that the Israeli response
will resemble what happens in richer nations (Gleick
2003). Water withdrawals will be decoupled from
population and economic growth, which will lead to
stable or even declining absolute levels of water use.
In contrast, the Palestinian response to WDM will re-
semble what happens in poorer nations. Water with-
drawals will not only track population and economic
growth but, for some time, will increase more rapidly
to meet unmet needs. However, specific water use
(the volume of water need for some task) will decline
as end-use efficiency increases in the domestic and ag-
ricultural sectors.

32.5.2 Institutional Design for Water Demand 
Management

Almost all case studies and national presentations at
the four WDM forums sponsored by IDRC criticize
their national institutions managing water. If this is
not remarkable in itself, the strength of the criticism
is. Words, such as mismanagement, obsolete, out-
dated, anarchic, and lack of motivation, frequently
appear (Brooks 2004). Quasi-independent agencies,
as with those that manage the Litani and the Jordan
River basins, are regarded as performing better than
other water agencies, but they are by no means ex-
empt from criticism.

Apart from a common separation of the institu-
tions for drinking water from those for irrigation, and
from a tendency to centralize direction and decentral-
ize operations, views on appropriate institutional de-
sign vary widely. It is not clear which tasks should and
which should not be assigned to the central agency, or

where agencies for WDM should be placed in bureau-
cratic hierarchies. Experience with energy suggests
that significant progress will not occur unless some
agency is given specific responsibility for water use ef-
ficiency and unless that agency has sufficient ranking
in the bureaucracy and sufficient budget to affect de-
cision making. No one argues that there is no one
best way to organize for WDM, but greater success is
apparent when responsibility for both fresh water sup-
ply and wastewater disposal lie within the same struc-
ture. Intellectual and judicial independence from cen-
tral government also seems to help.

32.5.3 Extensions of Existing Policies

There is broad agreement in MENA about the need
to allow water prices to increase until they cover full
costs, but much less agreement about how to help
those households that cannot afford to pay more.
Saghir (2004) suggests that, instead of subsidizing the
price of water, we instead subsidize access to water.
As Palestine moves toward managing its own water
systems, this approach could reduce budget outlays
and increase effectiveness. Lower connection fees and
increasing block rates would go far toward this result.
If, however, governments prefer to offer water at sub-
sidized prices to low-income people, they need to be
more imaginative about designing the rate structure to
avoid transferring the much of the subsidy to richer
consumers.

Distortions in pricing of agricultural water are ra-
tionalized as a way either to support small or remote
farmers, or to maintain national security and foreign
exchange earnings. Both sets of criteria need to be jus-
tified, but almost surely the former are more appro-
priate than the latter. Even there, it would likely be
more appropriate to find ways to improve farming
practices and provide better ways to get products to
market. On the other hand, great care should be exer-
cised before removing existing non-price methods for
allocating and distributing water among small farm-
ers. Traditional methods always have some embedded
elements of both efficiency and equity. Where they
typically fail is in accommodating to modern market
conditions.

The range of policies and practices for pricing
treated wastewater is very wide. It is not even clear
how to determine what is the economically ideal pric-
ing patterns (taking account, among other things, for
avoided environmental damages and lower total waste
disposal costs). Related work should also seek to es-
tablish pricing patterns that put the burden of waste-
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water treatment on those who cause the pollution
while simultaneously making farmers and industries
that can use treated wastewater pay for the additional
treatment and distribution costs. At local levels, pric-
ing patterns that promote the re-use of greywater for
market gardens, something that is becoming more
common in Jordan and Palestine (Faruqui/Al-Jayyousi
2002), also deserves attention.

Making multi-stakeholder participation work over
greater geographic areas and at higher management
levels has great potential (delli Priscoli 2004). Can
participatory irrigation management, for example, be
extended from local feeder and district canals? And, if
participation is so appropriate for irrigation, why not
something comparable for household water in urban
neighborhoods? Guidelines are needed for matching
higher and lower levels of authority, with due atten-
tion to varying livelihoods, cultural patterns, and hy-
drological conditions (Narain 2004). Ironically, this
sort of approach might be equally applicable to Is-
rael’s heavily centralized system and Palestine’s some-
what chaotic decentralized system. Palestine could
lead the way, given the role that NGOs such as the
Palestine Hydrology Group and Ma’an have played.

32.5.4 Extending the Concept of WDM

To now, the role assigned to WDM has been limited,
but, once conceived as governance, the opportunities
multiply. We note a few very briefly below. In addi-
tion, macro issues, such as rates of demographic
growth (Naff 1996) and changes in industrial structure
(Beaumont 1994; Becker/Lavee 2002), should be con-
sidered as part of a full WDM strategy.

If global climate change models are correct, the
region will experience more frequent and longer
droughts in the future. Adaptive water demand man-
agement strategies could make MENA more resilient
to drought, but significant study would be needed to
determine which measures, and how and when they
should be applied (Moench/Dixit 2004).

Though really a supply technology, rainwater har-
vesting is so much a part of local management, and so
dependent on strategies to moderate demand, that it
is conveniently considered as part of WDM. What is
needed today are policies that can promote its role in
water management at household and community lev-
els, and that link rainwater harvesting to efforts to in-
crease revenue generation from markets outside the
local community.

Extraction of groundwater is more tightly control-
led in Israel than in Palestine (Trottier 1999). The re-

search question is not whether to control well drilling,
but how to do so. Groundwater is a resource that be-
longs to the public, and, in principle, no one should
have the right to withdraw it without payment for its
value. Recent work on what is coming to be called the
6th Great Lake (the groundwater basin) in North
America suggests the analysis needed in MENA to
“take into account water quantity, quality and ecosys-
tem integrity” (Galloway/Pentland 2003).

Israel is contemplating private sector participation
for water (Chenoweth 2004), but not Palestine. Given
Israel’s essentially complete coverage of water meters
and its relatively efficient delivery system, the record
does not lead one to expect any major gains in WDM
from the private sector. However, more imaginative
approaches can be devised, as with energy service
companies that take over energy management of
industrial plants and residential complexes and make
profits from re-designing the system for greater effi-
ciency at no increase in cost to consumers. The WDM
past of the private sector may not be a good guide to
its future.

32.6 Conclusion

Apart from those issues specific to their conflict, the
fresh water problems of Israel and Palestine do not
differ markedly from problems elsewhere in the re-
gion. The MENA region includes nearly three-fourths
of the nations in the world with internal renewable
fresh water resources below 1000 cubic meters per
capita. Despite scarcity, demand management has his-
torically received far less attention than supply man-
agement. This situation has to change, and not just by
introducing new techniques but by treating water de-
mand management as a major component of govern-
ance. The region has both the opportunity to become
a world leader in demonstrating how water demand
management can bring about major improvements in
quality of life and in standard of living for its citizens.
Perhaps the message is getting through. The Confer-
ence on Water Demand Management held in Jordan
in 2004 (see at: <http://www.mwi.gov.jo/IWDMCP/
Index/MON.htm>), and attended by 742 people from
38 countries, would have been unthinkable just a few
years ago.

Though linked in water scarcity with the rest of
MENA, the greatest impetus for WDM in Israel and
Palestine may come not from pressures to improve
efficiency but from the imperatives of the peace proc-
ess. Almost every significant watercourse on which
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they depend is shared by the two nations. When a
peace treaty is signed between them, formal arrange-
ments, much like those in Annex 2 of the peace treaty
between Israel and Jordan, will have to be included.
Only if both nations go much further in water
demand management – not just intentions, but actual
implementation – will such arrangements be feasible.
Israel and Palestine have much more to gain from
cooperation than from conflict over water, and a large
part of that cooperation will be water demand man-
agement practices promulgated and enforced within
each nation individually.
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Abstract

The chapter deals with a potential strategy to combat water scarcities in the Middle East,
a condition which might accompany the Middle East socio-economic policies for many
years to come. That strategy is defined as ‘water demand management’, or ‘water conser-
vation’ as well as the ‘increase of water use efficiency’. These three definitions have
become a major paradigm shift from the conventional supply management of water to the
management of the demand side, producing additional quantities of water for the imme-
diate needs of the society, through the creation of ‘virtual’ quantities of water, whether by
conservation strategies or by increased agricultural and industrial production per unit of
water, as well as the import of water intensive agricultural products and decreasing exports
of such products. The experience of Israel in Water Demand Management (WDM) is pre-
sented as a potential and powerful instrument to enhance socio-economic prosperity and
growth with limited water quantities, available for the societies.

Keywords: Water Demand Management, Water Conservation, Efficient use of
Water,Water Economic Issues, Water Use Technologies, Legal Aspects, Virtual Water

33.1 Introduction

Israel was established in 1948, a semi arid country,
having a population of 650,000, a GDP of $ 300/cap-
ita and was using approximately 300 m3 of water per
person annually for all uses. In 2003 Israel has
reached a population of 6.8 million persons, a GDP of
$ 15,000/capita, and maintained the approximate
parameter of 300 m3 of fresh water per capita, despite
the large increase in personal and income.

The country balances its agricultural production
for consumption exports and imports. Following the
total development of its fresh natural water resources,
an intensive national campaign of water conservation
was started and improved efficiency in water use. In

addition, a comprehensive waste water treatment and
re-use – substituting treated effluents for farming fresh
water allocations – and together with importing
grains, saved thus saving large quantities of water, all
of which make up part of its national water resources
management and its Water Demand Management
Strategy (WDMS). 

The pioneering works and the resulting R&D ef-
forts of Israel, have influenced a number of other
countries and global regions, as water conservation is
becoming an indispensable global need. As other
countries in the Middle East suffer from similar, or
more acute levels of water scarcities, they are begin-
ning to Adopt the WDMS concept which Israel has
developed. The global situation can be summarized in

1 The paper is partially based on papers appearing in
other publications
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the following paragraphs, while the situation in many
developing countries is much more critical.

Recent studies indicate that more than 40 per cent
of the world food and agricultural needs are pro-
duced on irrigated lands. As the developing countries
and especially the urban populations in these coun-
tries continue to grow at a rapid rate, the forecast
food and agricultural demand will increase the pres-
sures on the dwindling water resources in both devel-
oped and developing countries. As most of the feasi-
ble water resources in river basins as well as in the
aquifers, have already been connected and used, one
can not avoid asking the questions, from where and
how will the demand for more food and water be
met.

33.2 Water Economic Issues Related to 
Water Demand Management 
(WDM) 

The following three issues are the basis of the WDM
policies in Israel: irrigation, urban and industrial
water use. When population grows, the water it relies
upon becomes scarce; there is not enough water to
satisfy the needs and wants of everyone around. In a
world of 6+ billion people, water is becoming scarce,
in many cities and countries of the world.

In most cases, when water is scarce it is costlier to
develop and to use. Therefore, when a person, a
farmer or an industry uses water in an area where
water resources are limited, that quantity of water is
not available to another farmer, a city or an industry.
The productive value of the water on the farm or the
site where it is missing is the ‘shadow cost of water’. 

Efficient use of water means that the contribution
of water to human welfare is the optimum that may
be achieved. Where people are poor and where food
supply is not always assured, the contribution to agri-
cultural production is a contribution to welfare.
Where water is used for human consumption, in ur-
ban or rural areas, it should be allocated to satisfy ba-
sic needs of all. This basic need is a human right.

The failure to realize that scarcity requires a careful
allocation of water and that such allocation is often
not assured in ‘hands-off policies’, is one of the roots
of inefficient use of water. The other problem is the
failure, or the absence of political courage, to realize
that over-utilization and pollution of water destroys
the water and economic resources – aquifers, rivers,
soils, lakes, and habitats. This last failure is regarded
sometimes as problems for future generations to

solve. However, these generations are already living
with us, and will suffer the consequences. 

Experience in Israel has also taught us that, wher-
ever successfully applied, markets and water prices
could become highly efficient instruments of alloca-
tion, promoters of water use efficiencies and conser-
vation, This would minimize the impacts and risks
associated with water scarcity. 

Correct water prices are cornerstones for eco-
nomic policy in the sector and function in the follow-
ing ways: We learned that the first role of prices, to
provide information, is the least understood. The cor-
rect price will reflect the cost of water to society; that
cost materializes only under scarcity. The product not
produced where the water is missing is its cost.
Shadow prices will thus reflect the cost of the re-
source; this was the basis for the decision on ‘ab-
straction fees’ that have been imposed in Israel since
2000.

When water prices reflect their real economic
value, farmers, industries and households will utilize
water more efficiently. Prices are not intended to en-
courage people to use less water; their aim is to pro-
mote the use of the right quantity of water – on the
farm, in industry, households and the urban sector. 

However, prices also transfer income. Failing to
understand the information and allocation role of the
prices, farmers and urban dwellers usually oppose the
adequate price system. They see it only as a means of
income transfer. But prices will encourage efficient
use of water, and will increase, not reduce, income in
rural and urban communities alike. It will reduce the
reliance of water users on the whims of the political
powers-to-be and their servants. Water is intended to
satisfy the basic needs of all members of society thus
must be under public control, especially in water
scarce regions and dry ones, when prices by them-
selves can not maintain the needed, just and adequate
distribution.

33.3 The National Water Resources 
Management Strategy

The main instruments and components of the na-
tional ‘water resources management strategy’
(WDMS) are the water supply and demand manage-
ment programs (figure 33.1). 
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33.3.1 The Supply Strategy

A nation-wide development of (surface and ground)
water resources as well as the construction of regional
projects connecting all resources to a network was
completed when water surpluses were transferred
from the relatively water abundant north to the water
scarce center and south. This National Water Carrier
(NWC) interconnected all regional projects, thus
comprising the National Water System (NWS). That
investment enables the authorities to maintain a bal-
anced national pumping pattern, monitoring hydro-
geological conditions at all times and throughout the
country. Desalination of brackish and sea water has
become the main instrument of adding water quanti-
ties when natural resources and re-use do not meet
the growing demand for water.

33.3.2 The Demand Strategy 

The main tools used to achieve the national demand
water management objectives are:

33.3.2.1 Legal Basis, Pricing and Economic 
Policies 

In 1959 the ‘water law’ was passed by the Parliament
declaring all water resources to be public and estab-
lishing a water commission to regulate, monitor and
manage the country’s water resources. A total water
metering system was completed as well with progres-
sive block rates for every farmer, house, apartment
and industry. Prices are updated automatically with a
cost of living formula and a minimization of subsidies.
In 2000 water abstraction fees were approved by the
Parliament and implemented.

33.3.2.2 Re-Use of Sewage Effluents

Regulations have been legislated in order to increase
the quality levels of sewage treatment plants and their
effluents to maximize re-use potential and minimize
the health and environmental risks. They are also en-
hancing the trading potential for their exchange for
fresh water allocations, mainly for irrigation. Since the
1990s the allocation policy for irrigation has concen-
trated on reduction of fresh water quantities to the
farming community and replacing fresh water with
treated wastewater effluents. The total sewage costs
are borne by the city, while the re-use component
costs are borne by the water sector. Israel had reached
a 65 per cent re-use levels, by 2003, or almost 50 per
cent of the total irrigation sector is now using treated
sewage effluents (see figure 33.6). 

33.3.2.3 Water Conservation and Improved 
Efficiency of Water Use

Continued policies concentrate on mixed tools in-
cluding: (a) allocations, norms and progressive block
rates for each sector, and (b) research, development
and implementation of agronomic techniques (the
most famous of which were the large scale implemen-
tation of drip irrigation techniques and automation of
irrigation) changing of cropping patterns based on
the product value per unit of water (figure 33.2). 
In parallel, there has been wide-scale implementation
of technological means to improve water use effi-
ciency and reduce water consumption in the urban
and domestic sectors, commercial, industrial and the
introduction of drip irrigation and automation to the
urban parks and gardens (figures 33.4 and 33.5).

Figure 33.1: Map of the National Water System of Israel.
Source: Mekorot -National water corporation.
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33.3.2.4 Water Allocation for Agricultural and 
Industrial Production 

The irrigation water allocations are based on norms
developed by the agricultural research community to-
gether with the farmers, reflecting the potential eco-
nomic gains by introducing new irrigation technolo-
gies, changing cropping patterns, and moving away
from crops where the product value per unit of water
is relatively low, such as grains. A similar policy was
adopted by the industrial sector following a survey
done to move toward a reduction of water usage per
unit of product as well as the reduction of the pollu-
tion caused by the industry. An implementation policy
followed the surveys which prioritized strategies, engi-
neered a work establishment of special funding instru-
ments and sanctions, a nation-wide program for each
industry, and finally ending with a normal allocation
system based on water quantity per unit of production
(figures 33.2 and 33.3).

33.3.2.5 Urban Sector Water Metering, 
Replacement of Older Pipes, Electronic 
Monitoring and Retrofitting Campaigns

The double-volume toilet flushing basins recently re-
designed, manufactured and now enforced by law as
well as flow and pressure regulators on taps and
showers were the basis for 25 years of a program. The
results are shown in figures 33.4 and 33.5. The urban

consumption of Israel has hardly changed on a per
capita basis, despite an increase of 300 per cent in the
GDP during the last 40 or so years. Comprehensive
and total retrofitting has yet to be completed. 

33.3.2.6 ‘Virtual Water’ Policy

In the 1960s, when realizing that water resources will
not meet the demand, the authorities made the diffi-
cult decision to import a majority of its grain needs
instead of growing them in Israel. In today’s figures
this means the ‘Virtual Import’ of almost 3 billion
cubic meters of water annually, almost twice the total
availability of fresh water resources in Israel. 

33.3.2.7 Internal and Possible External Water 
Markets 

The authorities as well as the Israeli Parliament have
recently approved a change in the water code enabling
holders of water allocations to sell their permanent or
temporary allocations to others by transferring the
actual transaction via the national water carrier, thus
opening the sector for a market-like operation. This is
a policy that the water commissioner's office has been
implementing for years by trading fresh water with
treated sewage effluents. This market concept could
well serve and even promote peaceful exchanges of
water between the countries of the Middle East. 

Figure 33.2: Real Agricultural Production per Unit of Water. Source: Prof. Yoav Kislev, Hebrew University Israel (based
on Central Bureau of Statistics: Israel Statistical Abstract.
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33.3.2.8 Sea Water Desalination

As a result of the recent dry spells and growing water
demand beyond natural recharge, the government has
decided to initiate and accelerate the construction of
the Reverse Osmosis Sea Water Desalination Plants
(ROSWDP), adding about 10 % to the total fresh wa-
ter availability of the country in 2005/6. This follows
a period of intensive research and development and
significant cost reductions of ROSWDP based mainly
on local changes in the design of these plants, during
the international tenders of Israel in 2001 and 2002.
This decision also includes the completion of nation-
wide treatment and re-use of all of its treated waste
water (tertiary and secondary treatment) and alloca-

tion of these new sources of water to the farmers in
exchange for their fresh water allocations. This policy
and investment will allow the country to indefinitely
continue its socio-economic growth, despite the in-
crease in population and standard of living, in addi-
tion to opening the door for potential solutions to wa-
ter conflicts between Israel and its neighbors. 
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Abstract

As recognized internationally the Palestinian territories are among the most deprived
countries in the world when it comes to the water resources. This is due to the fluctuating
political, social and economic conditions which resulted in very weak institution perform-
ance indicators. This chapter used international social and economic indicators and Water
Poverty Index (WPI) as a common ground for various indicators as an attempt to build
future demand scenarios. An increasing gap was found between water supply and demand.
Based on Falkenmark’s (286.20 m3/C/yr), Water Availability Index (-0.39) and basic water
needs, it was found that water scarcity is the main constraint to life. 

The conventional WPI-approach showed that availability, access and time were 22.49 per
cent, 55.25 per cent, and 6.82 per cent respectively. The corresponding WPI value was 51.63
per cent. However, based on a holistic WPI-approach, the values of R, A, C, U and E were
found to be 22.5 per cent, 52.8 per cent, 36.0 per cent, 69.0 per cent and 40.8 per cent
respectively. The corresponding WPI was 44.2 per cent when equal weighing (0.2) was
used. The WPI for the West Bank was lowest compared to neighboring countries. Moreo-
ver, the WPI decreases slightly as population increases rapidly. Finally, increases of 100
MCM/year and/or GDP slightly shift upward the WPI due to a lack of capacity and acces-
sibility to resources. 

Keywords: Accessibility, availability, capacity, environment, indicators, water resources,
socio-economic, Water Poverty Index (WPI).

34.1 Introduction 

34.1.1 Water Resources in the West Bank

The West Bank is the eastern part of historic Pales-
tine. Water in the West Bank comes originally from
rain water (150 to 700 mm/year (PHG 2004)). The
total quantity of rainfall on the West Bank is 2248 mil-
lion cubic meter (MCM), 68, 3.2 and 28.8 per cent of

these quantities are distributed as evapotranspiration,
surface runoff and natural recharge, respectively (Abu
Zahra 2001). The main fresh water resource in the
West Bank is ground water, this quantity is abstracted
from three main aquifers, the eastern aquifer (Safe
yield = 172 MCM/year), the north-eastern aquifer
(safe yield = 145 MCM/year) and the western aquifer
(safe yield = 362 MCM/year), whereas, 69 MCM per
year are utilized by Palestinians in the West Bank (Arti-
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cle 40 of Oslo B agreement). 297 springs and seeps
are distributed over the West Bank, of which, 291 (53
per cent of the total discharge) are discharging water
of excellent quality (Abu Zahra 2001) and 6 springs or
groups of springs are of a brackish nature. The total
reported discharge of these springs is 24-119.9 MCM/
year (Nuseibeh/Nasser Eddin 1995) that are mainly
used for irrigation. 

Seasonal wadis are also considered as a considera-
ble water resource; their annual quantity is approxi-
mately 74 MCM/year (52 and 22 MCM/year in the
eastern and western wadis, respectively). Only a low
percentage of this quantity can be utilized as a result
of a lack of infrastructure essential for collection, stor-
age and distribution on a large scale. This is also true
for urban (14 MCM/year) and natural (70 MCM/
year) runoff (Abu Zahra 2001). Additionally, rain
water harvesting in cisterns has been a considerable
water resource in the West Bank, its annual quantity is
estimated as 6.6 MCM/ year. Finally, the Palestine
share of the Jordan River (257 MCM/year) has been
inaccessible since 1967 due to Israeli military measures
(World Bank 1997).

34.1.2 Water Supply in the West Bank

The actual available water is significantly lower than
1020 MCM/year due to the lack of accessibility to
groundwater and infrastructure needed to fully utilize
the surface water resources. The available water per
capita (water supply) differs considerably among West
Bank governorates; it ranges from 29 liter/capita/day
in Tubas governorate to 200 liter/ capita/day in Jeri-
cho (PWA 2002, 2003). Most of the water available
per capita is below the average value stated by WHO
guidelines (150 liter/capita/day). This could be attrib-
uted to a lack of accessibility to water resources and
poor water supply management. 

34.1.3 Water Demand in the West Bank

Domestic water demand can be calculated based on
WHO minimum domestic water consumption stand-
ards of 100 liter/cap/day. As the total population of
the West Bank was 2,372,216 (2005), then the annual
domestic water demand was 86.64 MCM. The agri-
cultural demand is 266 MCM/year (Jayyousi 2000).
The industrial demand is 201.36 MCM/year (Abu
Zahra 2001). Therefore the total water demand for
the three sectors is 554 MCM/year.

34.1.4 Water Poverty and International 
Measurements

Water poverty is a situation where a nation or region
cannot afford the cost of sustainable clean water for
all people at all times. To assess water poverty, it is
often essential to identify meaningful indicators so as
to get attention from decision makers and support
from funding agencies (Feitelson/Chenoweth 2002).
Indicators identify trends over time and provide a
basis for international comparisons (UK, Department
of the Environment, 1996). Useful indicators should
be measurable and the necessary data should be easily
obtainable (Gallopin 1997). They also need to focus
on the structural implements for the sustainable sup-
ply of water, to facilitate policy responses. 

Recently, efforts are targeted to develop meaning-
ful and measurable water indicators. However, most
of these indicators were shown to be lacking since
they do not reflect the current agenda in water re-
source management nor do they direct data collection
efforts (Feitelson/Chenoweth 2002). The Falkenmark
(1989) water stress indicator is one of the most com-
monly used indicators for describing water availability
in a country. According to Falkenmark, water availa-
bility of more than 1,700 m³/capita/year is defined as
the threshold above which water shortage occurs only
irregularly or locally. Below this level, water scarcity
arises in different levels of severity. Below 1,700 m³/
capita/year, water stress appears regularly. However,
below 1,000 m³/capita/year water scarcity is a con-
straint for economic development and human health
and well-being. Finally, below 500 m³/capita/year, wa-
ter availability is a main constraint to life (Falkenmark
1989). Raskin, Gleick, Kirshen, Pontius and Strzepek
(1997) criticized this indicator, as it does not reflect
the significant differences in water use patterns be-
tween countries. But Falkenmark (1989) initially fo-
cused on sub-Saharan Africa, where she assumed
countries need to be self-sufficient in terms of food,
due to their low purchasing power. Hence she de-
fined water scarcity and stress as a function of the
ability to maintain food self-sufficiency. 

The Water Availability Index (WAI) is another
approach that has been used to measure water pov-
erty. The WAI includes surface water as well as
groundwater resources, and compares the total
amount to the demands of all sectors, i.e. domestic,
industrial and agricultural demands (equation 34.1).
The month with the maximum deficit or minimum
surplus respectively is decisive. The index is normal-
ized to the range –1 to +1. 
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When the index is zero, availability and demands
are equal

where, R = surface runoff, G = groundwater resources
and D = sum of demand of all sectors. The basic
human needs index is another approach for water
poverty measurement that is based on water use of
water instead on water availability. Gleick (1996) quan-
tified the amount of water that a person needs for
basic water requirements (BWR), such as drinking,
cooking, bathing, sanitation and hygiene, as 50 liters
per person per day. 

These methods are useful in determining the wa-
ter situation of a country. However, other basic as-
pects were not taken into account in these methods.
Water quality and other water users, rather than do-
mestic use, such as industry, agriculture and nature
(environment) itself, were not considered in these ap-
proaches. Additionally, none of the indices noted so
far indicates the severity of problems from the socio-
economic dimension (Feitelson/Chenoweth 2002). 

Sullivan (2002) advanced an alternative notion,
suggesting that water poverty should be an aggregate
index based on the percentage of water being used in
a region combined with the percentage of the popula-
tion with access to safe water and sanitation, and the
percentage of the population with easy access to
water for domestic use. This index was called conven-
tional composite water poverty index (WPI). The for-
mula that gathers these elements is:

 WPI = wa A + ws S + wt (100-T)
[equation 34.2]

Where;
A: Adjusted water availability assessment (per
cent)
S: Population with access to safe water and
sanitation.
T: The index represents time and effort taken
to collect water for household. 
A,S and T are between 0 and 100.
wa, ws and wt : Are the weights given to each
component of the index (wa + ws + wt = 1).

The resultant from equation (34.2) is divided by 3 to
have a number between 0 and 100. 

Salameh (2000: 471) described a WPI as ‘‘the ratio
of the amount of available renewable water to the
amount required to cover food production and the

household uses of one person in one year under the
prevailing climate conditions.’’ While this index has
the advantage of focusing on the domestic sector and
poor people’s need, it too does not incorporate water
quality aspects, and does not assess the capacity to
address water issues. Further modification in the WPI
was reported by Lawrence, Meig and Sullivan (2002)
where the WPI was stated in a holistic way, combining
five components which are resources (R), access (A),
use (U), capacity (C) and environment (E). Each of
these components is derived from two to five sub-
indicators which are normalized to a scale from
0 to 1. The overall index is generated as a total of the
component values so that the value is between 0 and
100. Where, a value of 100 is only possible if a country
ranks best in all five components. WPI can be calcu-
lated according to equation (34.3) 

WPI = wr R + waA + wuU + wcC + weE
[equation 34.3]

34.2 Results and Discussion

The current population of the West Bank is 2,372,216
(PCBS 2005), the safe yield of groundwater is 679
MCM/yr (Oslo agreement 1995). Therefore, the an-
nual per capita water availability is 286.2 m3/capita/
yr. According to Falkenmark’s approach, water avai-
lability in the West Bank is a main constraint to life. In
addition, since domestic, agricultural and industrial
water demand respectively are 86.64, 266.00 and
201.36 MCM/year. Therefore, 

However, the available ground water accessible by Pal-
estinians (from wells and springs and cisterns) is only
124.6 MCM/year (Abu Zahra 2001). Consequently,
actual WAI is:

According to the WAI approach, water availability in
the West Bank is not sufficient to satisfy water de-
mand. Moreover, the value -0.633 means that the gap
is large and new water resources have to be intro-
duced to reduce this gap. In the West Bank, 86 per
cent of the population has access to safe water net-

DGR
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works (UNDP 2004). Table 34.1 shows the average
water consumption for the connected and uncon-
nected areas. According to the basic human needs ap-
proach stated by Gleick (1996), the average water use
is higher than 50 liters/capita/day. Therefore, the ba-
sic human needs are available except in few commu-
nities such as Tubas (29 liter/cap/day). Feitelson and
Chenoweth (2002) argued that the key word in dis-
cussing scarcity is availability. However, Sullivan,
Meigh et al. (2003) claimed that the availability of safe
water doesn’t automatically lead to poverty allevia-
tion. This may be so, but the fact that access to safe
water is a necessary condition for an adequate life. In
the West Bank, accessibility to safe water is connected
with availability.  

34.2.1 Water Poverty Index: The Conventional 
Approach

The conventional WPI (equation 34.2) can be calcu-
lated as follows: Adjusted water availability (A), as
mentioned before, domestic, agricultural and industrial
water demands are 554 MCM/ year. Consequently, 

Access (S) as the percentage of population with access
to safe water and sanitation respectively, are 86 and
24.5 per cent Therefore,

(100-T)

The median monthly income is 1,600 NIS (PCBS
2005). In the connected areas, the average monthly
water bill in summer and winter are 121.55 and 69.5
NIS1, respectively. However, for the unconnected ar-

eas, the average monthly water bill in summer and
winter are 194.64 and 35 NIS, respectively (PHG
2002). Accordingly, if the winter time is considered as
4 months then the weighted average of monthly water
bill is 104.03 and 141.42 NIS for the connected and
unconnected areas, respectively. Therefore, this
amount is equivalent to 6.5 and 8.8 per cent of time.
Therefore,

T = 6.5*86% + 8.8*14% = 6.82%.

And (100-T) = 100-6.82= 93.18%
According to the water situation in the West Bank,
availability of water is considered the main problem,
accessibility is considered less important and time is
considered the least important. Therefore, the sug-
gested two weighing methods that were considered in
calculating the WPI according to the conventional
method are:

Wa1 = 0.4, ws1 = 0.35 and wt1 = 0.25; and 
wa2 = 0.5 ws2 = 0.35 wt2 = 0.15

Accordingly, the WPI according to the first and sec-
ond weights are 51.63 and 44.56. 

34.2.2 Water Poverty Index: The Holistic 
Approach 

Resources (R)

As discussed before, the actual water resource is 124.6
MCM/year. The current water demand is 554 MCM/
year. Therefore, 

R = 124.6/554 = 22.5%
Access (A)

• As mentioned before, the percentage of the popu-
lation with access to safe water and sanitation are
86.0 and 24.5 per cent, respectively.

• The per cent of water demand by agriculture is
266/554 = 48.0 per cent

Therefore, 

A =52.83%
Capacity (C)

• GDP per capita = 1,051 (UNDP 2004) C1 =
1.051 %.

Table 34.1: Seasonal Water Consumption for Connected
and Unconnected Households in the West
Bank. Source: PHG (2002).

Connected Areas Unconnected Areas

Average family size 7.49 
persons

Average family size 8.36 
persons

Average monthly water use 
in summer 26.06 m3

Average monthly water 
use in summer 18 m3

Average monthly water use 
in winter 20 m3

Average monthly water 
use in winter 13 m3

%5.22
554

5.124 ==R

%25.55
2

5.2486 =+=S

1 One US $ is equivalent to 4.5 NIS according to the cur-
rent exchange rate.
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• Under-five mortality (per 1000) = 25 (UNDP
2004) C2 = 25t%.

• Education enrolment rate = 86 % (UNDP 2004)
C3 = 86 %.

• Gini coefficient = 0.32 C4 = 32 %.

Accordingly, 

C = 36%
Use (U)

• Domestic water consumption with total water
quantity = 71.41/1020 = U2 = 7.0 per cent.

• Proportion of GDP derived from agriculture = 9.6
per cent (MAS 2004). The actual amount of water
consumed by the agricultural sector is 90 MCM/
year, so the agricultural consumption = 90/1020 =
8.8t%. U2 = 9.6/8.8=109 %= 100 % 

• Proportion of GDP derived from industry = 14.7 %
(MAS 2004).

• The Domestic and Industrial water consumption
per capita in the West Bank 76 m3/year (Abu
Zahra 2001), therefore, the annual industrial and
domestic water consumption is 180, 29 MCM/
year, hence quantity of water consumed by indus-
try = 108.88/1020 = 10.7 %. U3 = 14.7/10.7 =
131.21 %. U3 = 100 %.

Therefore, 

U =  = 69.0%.

Environment (E)

Dissolved oxygen (DO), turbidity and total dissolved
solids (TDS) were in compliance with WHO guide-
lines for drinking water. Average DO in the West Bank
is 5.84 mg/liter, therefore, DO index is calculated as
follows:

The maximum allowable TDS concentration accord-
ing to WHO guidelines for drinking water is 1000
mg/liter. However, as TDS concentration increase,
water quality is deterio-rated, accordingly, the TDS
index is calculated as follows:

The nitrate concentration was used instead of phos-
phorus, this is justified by the increa-sing concentra-
tion of nitrate in the ground and surface water as a
result of pollution by wastewater from cesspits, cess
pools and agricultural activities (such as fertilizers,
pesticides and herbicides). The average nitrate con-
centration is 42.1 mg/liter (PCBS 2005). The highest
allowable concentration for nitrate according to
WHO guidelines is 50 mg/liter. Therefore, the nitrate
index can be expressed as follows:

According to WHO guidelines for drinking water, the
maximum allowable concentration for turbidity is 5
NTU. In the West Bank, the average value for turbid-
ity is 1.03 NTU; therefore, turbidity index can be
expressed as follows:

Therefore:

The total agricultural land area = 1.65 Million dunums.
Out of this quantity, 1.53 and 0.12 million dunums are
rain fed and irrigated (PCBS 2003). Additionally, 96.6
per cent of irrigated land uses pesticides, while pesti-
cides are used in 87 per cent of rain fed land. Moreo-
ver, the percentage of land using fertilizers/total culti-
vated land = 243,100/1,650,116 = 14.70 % (ARIJ 1997).
Therefore,

 

The percentage of threatened mammals and birds are
respectively, 5.3 (5/94) and 3.2 (12/378) % (PCBS
2003). Therefore,

3
1001007 ++

%33.83
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Therefore, WPI-holistic with equal weighting is 44.2
per cent. However, as the water capacity and accessi-
bility are the main reasons behind water stress in the
West Bank, the weights of C and A were taken as 0.3
each. and the weights of U and E were reduced to 0.15
and 0.05 respectively. The corresponding WPI - holis-
tic is 43.54 per cent. Palestine’s WPI value makes sense
when compared to WPIs of other countries. Four
neighboring countries were selected and were com-
pared to the West Bank in terms of WPI and compo-
nents values, GDP, and Gini Coefficient.

Figure 34.1 shows that the water conditions in the
West Bank are worse than those in the neighboring
countries, knowing that water resources are similar
when comparing the West Bank to Jordan and Israel. 

Figure 34.2 shows the different GDP levels in the
West Bank. The figure shows no correlation between
WPI and the level of GDP. This could be ascribed to
the limitation of accessibility to water resources. 

There are factors that are used in the calculations of
the WPI that are highly dependent on the GDP which
are the access and the capacity. Table 34.2 shows that
the West Bank suffers from low access, and low
capacity. In addition to the special conditions that

characterize the West Bank and pose a sever water
problem, the West Bank has other special problems
such as:

• The increase in relative water scarcity;
• Water quality deterioration;
• Inter-sectoral and inter-regional water allocation

conflicts;
• Poor cost recovery and operational performance,

and
• Out-of-date institutional arrangements (Dinar/

Salteh 1999). 

34.2.3 Future Water Situation in the West Bank

Three scenarios were selected to predict the future
water situation in the West Bank as follows that
assume no change in water resources (scenario 1), an
increase in water resources and an enhancement of
existing supplies (scenario 2), and improvements in
the economical situation (scenario 3).

Figure 34.1: WPI Components in the Neighboring Countries Compared to the West Bank. Source: Sulivan, J.R Meigh et
al. (2003).

Figure 34.2:  Effect of Increase of GDP on WPI. 

Table 34.2: Ranking of the West Bank with the
Neighboring Countries in Terms of WPI
Components.

WPI component Highest Lowest

Resources Lebanon Israel

Access Egypt West Bank

Capacity Israel Egypt

Use Jordan Lebanon

Environment Jordan and Egypt Lebanon
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34.2.3.1 Scenario 1: No Change in the Water 
Resources

In the light of the population projection conducted by
the PCBS (2005), the corresponding water demand is
shown in table 34.3: 

1: These figures were projected according to the
population growth rate; the corresponding values
for growth rate were calculated based on linear in-
terpolation. 

2: Demand is calculated depending on the WHO
guidelines for minimum domestic water require-
ments.

3: WPI value according to weights given as follow:
R,A,C,U and E equal to 0.2, 0.3, 0.3, 0.15 and 0.05
respectively 

Population growth leads to an increase of water
demand and consumption. This increase does not
affect the values of WPI significantly due to the fol-
lowing reasons:

1. Agricultural and industrial demand were consid-
ered to remain constant 

2. In the West Bank context, C and A are the main
factors to affect the WPI rather than U and R. 

3. Since the weights given to R and U were relatively
low, 0.2 and 0.15 respectively, this resulted in a
lower change in WPI. 

34.2.3.2 Scenario 2: Increase in Water Resources: 
Enhancement of Existing Supplies 

In this scenario the effect of increasing water
resources on the WPI was assessed. For the purposes
of this research, the increase in water resources is pro-
jected to be 100 MCM from Sea water desalination
and external water resources with 50 MCM/year for
each resource. As a result of the 100 MCM increase
the available resources become 224.6 MCM. The
increase in agricultural and industrial water consump-

tion was not included in this scenario. Table 34.4
shows the results of increasing water resources by 100
MCM/year on the WPI .

By looking at table 34.4, the following can be con-
cluded:

1. Due to the high increase in population, the
increase in water resources did not have a signifi-
cant effect on the value of WPI. 

2. The WPI in the West Bank remained the least
regionally (compared to Israel, Egypt, Lebanon
and Jordan) after the 100 MCM increase in water
resources. 

3. Water resources change plays a minor role in
affecting the WPI value; this is attributed to the
low value of other WPI components. 

4. The increase in resources is expected to create an
increase in demand (supply push). Therefore,
there will be a limitation for the positive shift in
the WPI.

34.2.3.3 Scenario 3: Improvement in the 
Economical Situation

This scenario calculates the WPI as the GDP/capita
changes. The current GDP/capita that is equal to
$ 1051 and the GDP in the best case that was $ 2,500

Table 34.3: Effect of Increase in Population Size on WPI Value for the Years (2005 to 2025). Agricultural and Industrial
Demands were Assumed to be Constant Throughout the Tested Period.

Year Population Growth rate
Domestic water 

demand
MCM/year 

Domestic water
consumption
MCM/year

WPI %

2005 2,372,216 3.0 86.64 71.41 43.27

2010 2,736,899 2.7 99.94 81.58 43.21

2015 3,110,489 2.4 113.61 91.85 43.16

2020 3,451,0991 2.1 126.05 101.91 43.12

2025 3,773,0821 1.8 137.81 111.42 43.09

Table 34.4: Values of WPI for the Years 2005, 2010, 2015,
2020 and 2025 After an Increase in Water
Resources by 100 MCM/year

Year WPI (%)

2005 46.85

2010 46.70

2015 46.56

2020 46.45

2025 46.34
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in the year 1999. The effect of GDP variation on WPI
values is shown in table 34.5.

It is noticeable that the increase in WPI as GPD/cap-
ita increases is minor. This introduces the problem of
the utilization of water resources. As the Palestinians
do not have the accessibility to all water resources
available due to the political barriers, the water condi-
tions in the West Bank will not improve significantly
unless Palestinians obtained full control over their
resources and they were able to utilize them effi-
ciently. Table 34.6 shows the values of WPI under the
assumption of GDP/capita that equals $ 1051 and dif-
ferent cases of control over resources are available.

According to table 34.6, it is clear that the full control
by Palestinians over their water resources will lead to
the desired result of sufficient water resources. Fur-
ther increase in WPI can be guaranteed if socio-eco-
nomic and environmental conditions were enhanced. 

34.3 Conclusions and 
Recommendations

The Palestinian water sector suffers from constant
change in the political and socioeconomic factors and
lack of access and capacity to their water resources.

An increasing gap was found between water supply
and water demand. Falkenmark’s approach
(286.20 m3/C/yr) and the Water Availability Index
(WAI = -0.39) showed that available and accessible wa-
ter resources are not sufficient. In addition, the basic
human needs index shows that basic needs of water
are not achieved for many communities.

The conventional WPI approach showed that the
values of availability, access and time were 22.49 per
cent, 55.25 per cent, and 6.98 per cent respectively.
The corresponding WPI value is 51.63 per cent. How-
ever, the WPI-holistic approach showed that the fol-
lowing values for R, A, C, U and E were found to be
22.50 per cent, 52.83 per cent, 36.00 per cent, 69.00
per cent and 35.36 per cent respectively. The corre-
sponding WPI was found to be 43.14 per cent when
equal weights were used (0.2). Finally, it was found
that an increase of 100 MCM/year and/or GDP
slightly shifts upward the WPI this is attributed to a
lack of capacity and accessibility to water resources.

New water resources and local alternatives have to
be introduced to bridge the gap between demand and
supply. In addition, the proposed mega-projects will
be unsustainable, politically unacceptable, and costly;
and have a minimal effect on the improvement of the
WPI. Moreover, the enhancement in environmental
policies and awareness is recommended to shift the
WPI. Finally, calculating the WPI at the community
level is essential to develop policies based on accurate
information.
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Abstract

This chapter proposes that a successfully implemented water conservation management
policy can play a role in Israel’s ability to increase physical, human and environmental
transboundary security. Fresh water reliability is critical to the security of any country, espe-
cially those which are arid and semi-arid in nature. In such regions annual rainfall is pre-
dictably unreliable and droughts are the norm. Thus, when water resources become addi-
tionally scarce due to compounding societal pressures, they may become a point of
tension between riparian neighbors who find themselves in competition for increasingly
scarce resources. Israel is tied by treaty, hydrology, and infrastructure to the water use of
its riparian neighbors - Syria, Lebanon, Jordan and the Palestinians – and has some minor
hydro-political ties to Egypt as well. As such, any analysis of Israel’s water policy must con-
sider domestic and transboundary security concerns.

Keywords: Environmental Security, Transboundary Water Resources, Hydro-politics,
Water Conservation Policy

35.1 Introduction

Israeli water use patterns are defined to a large extent
by two water policy processes. The first is the domes-
tic allocations made by the Water Commissioner and
the second is the determination of international water
sharing. Each year the Water Commissioner’s office
sets both allocations of water for consumer sectors,
defined by The Water Law as agriculture, industry,
domestic and nature, and for water withdrawal from
sources to meet those consumer allotments. This
process is somewhat political and can be responsive
to consumer sector interest groups who work to pres-
sure the government to increase their personal share
of the water available for any given year. 

As the Water Commissioner is supposed to guard
the long-term sustainability of the quantity and quality
of Israel’s naturally occurring water resources, he is
limited in his ability to allocate water based on the hy-
drological conditions that exist in any given year; thus

he utilizes ‘red lines’ as a tool to define the minimum
level any given water source is allowed to drop and
still be utilized in a sustainable manner. However, in
reality the ‘red lines’ have not been strictly kept and
the country’s naturally occurring water resources have
been over utilized to the point of continual deficit.
The Water Commissioner is also limited by the
amount of water determined by politics, diplomacy
and international relations as a transboundary re-
source belonging to Jordan, the West Bank and the
Gaza Strip. Though the quantity of designated trans-
boundary water resources is fairly stable, in any given
year they may have more or less of an impact on the
total water balance available depending on rainfall. 

In times of drought Israel tends to focus on con-
servation, as well as supply and demand management;
however in the absence of drought conservation was
traditionally downplayed. Recently, however, the Wa-
ter Commissioner’s office has looked toward long-
term planning for sustainability of water resources in
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Israel, supplemented by the production of additional
non-naturally occurring water resources to meet con-
sumer needs. Regardless of whether the water in ques-
tion is naturally occurring, created, or imported, Is-
rael is inextricably linked to the populations surround-
ing it. 

Syria and Lebanon, which border Israel to the
north and east provide the headwaters for Israel’s
main sources of fresh water – the Kinneret and the
Mountain Aquifer. Jordan, which makes up most of
Israel’s eastern border along the Jordan River, is pro-
vided with approximately 50 mcm of water per year
under the countries’ peace treaty. The Palestinian Ter-
ritories of Gaza and the West Bank sit on top of large
parts of the Coastal and Mountain Aquifers and are
serviced to some extent by Mekorot, Israel’s water
company. It is these links that make all Israeli water
resources essentially transboundary. Therefore any Is-
raeli water policy, whether based on conservation,
consumption, supply side management or demand
side management has a transboundary impact, and
vice versa (figure 35.1).

Thus, conservation policy, which is focused on de-
creasing overall water consumption in Israel, main-
taining and restoring water quality, and allowing natu-
rally occurring water resources to flow along their
natural courses outside of the boundaries of Israel can
have an impact on transboundary security. Imple-
mentable water conservation policy for Israel would
likely include a combination of technology to aug-
ment supply, carefully planned conservation measures
and use restrictions to reduce demand and applica-

tion of best practices in transboundary resource man-
agement. 

35.2 Methods

Field research was conducted in Israel over a three
and a half month period (May to August 2004) to an-
swer the question: What is the relationship between
Israeli Water Conservation Policy and transnational
physical, human and environmental security? The
methodology included conducting a series of qualita-
tive semi-structured interviews with Israeli water elites
and professionals (n=32) to develop a description of
Israel’s current water policy in terms of its implica-
tions for human, environmental and physical security
issues. 

35.3 Results and Discussion

35.3.1 Definitions

The results of this study rely upon the assumption of
several key definitions, which were adopted at the
beginning of the research process and held to
throughout the study:

• Conservation Policy: Formalized mechanism
whereby a government implements programs
designed to reduce consumption and waste in a
sector in a manner that is sensitive to the total
human ecosystem.

Figure 35.1: Analysis of the Impact of Israeli Water Policy on Transboundary Security 
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• Water Conservation: The protection of naturally
occurring water sources.

• Physical Security: Safe from harm, risk or loss, as
contrasted with harm, risk or loss of life or
destruction of material objects or structures.

• Human Security: Free from anxiety or doubt, con-
fident, as contrasted with breakdown of political
and or social systems or culture.

• Environmental Security: Not likely to fail or give
way, stable, as contrasted with degradation or
eradication of ecological systems.

• Transboundary Resources: Naturally occurring
movement of a natural resource across the borders
of more than one state or country.

35.3.2 Background

35.3.2.1 Brief History of the Use and Structures 
of Water in Israel

Israel was founded on a strong Zionist belief in mak-
ing the ‘desert bloom’ and turning the state’s Jewish
population into self-sufficient primarily agricultural
people who did not have to rely on the good graces
of its hostile neighbors, or on a world that had just
allowed the atrocities of the Holocaust to occur, for
any critical resources. Of course, in order to accom-
plish this, the state needed a consistent and control-
led supply of fresh water resources to meet domestic,
agricultural, and industrial needs. This was a compli-
cated matter due to Israel’s arid to semi-arid Mediter-
ranean to desert climate. In such an environment
drought cycles are the norm and there are intermit-
tent periods of above average rainfall. 

It is the rainfall, occurring primarily in the winter
months, which provides most of the naturally occur-
ring water in Israel. This naturally occurring water
flows through the Dan (occurring in Israel), Hasbani
(occurring in Lebanon) and Banias (occurring in Syria
and Israel) Rivers to accumulate in the Kinneret and
runs south down the Jordan River (which forms the
border between Israel and Jordan) to its natural out-
put, the Dead Sea and recharges the country’s two aq-
uifers, the Coastal Aquifer, which sits under the
coastal plane between Haifa and Gaza and the Moun-
tain Aquifer which sits primarily under the West Bank
and the Northern Negev. The north of Israel is typi-
cally the wettest and hosts the majority of the coun-
try’s natural water sources. Because of this, the young
state invested heavily in channeling the resources
south as part of what is today known as the National
Water Carrier (NWC), tapping natural springs and
developing wells and pumping stations to harvest the

aquifers. Fresh water reliability is critical to the secu-
rity of any country, especially in those which, like the
Middle East, are arid and semi-arid. Furthermore, nat-
ural water systems in such regions are frequently trans-
boundary which can result, without good manage-
ment in the benefit of one State at the expense of
others which frequently leads to international ten-
sions. For Israel and her neighbors, this has been the
situation for over half a century. 

35.3.2.2 Structure of Israeli Water Policy

Within Israel the guiding water legislation is The Wa-
ter Law. Adopted in 1959, it provides that water re-
sources are public property and cannot be privately
owned, but that persons can have water allocated to
them under a centralized prioritization system. The
Water Law also assures that a sufficient quantity and
quality of water will be allocated to all users by the
Water Commissioner, who is currently situated within
the Ministry of Infrastructure.1 The Israeli govern-
ment is further authorized to take steps to prevent wa-
ter pollution, deal with scarcity and determine what
sectors are the most important to provide water re-
sources to. 

According to documents provided by the Water
Commissioner, which were written in 2002, “National
water planning is, consequently, based on maximum
water conservation, optimum management of water
resources and careful water allocation”. It is impor-
tant that The Water Law includes the principle that
consumers of water should be involved in the alloca-
tion system, thus providing the opportunity for strong
interest group influence on water policy. 

1963 saw the addition of The National Parks, Na-
ture Reserves and National Sites Law which created
the legal mechanism for a state-run system of Na-
tional Parks and Nature Reserves to be managed by
the Park and Nature Reserve Authority. Shortly there-
after, in 1965 Israel passed The Streams and Springs
Authorities Law, creating the Stream Authority which
was charged with preserving the landscape and nature

1 Until summer 2004 the Water Commissioner allocated
water for domestic, industrial and agricultural uses. In
2004 the Water Law was amended to include nature as
a consumer. All transboundary water allocations are
determined by political and diplomatic processes which
occur outside of Israel’s legislative and water-oriented
government processes. Thus, the discussion below is
only relevant for the historic responsibility of the Water
Commissioner to allocate among domestic, agricultural
and industrial consumers by region.
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of streams and springs for gardens and recreation for
all areas outside of the national park and nature re-
serve system. There are three other primary govern-
ment entities involved in Israeli water management.
The Ministry of Environment has the authority to en-
force environmental standards to prevent pollution to
water resources. Mekorot, a government-owned com-
pany that builds and operates the National Water Car-
rier system, supplies most of the water to Israel and
some to the Palestinians at a cost set by the govern-
ment. Tahal, a government-sponsored engineering in-
stitute, traditionally acted as the country’s water plan-
ner and information collector. 

35.3.2.3 Understanding Water Security in the 
Middle East

If security, “is about the ability of states and societies
to maintain their independent identities, as well as
their physical and functional integrity” (Gleick (1993),
then water security can generally be thought of in
terms of maintaining a reliably adequate quantity and
quality of resources for any given need. It becomes ob-
vious that these needs are met when there is environ-
mental, human and physical security, which will be
able to occur when society is able to have the ingenu-
ity to deal with unexpected, as well as expected, cir-
cumstances such as drought or other disasters which
alter the reliability of available water resources
(Homer-Dixon 2001). 

Physical security issues may arise where there are
limited resources that “can be easily exhausted or de-
graded” and are shared between and/or among states
(Brunee/Toope 1997). Because of the nature of such
resources, like water in the Middle East, peaceful co-
operation between neighbors may cease to occur and
potentially “hostile interstate relationship[s]” may be
the replacement relationship (Gleick 1997). Where
this hostility becomes actual aggression there is a legit-
imate hydro-political conflict. Though this is a rare oc-
currence, Postel and Peterson (1996) show how con-
flict most frequently arises between any two countries
over natural resources, such as water supply under
one or more of the following scenarios: 1) depletion
or degradation of a resource (shrinking pie); 2) popu-
lation growth that forces the division of the resource
(smaller pie slices); or 3) unequal distribution (varying
sizes of slices). In the Middle East this is recognized
most readily in the Jordan River watershed where
there is not enough water for the entire demand of
the basin and political tensions between riparians of
the basin arise, at least partially, because of this water
crisis. Such tensions and hostilities may, in certain cir-

cumstances, lead to a direct threat of loss of life or de-
struction of the built or natural environment. A fur-
ther threat to physical security in the region is the
potential for “damage to or destruction of a nation’s
water supply and water quality infrastructure by ter-
rorist attack [that] could disrupt the delivery of vital
human services, threaten public health and the envi-
ronment and cause loss of life” (Copeland/Cody
2002). This may involve a breakdown of technical and
technological systems which contribute to the func-
tionality of society.

Human security relates directly to the stability of
social systems, government structures and the way of
life of a culture or population. At its worst, human se-
curity situations involve mass migrations, as people
flee a place because it has become unfit for human
habitation due either to conditions related to physical
conflict, ecosystem changes due to other activity, or
naturally occurring processes which cause lack of suf-
ficient supplies of water for food production, sanita-
tion and direct consumption (Postel/Peterson 1996).
At best, a lack of human security can significantly re-
duce the policy options available to a government
(Brunee/Toope 1997). Thomas Homer-Dixon (2001)
has considered this in terms of an “ingenuity gap,”
which occurs when a society cannot adjust to environ-
mental stresses which may cause additional societal
breakdowns such as riots and insurgency. This is an is-
sue in the Middle East because it is questionable
whether the minimum water requirement as defined
by the Helsinki Rules, of 125 m3/ person/day, defined
by Hillel Shuval (1993) as essential for human survival
in a developed state, can be met for even the current
regional population. The region’s water shortage is
compounded by the externalities of agricultural, ur-
ban, and industrial development which cause negative
effects on the region’s water quality.

Environmental security is the basis for both hu-
man and physical security. In the Middle East this is
an issue because the water quality problems when
combined with the over utilization of naturally occur-
ring resources are contributing to diminishing aquatic
ecosystems which assures, as posited by John Lyle Till-
man (1985), an unsustainable human ecosystem. Ex-
amples of this in Israel include the decline of the
Dead Sea, the potential eutrophication of the Kin-
neret due to overloading of nitrates, the Kishon and
Yarkon Rivers’ toxicity and the pollution of aquifers.
When aquatic ecosystems breakdown in an arid or
semi-arid region in this way because of water quality
problems related to the presence of bacteria and toxic
materials and unsustainable harvesting, the remaining
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quality and quantity of water make it impossible to
rely on what are known as “intergenerational resource
transfers” (Allan/Mallat 1995). Where the resources in
question are transboundary in nature the environmen-
tal security issues will inevitably become transbound-
ary as well and lead to problems that are not always
predictable (Brunee/Toope 1997). To avoid such a sit-
uation, as pointed out by Allan and Mallat (1995), it is
necessary to find a way to optimize water resources
for the welfare and security of maximum environmen-
tal, or natural, which would be capital for the entire
population relying on those resources now and in the
future. 

35.3.3 Balancing the Water Checkbook in the 
Middle East 

Reliable and sufficient fresh water resources are per-
haps the most critical aspect of the Middle East’s abil-
ity to support the human environment. The resource,
however, is limited in its naturally occurring quantity,
thereby placing natural controls on the carrying
capacity of the region given population and develop-
ment. The total impact on the natural resource can be
analyzed in terms of the equation Impact=Popula-
tion*Affluence* Technology (I=PAT).2 Thus, to pre-
dict the conditions which will define naturally occur-
ring water resources in the Middle East at any given
time one can aggregate population projections and
development indicators such as GDP/capita and tech-
nological and industrial advancement. 

There are two ways to consider the water needs of
the population relying on the transboundary re-
sources in question; one is to consider sustenance
level survival, which the World Health Organization
has determined as 20 to 50 liters per day per person
depending on climate and geography. Most indicators
assume, however, that Southern Lebanon, Syria, Jor-
dan, the Egyptian Sinai, Israel and the Palestinian Ter-
ritories can all expect population growth and eco-
nomic and technological developments in the coming
decades. Thus, the other predictor considers the high
standard of living desired for the region, a condition
which puts the need for water somewhere around
125 m3 per year per person (see chapter 1 by Shuval in
this book). Thus, to meet the basic needs of the cur-
rent population of about 14 million people, now, a

minimum of 280 million liters of water a day is re-
quired. At the point when regional population has in-
creased and the Middle East realizes its predicted eco-
nomic and technological development potential, it
will be more realistic to expect a need of
3,750,000,000 m3 of water per annum.3 Even if this
projection turns out to be an exaggeration, as esti-
mated by some in the region, the amount of water
needed to sustain a developed population of the cur-
rent size will overdraft the available natural resources
and cause a great deal of competitive pressure be-
tween and among consumers of water. This pressure
will only be increased as the water quality in the re-
gion continues to deteriorate and become more pol-
luted and saline. This not only makes the water re-
sources more expensive to consume, as salinity
requires desalination prior to most consumptive uses
and pollution requires treatment, but also decreases
the balance of reliable fresh water resources available
for some consumers. 

35.3.3.1 Water Balance of the Region

Though precise quantities of naturally occurring water
resources are difficult, if not impossible to quantify
over the long run, it is possible to make projections
based on averages. These averages provide a base-line
in the region for long-term planning which is intended
to guide regional water policy decisions. In Israel, the
generally accepted yearly available bank of renewable
water resources, or water that is expected to be re-
charged by rainfall rather than the total sum of quan-
tities existing at any given time in the state, can be
thought of in terms of its relationship to a ‘red line’.
In the public consciousness in Israel the ‘red line’ is
equivalent to the minimum level that the government,
in its management of the most highly visible public
water resource, can allow the Kinneret to drop. This
point, as set by government hydrological experts, is
supposed to assure the sustainability of water quality,
whether salinity or pollution. 

For the major sources of water, the quantity of re-
newable water resources can be seen in table 35.1. Wa-
ter security in Israel can thus be defined in terms of a
stable and reliable quality and quantity of naturally oc-
curring water resources that does not exceed the re-
newable quantity and quality of water. This security in-
cludes planning, over the long-term, for the demands
of each consuming sector the country is responsible

2 I=P*A*T was originally posited by Paul Ehrlich and has
been widely used as a method for assessing environ-
mental problems. Water in the Middle East is consid-
ered an environmental problem in this chapter.

3 This is based on population projections provided by
Arnon Soffer, Faculty of Geography, University of
Haifa. 
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for serving and considering the additional regional re-
sources affected by these water policy choices. In con-
trast, water insecurity in Israel can be defined in terms
of deficit consumption to serve the demands of con-
suming sectors. This type of sustainable use allows for
an increase in transboundary security because it con-
tributes to mutual understanding of the reliability of
shared water resources. Thus, planning for use of only
the amount of naturally occurring water as available
that is replenishable is an advantageous policy for Is-
rael to adopt. 

Israel’s internal planning and policy process however
is only as important as its actual implementation of
that policy and at this point does not give an accurate
accounting of the condition of regional water. When
water availability is considered in terms of groundwa-
ter withdrawal and pollution loads, Israel has the
highest level of pollution in its available fresh water in
the region and is among the highest consumers of
groundwater, but ranks only fifth in terms of water
availability per capita as measured by the average sur-
face runoff and groundwater infiltration created by
rainfall. Jordan, to whom Israel supplies a quantity of
about 50 mcm of water from the Kinneret each year,
faces a similar problem with water resource sustaina-
bility, as do the Palestinians.

35.3.3.2 Water Balance as Affected by Israel

Water management, whether domestic or transbound-
ary, that is aimed at reducing the issues involved with
unsustainable water consumption and natural re-
source quality issues can be approached from two an-
gles; the first is to increase the supply and second is
to reduce the demand. On the supply side, Israel has
plans to construct large-scale desalination plants on
the Mediterranean Coast and to purchase fresh water
from Turkey. In addition, as pointed out by Yoav
Kislev (2001), the country 

has imported virtual water for a number of years in the
form of grains and other foods. By recent estimates, 55
per cent of the water used in households and industry is
returned as sewage. Eighty per cent of the sewage is
now collected and treated. Reclaimed water adds 30 per
cent to fresh water used in agriculture. This ratio is
expected to increase both as the allocation of potable
water to farm use is decreased and as sewage collection
and diversion of recycled water to agriculture intensify
(Kislev 2001:). 

Israel’s water resources must be allocated among
domestic, agricultural, industrial, transboundary and
environmental consumers. Israel’s policy considers
demand management of each of these sectors under a
national water policy planning and implementation
process and to avoid balancing the water deficit. To
date this planning process leaves each sector with var-
ying, and sometimes unpredictable amounts and/or
quality of water allocated each year (table 35.2).

In 2002 the demand side of the water equation began
to shift (Water Commissioner 2002). For the first
time a national move to reduce consumption was con-
sidered when Israel had accumulated a deficit of 2 bil-
lion m3, at the rate of approximately 85 mcm per year,
of naturally occurring water resources. Remarkable
was a shift from agricultural allocation priorities to
domestic and industrial (Water Commissioner
2002a). In 2001 a document outlined water allocation
based on consumption and quality of water as it ex-
isted in 2001 with projections to 2010. Amazingly, this
projection took into account water consumption by

Table 35.1: The Long-term Potential of Renewable Water.

Resource Replenishable Quantities 
(MCM/year)

The Coastal Aquifer 320

The Mountain Aquifer 370

Lake Kinneret 700

Additional Regional 
Resources

410

Total Average 1,800

Table 35.2: Water Allocation by Sector. Source: This was
compiled by the author after looking at the
entire set of research, including a series of
qualitative interviews, on Israeli water policy.
This is a constructed summary of description
of water types. 

Sector Percent of Total 
Allocation

Description

transboundary 2.3 fluctuates based on 
peace negotiations

domestic 34.9 fixed pp in price, 
quantity and quality

industry 11.7 fixed price, and small 
% quantity, quality 
fluctuates

agriculture 54.1 fluctuates in price, 
quantity, and quality

nature unknown fluctuates in price, 
quantity, and quality
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nature and landscaping, though The Water Law was
not yet amended to consider nature as a consumer.
These documents acknowledge an increasing need for
water resources in Israel and take into account long-
term planning for the manufacture of water through
desalination. The Water Commissioner’s hope is to
move from deficit to water surplus, despite the projec-
tion of a 18 per cent population growth in the country
and the commitment of water for nature. 

The projected water supply was determined
through Israel’s internal planning processes, which is
notable because the resource to population growth
projection does not take into account regional
growth. This may limit the reliability of the model
somewhat, given Israel’s hydro-geological and geopo-
litical ties to the populations immediately surrounding
it. Without looking at regional population and devel-
opment, it becomes difficult to be certain about the
reliability of available naturally occurring water. This
is true both for the resource needs of Israel and those
of the rest of region. It is questionable whether Israel
fully takes account of regional demographic and hy-
dro-geologic realities in its supply and demand projec-
tions, but the country reflects at the planning level the
principles of sustainability. 

35.4 Conclusions

Water conservation includes both careful and sustain-
able resource use and environmental awareness. In Is-
rael there is a strong water conservation ethic in the
publications of the Water Commissioner which con-
tain Israel’s long-term water planning. This consists of
at least three conservation philosophies. The first is to
save water to avoid a crisis, the second centers around
intergenerational equity and the third is to protect na-
ture because it has a right to exist. While these ideas
are not necessarily mutually exclusive, they are not
equally shared by the Israeli population and they do
not necessarily form the basis for a comprehensive
water conservation policy that is actually imple-
mented. As an official in the Water Commissioner’s
office described the publications, as “plans, not poli-
cies.” To determine what Israel is actually doing to in-
stitute a water conservation policy, each sector must
be evaluated individually. Water policy in Israel is fo-
cused on domestic and industrial sectors, while agri-
culture and nature are seen as more flexible in alloca-
tion.

With regard to nature. The Water Law, with its
mandate for sustainability, has not yet begun to be im-

plemented; however, if implemented in a thoughtful
way this amendment could perfectly represent all
three conservation philosophies, thus representing
the interests of its population. In addition, the more
water that is allowed to flow through its natural water
course, thereby being allocated to nature, the health-
ier the aquatic systems will be which contributes to
the perpetuation of these natural systems. It is antici-
pated that nature will be treated like any other cus-
tomer and will see a yearly fluctuation in price, quality
and quantity of water based on the hydrological con-
ditions at the time. Domestic per capita water con-
sumption has been rising in Israel as the population
grows 

Israel has taken some significant steps toward wa-
ter conservation and decrease in consumption, espe-
cially in dealing with agriculture, which is meant to
lead toward a balance between water availability and
water allocation. This is important because a reduc-
tion in Israel’s water deficit increases the amount
available to other uses which could include trans-
boundary uses, thereby increasing the water-based se-
curity of the region. 
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Abstract

The availability of adequate freshwater of appropriate quality has become a limiting factor
for development, worldwide. The water requirement of all users can be satisfied by proper
technical means such as water imports or relocations, desalinization as well as proper pre-
vention of pollution, remediation, clean-up and recycling; however, such measures if
applied locally on an ad-hoc basis as an emergency procedure may impose an unbearable
and unjust economic burden on some of the stakeholders and not necessarily those
responsible for the problem. Such a situation is in all cases a pretext for discord and assign-
ment of blame on those supposedly responsible for the deterioration of the water quality.
The potential for friction is especially high under a trans-border situation. It is now
recognized that the rational, equitable and economically advantageous utilization of water
resources must encompass the total watershed if not the whole regional water cycle. Since
all stakeholders have a common dependence on the same water resources, water manage-
ment can then become an inducement for regional co-operation. 

Keywords: Groundwater; surface water; trans-border resources; water quality. 

36.1 Introduction

The availability of adequate freshwater has become a
limiting factor of the quality of life, worldwide. More
than the water availability per-se, the issue is often the
quality of the water resources for the supply of pota-
ble water. 

In semi-arid and arid regions water scarcity has al-
ways been a dominant problem and thus a cause for
rivalry. Moreover, the interference with the natural hy-
drologic cycle as a result of over-exploitation of both
surface and ground waters and of changes in land us-
age resulted not only in the reduction of the available
water amounts but also in the deterioration of the wa-
ter quality due to pollution from urban, industrial and
agricultural practices and salinity build-up in soil and
water. One is concerned with the salinity buildup in
the aquifers in general, as the chemical composition
of this salinity limits the utilization of the water. More-
over the presence of anthropogenic pollutants intro-

duced by activities near the replenishment sites of the
aquifers are another concern. Such a situation is in all
cases a pretext for discord and assignment of blame
on those supposedly responsible for the deterioration
of the water quality, especially in view of the possible
high cost and technical complexity of the measures
that need to be taken for remedying and alleviating
the situation. Under a trans-boundary situation the
potential for friction is especially high when one party
controls the upstream recharge areas and the other
the downstream discharge sites. 

The optimal and sustainable exploitation of the
natural water resource and the preservation of its
quality under a regime of development, possibly also
its amelioration by preventive measures and clean-up
operations, all require the joint planning, manage-
ment and operation of the water resource by all stake-
holders in the upstream recharge areas, the down-
stream discharge sites and by the population which
utilizes the water (Haddad/Feitelson/Arlosoroff 2000).
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Obviously, the prerequisite for rational action, free
of discord, is a scientifically sound analysis of the geo-
hydrological and bio-geochemical structure of the wa-
ter sources. This should be based on a detailed moni-
toring network and an accepted hydrological model
that should also account for the pathways of the
chemical components and possible pollutants in the
system. Further, the options for remediation of the
system and their economic evaluation need to be rec-
ognized. This will permit to launch the required pre-
ventive measures and the cleanup operations for the
continued sustainable operation of the water re-
sources with an objective and clear understanding of
the responsibilities and requirements of all partners
on the water resource and the economic burden im-
posed by the alternative management options.

36.2 Water Resources of the Region 
and their Consumers 

In the Middle East the climate ranges from semi-arid
to arid, the latter extending over the southern (desert)
regions and in the inland valleys, notably the southern
Jordan valley. The region is characterized by large geo-
graphic and temporal disparities of the precipitation
distribution, with relatively large annual amounts of
precipitation in the higher mountain regions of the
Galilee, Lebanon and Mt. Hermon and the longitudi-
nal mountain chains of Samaria, Judea and (trans-)
Jordan and much smaller amounts in the lowlands,
rapidly decreesing towards the south. The Mediterra-
nean climate further imposes a sharp seasonality in
rainfall with a long rainless summer period devoid of
any water inputs into the hydrologic systems, only
slightly shortened by snowmelt waters in the north-
ernmost part of the area. A relatively variable regime,
with alternating drought and excessive rain periods
further acerbates the situation. 

The precipitation regime, coupled with the mor-
phological structure of the area which is dominated
by the feature of the Syrian – East Africa Rift, results
in aquifers recharged predominantly at more elevated
outcrops and draining to the west or east, discharging
as small springs or subsurface outflow. The only ma-
jor surface water system is presented by the Jordan
River that channels the water excesses of the north
southwards into the Rift Valley, finally to waste away
in the Dead Sea under the beating sun in the arid
desert.

From the dawn of history the pattern of human
settlements was influenced by the availability of drink-

ing water, with the location of preferred sites near the
emergence of springs, along the course of a river or
wherever shallow dug-wells encountered fresh under-
ground water. As a rule, this dictated rather low-lying
locations far away from the headwaters of the hydro-
logical systems concerned, including places to which
water could be conveyed by gravitational flow in aque-
ducts. The early settlements at higher elevations,
which were preferred because of their security, milder
climate and freedom from insect-borne diseases, had
to rely on collected rainwater stored in cisterns or on
small local springs. Such settlements were necessarily
of limited size and extremely vulnerable in periods of
drought. 

The advent of mechanized pumping and deep
drilling techniques made possible the increase and
spread of anthropogenic activities further away from
the visible sources of water. This enabled, on the one
hand, the increase of the population in the mountain-
ous areas, resulting in changes in land use and urban-
ization on or near the headwater of rivers and the
sites of groundwater recharge thus causing interfer-
ence with the natural replenishment regime and the
introduction of pollutants. On the other hand, it en-
couraged the large-scale cultivation of the arable lands
in the coastal plain and the inland valleys and of the
more arid lands in the south. Since all of these are
based on irrigated agriculture they required the sup-
ply of huge amounts of water; this then resulted in an
increasing over-exploitation of the groundwater
sources and the transport of water from the sources
in the north, culminating in the National Water Car-
rier which transports water from the Sea of Galilee to
the coastal plain and the northern Negev. These de-
velopments, often performed with best intentions but
in violation of proper eco-hydrologic guidelines, re-
sulted in widespread negative environmental impacts
(table 36.1). 

36.2.1 Surface Runoff Systems

The Jordan River System which includes the only
fresh inland lakes, namely Lakes Kinneret and Hula
(also known as Lake Tiberias or Sea of Galilee and
Waters of Meron, respectively) is of an endorheic na-
ture. Along the coast, rather short perennial rivers are
fed primarily by springs draining the mountain aqui-
fers and finally discharge into the Mediterranean Sea.
In the arid regions of the inland valleys and the Ne-
gev, ephemeral flood-flows in dry-river beds (wadis)
are the major surface water features; these play a cru-
cial role in desert hydrology. 
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Apparently plentiful and immediately accessible,
the perennial rivers are being exploited excessively for
activities along the banks of the rivers and lakes. They
are also diverted to regions outside the natural bor-
ders of their respective watersheds. When river sys-
tems have widely fluctuating discharge, they become a
common concern for water managers. This results in
regulatory control measures, which in turn may affect
the natural attenuation capacity of the overflow bank
areas and the construction of storage facilities. Of
special concern is the extreme vulnerability of the riv-
er systems to the flowing of surface contamination
into the river following strong rain events, acerbated
by the release of sewage or irrigation return flow fol-
lowing utilization in domestic, industrial or agricultur-
al activities, an effect seen even under humid condi-
tions (e.g. Martinelli/Gat/De Camargo/Lara/Ometto
2004). The apparent excess of the running water
feeds the illusion of quasi-infinite flushing capacity
and encourages the lack of concern with adequate
pollution control.

In the Jordan River Basin a few additional factors
are detrimental: 

• the drainage of the Hula wetlands which results in
the release of excess nutrients (especially of
nitrates) and probably also further accentuates the
seasonal fluctuations of the flow;

• the location in a deep Rift Valley with abundant
remnant salinity, which results in increasing salini-
zation of the waters along the river course;

• the damming of Lake Kinneret and curtailment of
flow into the lower Jordan, especially during
drought periods. 

In the arid drylands the ephemeral flows are an inte-
gral link in the chain of formation of the local ground-

water, as discussed below. Any interference with these
flows thus affects not only the downstream users of
the surface water but also the groundwater resources.
Due to the episodic and intermittent nature of the
phenomenon it serves to flush all surface accumulated
materials, including saline residues of evaporation
ponds, and thus these flows have a high pollution po-
tential (Gat 1980).

36.2.2 Groundwater Systems

Groundwater is the major resource of fresh water in
the region, serving the double function of water con-
duit and storage reservoir, compensating for the sea-
sonality of the precipitation input. Groundwater was
once thought to be relatively immune to the deterio-
ration by anthropogenic activities when compared to
surface waters, based on its natural remediation capa-
city, thus constituting a safe reserve for freshwater
supply. One is learning, however, that it takes just a lit-
tle longer before the full impact of the deterioration
of the overtaxed aquifers becomes apparent. Four dif-
ferent aquifer types are discussed: 

• the mountain aquifers, recharged at the higher
elevations of the mountainous backbone in Judea,
Samaria, the Galilee and the Carmel Ridge and
then draining in a confined manner through lime-
stone layers to the lower elevations in the east,
south or west (see for example Harpaz/Haddad/
Arlosoroff 2000);

• the phreatic coastal aquifer, that underlies the
coastal plain extending from Lebanon to the Sinai
coast. This aquifer drains naturally underground
into the Mediterranean Sea;

• the deep Nubian sandstone aquifers of the Negev
and Sinai, filled with palaeo-water.

• aquifers recharged along the river beds, especially
by the flashfloods in the arid zone.

36.2.3 Mountain Aquifers

The following human interference with the mountain
aquifers exist, 

• an over-exploitation resulting in salinization by
enabling encroachment of adjacent saline water
bodies and in the curtailment of spring discharges
which affect the flow in the rivers, especially their
supposedly-stable base-flow component;

• widespread contamination of the headwaters of
the aquifers as a result of the appreciable urban
development on the mountainous recharge areas

Table 36.1: Anthropogenic Effects on Aquifer Quality

1. Land use changes that affect the natural water bal-
ance and the rate and location of the groundwater
recharge flux;

2. Introduction of chemical and other noxious materials
on the surface or into the subsurface, in the pathway
of the recharge waters;

3. Water extraction that affects the pressure distribu-
tion, flow rates and pathways in the aquifer; 

4. The application of water inputs additional to the pre-
cipitation, such as irrigation water, sewage effluents
or water imports, especially during the dry season; 

5. Changes in the microclimate, affecting the water bal-
ance and/or the precipitation regime.

6. Effects on the self-cleaning capability of the system by
microbial or chemical remediation processes.
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of the main groundwater aquifers of Judea and
Samaria, mostly without an adequate infrastruc-
ture for effluent treatment. 

The interference occurred both in the headwater re-
gion of the aquifer in the mountains through hin-
drance of the natural recharge pathways and the ex-
ploitation of the water table region, as well as
excessive pumping from deep wells in the down-
stream locations. Attempts to make up for the in-
curred water deficit by recharge of intercepted surface
water during the rainy season improved the water bal-
ance to some extent, but resulted at times in water
quality problems. Artificial recharge of imported wa-
ters from the National Water Carrier as a means to
utilize the aquifer as a seasonal storage reservoir also
affected the water quality of the aquifers due to the
higher salinity of the extraneous water.

36.2.4 Coastal Aquifer

Situated beneath the most populated and intensively
cultivated portion of the region and being of a
phreatic nature, it is not surprising that the coastal aq-
uifer shows the most severe environmental impacts.
First there is widespread salinization due to water ex-
traction by pumping in excess of the natural recharge
resulting in the lowering of the water table, thus ena-
bling encroachment of either seawater from the west
or of saline groundwater from the east. Next is the
contamination of the recharge flux by industrial, do-
mestic and agricultural practices. Further, the block-
ing of much of the surface for infiltration by urbaniza-
tion adds to the negative water balance. 

The steps taken for making up for the water defi-
ciency and for correcting this situation over the years
consisted at first in channeling excess water into the
region and recycling of treated urban effluents, mainly
for irrigation purposes and only secondarily as a re-
charge flux to the over-exploited system. An ambitious
recharge scheme of creating an artificial water mound
along the coast in order to prevent the seawater incur-
sions necessarily resulted in stopping the natural un-
derground discharge of the aquifer into the sea and
thus created in practice a semi-closed hydrologic sys-
tem without outflow in which the salinity accumulates
in the soil zone under the irrigated fields from year to
year, to be flushed into the aquifer during the occa-
sional wet rain-year. The saving grace of the coastal
aquifer is that water flow in it proceeds along rela-
tively short parallel paths, more or less perpendicular
to the shoreline, so that there is little interference and
cross-contamination in the north-to-south direction.

This results in a situation in which parts of the aquifer
have been preserved in a reasonably pristine state.

36.2.5 Arid Zone Aquifers

The hydrology of arid areas (drylands) differs consid-
erably from that of more humid environments (CWST
2000). Due to a negative water balance the precipita-
tion amount is usually not sufficient to overcome the
water deficit in the surface that results from evapora-
tion during the dry periods. As a result, direct infiltra-
tion and local groundwater recharge is rare. Any sub-
stantial groundwater recharge can materialize only
following the accumulation of an appreciable water
depth from surface runoff at a potential infiltration
site (Schoeller 1959) and by bank infiltration from riv-
ers originating outside the arid region. The most im-
portant aquifer systems in the Negev and Sinai Desert
were recharged in the past during wetter periods
(paleo-waters) and their utilization constitutes a ‘min-
ing’ operation since replenishment by recent recharge
is minimal.

36.3 Considerations for a Sustainable 
Water Supply 

Due to the long period of uncontrolled operation and
development, the occurrence of accidental spills as
well as natural calamities such as a period of drought
years, many of the water resources have deteriorated
to an extent that their utilization is curtailed as a
source of potable water or for indiscriminate use for
irrigating sensitive crops. In dealing with the situation
for optimal benefits of all, one must distinguish be-
tween:

1. the present state of the aquifers and the measures
to be taken for their remediation;

2. the operational changes to be introduced into the
present system in order to prevent further harmful
effects; 

3. the planning of future developments in a sustaina-
ble manner.  

All of these require a detailed monitoring of the
‘health’ of the aquifers (a baseline study) in order to
identify the problem sites. Further, as complete as
possible a hydrologic model of the aquifers has to be
provided that spells out the transit times, mixing and
flow patterns, in order to be able to predict the future
dissemination of the salinity or pollutants under dif-
ferent operational scenarios.
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Possible strategies for dealing with the deteriora-
tion of the water quality and the continuing supply of
fresh water can then be considered. These are

• Prevention of release of contaminated water to the
environment;

• Clean-up of effluents before discharge;
• Separation of ‘clean’ and ‘dirty pathways of

recharge (distinguish between protected and sacri-
ficial systems;

• In-situ natural or enforced remediation (e.g. by
reactive barriers);

• Pump, treat and recharge of treated water;
• Treatment and clean-up at pump head prior to dis-

tribution to consumers;
• Replacement, dilution or flushing by imported

water.

The choice of the options adopted is dictated by the
nature of the pollutant, its dissemination or containa-
bility, economic consideration as well as societal and
ethical concerns. As an example of the latter, the
choice of sacrificial aquifers (which is often the cheap-

est and easiest one to take) is unacceptable when both
possible impacts on natural systems and the interest
of future generations are taken into account.

The management options in each of the stages of
development and planning are summarized in table
36.2. The water requirement of all users can obviously
be satisfied by proper technical means such as water
imports or relocations, desalinization, as well as
proper prevention of pollution, remediation, clean-up
and recycling. However these measures, if applied lo-
cally on an ad-hoc basis as an emergency procedure,
may impose an unbearable and unjust economic bur-
den on some of the stakeholders (not necessarily
those responsible for the problem), one which could
be reduced by the equitable planning and sharing of
the local and regional water resources, based on an
optimal hydro-economic scenario.

In order to do this properly, a clear definition of
the water requirements must be first established, fol-
lowed by the recognition that the basic ‘water right’
entitles everybody to an adequate supply of clean
water for legitimate uses, rather than the conventional

Table 36.2: Actions to Guarantee a Sustainable Supply of Clean Water 

Action Evaluation of 
existing situation

Actions to be 
undertaken for 
immediate 
amelioration

Improvement in the 
water supply system 
for sustainability 
under a regime of 
growth and expan-
sion [moderate 
expense]

Planning of new 
developments

Management strate-
gies for continued 
safe operation un-
der both routine 
and unexpected 
climate scenarios:

Measures • Survey of existing 
supply, require-
ments and efflu-
ents (quantity/
quality);

• Estimating the 
‘safe yield, (quan-
tity/quality)’ of the 
water sources; 

• Monitoring the 
‘health’ of availa-
ble aquifers and 
future projection 
based on hydro-
logical models;

• Consideration of 
potential alterna-
tive water 
resources, 

• Clean-up or desal-
ination prior to 
distribution to 
supply system;

• Education for 
improved ‘water 
culture’;

• Prevention of 
effluent release or 
clean-up prior to 
recharge;

• Local ‘pump and 
treat’

• Separation of 
‘clean’ and ‘dirty’ 
recharge pathways 
(protected and 
sacrificial 
aquifers);

• Establishment of 
sewage treatment 
plants and recy-
cling of water for 
operations requir-
ing marginal water 
quality;

• Increased exploita-
tion of local water 
resources (flood 
interception, deep-
ening of drillings, 
dew and fog har-
vesting, brakkish 
water sanitation 

• Provide detailed 
hydro-geologic 
model and its 
eco-hydrologic 
links;

• Establishment of 
‘clean water pro-
tection zones’ 
and natural refu-
gios;

• Educated siting 
of development 
projects in rela-
tion to recharge 
pathways;

• Regionally 
optimized water 
supply and dis-
charge scheme. 

• Provide reserve 
supply and dis-
charge options 
and storage 
capacity;

• Flexibility in infra-
structure with 
inbuilt controllable 
redundancy;

• Preference of 
regionally in-
tegrated varied 
local schemes to 
grandiose 
projects, which are 
less adaptable to 
changes in climate 
and technological 
advances;

• Operate detailed 
monitoring regime 
for ‘advance 
warning’.
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approach based on historic rights or location within
the watershed (upstream vs. downstream location). 

Obviously, the effort and cost of supplying the wa-
ter will differ for various segments of the population
depending on their location relative to the sources of
supply, and the nature of their requirement (in terms
of quantity and quality of the water). Further, the ‘nui-
sance value’ as far as the nature of the effluents pro-
duced and their effect on the natural water cycle must
be taken into account. Depending on the degree of
‘legitimacy’ of the water use, a pricing index (or pen-
alty) may be imposed The decision on the legitimacy
of the water use is usually the most difficult one to
take as it is not subject to objective criteria but in-
volves value judgments, cultural and historical consid-
erations as well as social concerns (Dooge 2000).

These are the types of discussions relative to the
distributions and pricing of the commodity that apply
in any dispute between the stakeholders. If one
accepts such an approach also in the case of a trans-
boundary situation, the political discussion is reduced
to one relating to the onus of payment for the com-
modity. The parties must decide whether it should be
based on the equal sharing of costs or a penalty to
polluter (‘polluter pays’ policy), a discrimination
between existing and new activities, etc. Prudence
would then dictate that following the screening of all
available options the economically most conservative
scenario of water supply be adopted, certainly on the
scale of the watershed and possibly within the whole
regional context, where those who benefit from this
scenario are expected to share in the cost of supplying
water to more unfavorably located consumers. The
full cooperation of all stakeholders in the adoption of
the development plans is obviously mandatory. 
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Abstract

The chapter argues that the conceptual ideas of David Mitrany, George Marshall, Jean
Monnet, as well as of Mikhail Gorbachev were instrumental for 60 years of peace and
security in Europe, for integration, overcoming the Cold War and contributing to the
reunification of the continent. The chapter contrasts different security perceptions of nar-
row national security threats with a widened security concept that includes economic,
societal and environmental dimensions and other levels of analysis and referents, with a
special focus on human security. However, given the primary concern with the dangers
confronting their ‘national security’, in the countries of the ‘narrow’ Middle East (Israel,
Palestine, Jordan, Egypt, Lebanon and Syria), the emerging new common threats, chal-
lenges, vulnerabilities and risks for the environment and the people in these countries are
not yet being widely perceived.

In the second part, the regional impact of global environmental change is projected until
2100 and potential extreme outcomes are discussed for the narrow Middle East. These
environmental challenges are not yet perceived as common threats. A special focus is on
water demand due to population growth, urbanization and food needs, and on the chang-
ing supply due to the impact of climate change on precipitation, soil erosion, drought and
desertification in the region. The chapter suggests that these common challenges to
human security should become an object of functional cooperation within the region, and
that these efforts may contribute to long-term environmental conflict avoidance.

Keywords: global environmental change, climate change, conflict avoidance, functional
cooperation, Israel, Jordan, Middle East, Palestine, security concepts, water resources. 
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solely the conceptual views and personal assessment of the author. This chapter develops ideas and concepts further
that were presented in October 2004 at the Antalya conference (Brauch 2004a, 2004b), and that have been published
in two parts (Brauch 2006, 2006a). The PEISOR model is discussed in Brauch (2007a), and the relevance of soft security
concepts for the Middle East in Brauch (2007). The author is grateful to Toby Brooks (Ottawa, Canada) for her careful
language editing and proof reading of this chapter.
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37.1 Introduction: Research Questions 
and Hypotheses

After centuries of conflicts, two world wars and the
holocaust, since 1945 Europe has experienced 60
years of peace among EU members. The chapter ad-
dresses these questions:

1. Which roles did the common military threat, func-
tional cooperation, conditionalized aid, the com-
munity process and the Gorbachev's ‘new think-
ing’ play? What have been major conceptual ideas,
and the political circumstances that made a major
change in Europe possible?

2. Can we draw conceptual lessons from this experi-
ence of fundamental change in state and human
behavior that may be relevant for the conflict in
the Middle East?

3. What role can functional water cooperation play
in addressing the impacts of global environmental
change in the Middle East in the 21st century in
avoiding violent conflicts over water and contrib-
uting to a spill-over for cooperation among con-
flict parties?

The article is based on the following three basic
assumptions: 

1. If reality and our knowledge of reality are socially
constructed then our perceptions and the factors
that determine or influence perception matter:
our intellectual traditions, worldviews, mindsets,
cultural heritage, national and individual traumas
and experiences.

2. Security concepts and especially subjective security
threats, challenges, vulnerabilities and risks are
influenced by those factors that contribute to the
perceived social reality.

3. Philosophical, religious, political and conceptual
ideas matter and they have been instrumental
throughout human history in initiating major
changes in science, society, politics and in the rela-
tions among states. Ideas often inspired action
both for the better or worse.

37.2 Conceptual Pillars of Sixty Years 
of Peace in Europe

After centuries of wars in Europe four key ideas have
contributed to a basic change that has resulted in
nearly 60 years of peace in Europe and to a reunifica-
tion of the continent.

Pillar 1: David Mitrany’s Functionalist Concept of a
Working Peace System

In the words of David Mitrany (1943), functionalism is
concerned “with the ways of creating … a working
peace system. It involves a diagnosis of the problems
of disorder in international society and a prescription
for ways of shaping a better world” (Taylor/Groom
1975: 1). Functionally oriented transboundary cooper-
ation in international organizations and the non-poli-
tical problem solution by experts has survived crises
and has often contributed to confidence building
processes. “Functionalists argue that there is no need
for a fixed constitution written in advance because the
framework is developed and (ideally) modified as the
function being fulfilled changes” (Groom 1975: 94).
Functionalists in the tradition of Mitrany argue “that
a ‘working peace system’ will evolve that will tend to
diminish conflict by allowing cross-cutting loyalties, by
developing superordinate goals, by removing barriers
to intercourse and by creating a sense of security
through fulfilling a necessary function rather than
through a threat system. … Functionalist organization
should start from those spheres in which welfare is
maximized through transnational cooperation so that
the domain of legitimized politics gradually expands
while that of power politics gradually contracts”
(Groom 1975: 94–95).2

Pillar 2: George Marshall’s Concept of Conditional-
ized Aid

The idea of the Marshall Plan was developed in 1944
in a report of the Committee of Economic Develop-
ment (CED) in New York. The idea was not to punish
the aggressor but to use conditionalized economic aid
as a tool to open markets, to foster cooperation
among those who won and lost World War II, and to
build a common institution, the Organization for
European Economic Cooperation (OEEC) that in

2 See for more details on the debate on Mitrany’s func-
tionalist approach in political science: Mitrany (1943,
1944, 1965, 1975, 1975a, 1975b); Groom/Taylor (1975);
Navrani (1995); Rosamund (2000); an extensive anno-
tated bibliography on Mitrany’s work and on political
impact was compiled by: Gerhard Michael Ambrosi and
can be found at: <http://www.uni-trier.de/ambrosi/
files/publik/ambrosi/mitrany.html> and Long/Ashworth
1998; on the neofunctionalist approach to integration:
Haas (1958, 1964, 1968, 1970); Lindberg, (1963), Lind-
berg/Scheingold (1970, 1971) and on the critique of
both functionalist and neofunctionalist concepts: Hoff-
mann (1966), and on more recent reviews see Wolf
(1999).
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1960 became the Organization for Economic Cooper-
ation and Development (OECD). The Cold War
offered the legitimacy for its approval in the U.S. Con-
gress. The Soviet threat and U.S. terms for coopera-
tion resulted in an integration of the western part of
Germany into the West and created favorable precon-
ditions for European cooperation and integration.3

Pillar 3: Jean Monnet’s concept of functional institu-
tion-building 

Jean Monnet was the most successful political vision-
ary in the 20th century whose ideas fundamentally
changed French-German relations after World War II.
Monnet became the intellectual founding father of
the European Union.4 In 1950, Monnet developed the
Schuman Plan for a European Coal and Steel Commu-
nity. He was convinced “that by altering the condi-
tions under which people lived they would necessarily
adapt to the new reality.” He believed that new ideas
“should be advanced at moments when the contradic-
tions of the status quo forced political leaders to
question their own assumptions” (Ball 1994: 13). Mon-
net had the political instinct to fundamentally trans-
form the political thinking in France and Germany.
His ideas became instrumental for the building of last-
ing structures of supranational cooperation (Duchêne
1994).5

Pillar 4: Mikhail Gorbachev’s ‘new thinking’ to
break out of the deterrence syndrome

The perception of the end of the Cold War differ ac-
cording to the worldview of the analyst. For realists

U.S. military superiority provoked the implosion of
the USSR, for liberals détente contributed to accom-
modation, and for cognitive psychologists coopera-
tion facilitated a change in perceptions of a new gen-
eration of Soviet leaders.6 For Garthoff (1994: 756,
773) “the decisive factor in the end of the Cold War
was a change in beliefs”, where “Soviet leaders could
discard a long-encrusted and familiar ideology only
because of a powerful transformation in the way Gor-
bachev and some colleagues perceived reality, and be-
cause they were ready to adapt domestic and foreign
policies to the new perception. ... The ‘new thinking’
… facilitated a learning process, as past failures
prompted rethinking and new approaches.”7

These four ideas of Mitrany (UK), Marshall (USA),
Monnet (France) developed during World War II, in
the early Cold War, and during the Korean War, as
well as of Gorbachev (Soviet Union) that emerged
during a period of stagnation in the Soviet Union,
changed the perception of reality and thus enabled
fundamental changes of the political context. The po-
litical ideas and concepts behind the Marshal Plan by
the liberal U.S. business community were to create an
open international market but also to overcome pro-
posals to punish and humiliate Germany thus trying
to avoid a repetition of Versailles and enabled a trans-
formation of a former enemy into a close partner.
The conceptual ideas of Mitrany and Monnet out-
lined the functionalist cooperation (form follows
function) and the federalist concepts (function fol-
lows form) that both contributed to the emergence of
the European Union. Gorbachev and his advisers
tried to overcome the logic of the ‘Hobbesian fear’
behind the thinking on deterrence.

In the Middle East modern notions of the abso-
lute pre-eminence of ‘national sovereignty’, and of the
Hobbesian and power-based logic of ‘national secu-

3 There is an extensive literature on the evolution and
implementation of the Marshal Plan and on its impact
on Europe after World War II: Gimbel (1976), Mee
(1984), Pisani (1991); for a brief bibliography on the
Marshall Plan see at: <http://www.marshallfoundation.
org/marshall_plan_bibliography.html>. 

4 Jean Monnet was the deputy secretary general of the
League of Nations (1919– 23), in 1940 he headed the
French-British coordination committee, from 1940– 1943
he was in the U.S. contributing to the U.S. post-war con-
version plan (Victory Programme), from 1943– 44 he
was a member of the French Resistance and from 1946–
50 head of the Planning Office in Paris, from 1952– 1955
he was president of the Coal and Steel Union and in
1955 he founded the Action Committee for the United
States of Europe; for a brief biography see at: < http://
www.historiasiglo20.org/europe/monnet.htm>; Brinkley/
Hackett (1991).

5 See for more details at: Bromberger (1969); Donovan
(1987); Duchêne (1994); Esposito (1994); Hogan (1987);
Lipgens (1977); Meier (1991), Price (1955).

6 For cognitive psychologists cooperation “created favour-
able conditions for ideas to emerge which offered a way
out of this predicament by fundamentally influencing
the values, goals, and perceptions of a new class of So-
viet leaders” and “values, norms, and ideas matter in in-
ternational relations, that they have tremendous
potential for bringing about fundamental change in
world politics” (Grunberg/Risse-Kappen 1992: 144– 45).

7 Research on the end of the East-West conflict con-
cluded that a set of old mind-sets prevented many deci-
sion makers in the West from recognizing the
fundamental changes initiated by Gorbachev's ‘new
thinking’ (Checkel 1997). See for recent interpretations
of the end of the Cold War: Herrmann/Ned Lebow
(2004).
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rity’ have determined the policy-making among the
conflict parties. The ‘Hobbesian fear’ of the other has
contributed to distrust that has been a basic driver of
the regional ‘security dilemma’ based on the use of
‘military’ or ‘asymmetric’ power in the name of ‘na-
tional’ security.8 So far the functional cooperation
among experts, in the case of this book of water ex-
perts, has been limited and there has – so far – been
no ‘spill-over’ from the functional expert to the polit-
ical level, rather a ‘spill-back’ from the political level
that has affected also the cooperation in the Joint Wa-
ter Committee between Israeli and Palestinian partici-
pants that has not met since the election of Hamas in
January 2006. As of October 2006, they have not met.

As has been argued elsewhere (Brauch 2007a) the
debate on soft security concepts (of environmental,
societal, human, water, food, health and gender secu-
rity) has been largely ignored by the political elites in
all countries in the narrow Middle East – with the pos-
sible exception of Jordan. Within the Arab world Jor-
dan is the only member in the region in the Human
Security Network (HSN) and a sole promoter of hu-
man security within the Arab League.

For the Middle East new conceptual ideas are
needed to break out of the cycle of violence. This im-
plies, without giving up the legitimate concerns for
the security and survival of the nation and the state,
gradually broadening the scope of the security dis-
course in the region and the perception of the mani-
fold new soft security threats, challenges, vulnerabili-
ties and risks that will directly affect the ‘security and
survival’ of human beings. Some of these people have
already been confronted with a ‘survival dilemma’
(Brauch 2004) and forced to move from rural to ur-
ban neighborhoods or abroad, giving up their tradi-
tional livelihood for the hope of a better future else-
where. 

Thus, a key thesis of this chapter is that global en-
vironmental change (GEC) may pose such new
threats that will directly affect the three elements: soil
(erosion, desertification), water (drought and flash
floods) and air (climate change). National climatic

variation and anthropogenic climate change has af-
fected hydrological processes in the Middle East (Is-
sar/Zohar 2004, 2007) in the past (see chapters by Is-
sar and by Al-Saad/Lucke/Schmidt/Bäumler in this
volume) and may further reduce the level of precipita-
tion and increase evapotranspiration due to projected
temperature increases thus severely reducing water
supply. 

The projected population growth until 2020, 2050
(UN 2003, 2005), 2100 and even up to 2300 (UN
2003a) will increase the demand for ‘blue’ drinking
water, it will further reduce the available amount of
‘green’ water and raise the need for ‘virtual water’ as
has been projected by FAO (2000; Bruinsma 2003).
While these challenges have been addressed by many
experts in the region, a wider security discourse that
addresses these new and interrelated regional chal-
lenges posed by GEC has been lacking within policy-
making circles, the media and the attentive public in
the region.

Reviewing the impact of new ideas in Europe may
contribute to a reassessment of the mind-sets, politi-
cal strategies and tactics that have led to the deadlock
that ´has postponed taking joint decisions now to
cope with the projected regional impacts of global en-
vironmental change in this century.

37.3 Security Perceptions Matter 

According to Arnold Wolfers (1962): “Security, in an
objective sense, measures the absence of threats to
acquired values, in a subjective sense, the absence of
fear that such values will be attacked.” The perception
of security threats depends on the traditions and
mind-set of policy-makers. The English school has dis-
tinguished three basic traditions that of a:

• Hobbesian pessimist (realism) where power is the
key category (narrow concept);

• Kantian optimist (idealism) where international
law and human rights are crucial; and 

• Grotian pragmatist where cooperation is vital
(wide security concept).

With the end of the Cold War, many authors (Buzan/
Waever/de Wilde, 1998) have observed a widening
and a deepening of the security concept in ‘postmod-
ern’ OECD countries, while a narrow security con-
cept still prevails in the U.S. (Brauch 2001). 

Selim (2003) and Kam (2003) have argued that the
security discourse in Arab Masreq countries and in Is-
rael has also focused on a narrow national security

8 The perception and interpretation of asymmetric mili-
tary power has differed depending on the vantage point
of the observer. What is being termed by some as ‘ter-
rorist’ is being legitimized by others as an expression of
the struggle for ‘liberation’ and national independence.
In the name of ‘national security’ and for the sake of
‘national survival’ thousands of people from all conflict
parties have lost their lives and may still loose their lives
in the future until the logic that has legitimized the use
of force is overcome and replaced.
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concept, and was influenced by the perception of a
‘security dilemma’ (Herz 1959).

Møller (2003) distinguished a traditional ‘national’
and three expanded security concepts of ‘societal, hu-
man and environmental security’ that differ on the
reference object, the value at risk and the sources of
threat (table 37.2). Oswald (2004) added gender secu-
rity and proposed a combined human and gender se-
curity concept (HUGE). Brauch (2003, 2005) and
Bogardi/Brauch (2005) suggested focusing the human
security discourse on the environmental security di-
mension. The human economic behavior and global
environmental change (GEC) may pose for people
with a high degree of societal and environmental vul-
nerability a ‘survival dilemma’ (Brauch 2004, 2007b).
From a Hobbesian worldview environmental and hu-
man security challenges are not perceived as threats.
From a Grotian perspective environmental security
challenges increase the societal vulnerability (Brauch
2000, 2005). From a Kantian perspective interna-
tional environmental treaties pose obligations for gov-
ernments and individuals.

Brauch (2000. 2003, 2005) distinguishes between
six factors contributing to global environmental
change (GEC, see figure 37.2 introducing a survival
hexagon): three supply-side or environmental factors:
1) climate change, 2) soil degradation, erosion and de-
sertification and 3) water (scarcity, degradation); and
three demand side or anthropogenic factors: 4) popu-
lation change (growth and decline that determine the
domestic or blue water demand), 5) rural systems (ag-
riculture and food production that is influenced by
the available green water), and 6) urban systems (that
consume water for drinking and industry). It is only
the demand for agricultural water that can be re-
placed partly by the re-use of treated waste water, by
‘virtual water’ or growing food imports (see the chap-
ters by Allan, Shuval and Nassar in this volume). The
demand for industrial water can be reduced by more
efficient industrial processes and improved demand
side management (DSM) techniques. 

These six factors contributing to global environ-
mental change (GEC) interact in linear, exponential
or chaotic ways and may contribute to environmental
scarcity of soil, water and food which intensify envi-

Table 37.1: Vertical Levels and Horizontal Dimensions of Security. Source: Brauch (2003, 2005, 2005a, 2006c, 2007,
2007a).

Security dimension 
Level of interaction 
(reference point) 

Military Political Economic Social Environmental 
(longer-term environmental 

challenges)

Human Cause and victim

Societal/
Community

National 
(short-term threats)

Middle East discourses
on ‘security dilemma’ ‘survival dilemma’

International/
Regional

Global/
Planetary 

GEC

Table 37.2: Expanded Concepts of Security. Source: Møller (2003); Oswald (2001).

Reference object Value at risk Source(s) of threat

National Security The State Sovereignty
Territorial integrity

Other states
(Sub state actors)

Societal security Nations, 
Societal groups

National unity
Identity

(States) Nations, Migrants, Alien 
culture

Human security Individuals
Humankind

Survival
Quality of life

State, Globalization, Nature

Environmental security Ecosystem Sustainability Humankind

Gender security Gender relations, Indigenous 
people, Minorities

Equality, Identity Patriarchy, totalitarian institutions 
(govern-ments, churches, elites)
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ronmental degradation and may result, taking the spe-
cific national and international context into account,
in environmental stress. Depending on the system of
rule and on the level of economic development, the
interaction between state, economy and society differ,
as will the role of knowledge in enhancing the na-
tional coping capacities for adaptation and mitigation.
Climate change may increase the probability and in-
tensity of extreme weather events (drought, floods)
and thus increase internal displacements and migra-
tion. Again both factors may contribute to or cause
domestic crises that may escalate to different forms of
low-level violence (figure 37.2). 

These complex interactions have been illustrated
in the PEISOR model (Brauch 2005, 2007) where P
(pressure) refers to six drivers of global environmental
change (survival hexagon); E to the effects of the lin-
ear, non-linear or chaotic interactions within the ‘hex-
agon’ on environmental scarcity, degradation and
stress; I to extreme or fatal impacts of human-induced
and climate-related natural hazards (storms, flash
floods, flooding, land slides, drought); SO to societal
outcomes: internal displacement, migration, urbaniza-
tion, crises, conflicts, state failure and R to response
by the society, the business community, the state
where both traditional and modern technological
knowledge can make a difference. While natural and
human-induced hydro-meteorological natural hazards
cannot be prevented, their impact in terms of deaths,
affected people, economic and insured damages can
be reduced by a combination of policies and measures
that link ‘protection’ with ‘empowerment’ of the peo-
ple to become more resilient (CHS 2003). 

This PEISOR model has been illustrated elsewhere
for the impacts of the six factors of global environ-
mental change on the environmental dimension of hu-
man security for the Mediterranean space during the
20th and 21st century that will have severe repercus-
sions by posing new challenges to environmental and
human security.9 With some degree of uncertainty the
six factors of a ‘survival hexagon’ can be projected
globally, regionally and below for Israel and Palestine,
as well as for Egypt, Jordan, Lebanon and Syria. 

Less is known on possible interactions among
these factors that may result in surprises. The trend
projections of the demand side, as well as of climate
change and soil erosion directly interact with hydro-
logical processes that result in changes of precipita-
tion, groundwater resources, intrusion of saline water,
and increase in evapotranspiration that impact on the
future yields of agricultural products. However, to
move from trends to foresight requires integrated re-
gional modeling what goes beyond the scope of this
chapter and the expertise of its author. These trends
may pose major environmental and human security
challenges that will seriously worsen the quality of life
in the region, posing for those with a high societal vul-
nerability a threat to their livelihood and for some
even a ‘survival dilemma’ (Brauch 2004, 2007b).

Figure 37.1: PEISOR Model Combining GEC, Environmental Stress and Extreme Outcomes. Source: Brauch (2005: 16).

9 Brauch 2001, 2003, 2006; see for many speeches by the
author in Lecce (2004), Bonn (2005), Israel (2006),
Mexico (2006), Thailand (2006) and Spain (2006), at:
<http://www.afes-press.de/html/download_hgb.html>.
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37.4 Regional Impacts of Global 
Environmental Change 

Which impacts of GEC can be foreseen for Israel and
Palestine, as well as for Egypt, Jordan, Lebanon and
Syria based on trend projections? Have they been per-
ceived as environmental challenges in Israel and Pales-
tine? Are the people in Israel and Palestine ready to
support functional cooperation in coping with these
challenges? 

Issar and Zohar (2004) analyzed the impact of nat-
ural variability of climate change, of warming and
cooling and precipitation on the environment and civ-
ilization in the Middle East for the past 10,000 years
by integrating the knowledge of archaeology with that
of climate change on the background of opposing
paradigms. Issar and Zohar (2004: 232) stress that cli-
mate change: “may endanger the economy of many
countries in the region is a foregone conclusion …,
namely that a warm period is equated with a reduc-
tion of precipitation. … Taking into account that … ag-
riculture still plays a significant role in the economy of
the Near East, a severe reduction in precipitation will

most likely damage the economy of most countries in
this region.” Crises resulting from water shortages
have “been averted or mitigated” by human innova-
tion based on “scientific research, engineering and ag-
ronomic innovations, together with the education of
farmers to adopt new technologies”. These advances
“are interdependent processes that can succeed only
when the vicious cycle of poverty and ignorance, reli-
gious fanatism and aversion to innovation, is broken”
(Issar/Zohar 2004: 232 – 233).

In figure 37.2 six factors introduced above contrib-
uting to GEC are combined in a ‘survival hexagon”
(Brauch 2000, 2003, 2005). While the demand side
factors can be projected, the interaction among the
factors of the earth system is more complex, espe-
cially the impacts of climate change on the hydrologi-
cal cycle. Steffen et al. (2004: 71) noted that “the be-
havior of the Earth System is typified not by stable
equilibria but by strong non-linearities, whereby rela-
tively small changes in a forcing function can push the
System across a threshold and lead to abrupt changes
in key functions”.

Figure 37.2: Interactions in the Survival Hexagon. Source: Brauch (2003, 2005, 2005a).
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They argue that “the potential for abrupt change is
a characteristic that is extremely important for under-
standing the nature of the Earth System” (Steffen et
al. 2004: 71) and that “the understanding of the natu-
ral rhythms and patterns of Earth System functioning
is essential to understanding the impacts and conse-
quences of global change” (Steffen et al. 2004: 72).
Since 1945 the interactions among “population, tech-
nology and socio-political organization has changed
dramatically” as have “the scope and degree of human
alteration of the Earth System” (Steffen et al. 2004:
83). The syndromes approach may be a promising ap-
proach to assess critical developments in the Earth
System (Schellnhuber et al. 1997; Petschel-Held/
Lüdeke/Reusswig 1999; Lüdeke/Moldenhauer/Pet-
schel-Held 1999). They concluded that “the last 50
years have without doubt seen the most rapid trans-
formation of the human relationship with the natural
world in the history of humankind” (Steffen et al.
2004: 131). They admit that at present it is not possi-
ble “to make any projection on how global change
will progress over the next few centuries” (Steffen et
al. 2004: 134). 

Human action has specifically affected a) the car-
bon cycle, b) the nitrogen, phosphorous and sulphur
cycles, c) the hydrological cycle and d) the climate sys-
tem. Steffens et al. (2004: 196) concluded that “the
human-environment relationship has changed funda-
mentally in the last few centuries, and particularly in
the last 50 years. On the effects of climate change on
the hydrological cycle and on water resources for hu-
mans, Steffens et al. (2004: 222) claimed that such an
effect “may already be discernible above natural varia-
bility” and they stressed that “rainfall has likely de-
creased by about 3 per cent over much of the sub-trop-
ical land areas”, and in agreement with the IPCC they
noted an “increase in extreme precipitation events
over the past century in the Northern hemisphere”.
But they caution that “the effect of climate change on
water resources in the future is difficult to estimate”
(Steffen et al. 2004: 222). 

As the Intergovernmental Panel on Climate
Change (IPCC), they point out that the scenarios sug-
gest a decrease in runoff in the Mediterranean and
that the reduced streamflow and groundwater re-
charge may lead to a reduction of water supply by 10
per cent or greater by 2050. “Water supplies will de-
crease in many countries that are already water
stressed and increase in others. … Second, extreme
events – floods and droughts – will increase. Thirdly,
currently deleterious impacts on water quality will be
amplified rather than damped by climate change”.

The latter can be traced in the Middle East for the
past 6,000 years. 

The demand and supply of water in the ‘narrow’
Middle East will be severely influenced by the other
six factors of the ‘survival hexagon’ and their regional
and local interaction that will require more systematic
and multidisciplinary research. First the projected
changes in the demand for water will be projected
and then the projected changes in water supply in an
age of climate change will be reviewed.

37.4.1 Changing Demand Side: Population 
Growth, Urbanization, Agriculture and 
Food

The Mediterranean region and especially the Middle
East and North Africa (MENA) have experienced ma-
jor demographic changes since 1850. While in the five
South European countries (France, Greece, Italy, Por-
tugal, Spain) the population has grown from 83 mil-
lion (1850) to 177 million in 2000, the population may
drop to 154 million by 2050 according to the medium
projection of the UN Population Division’s 2000 as-
sessment. However according to the UN’s 2004 as-
sessment the population in these five countries may
stabilize at 178 million people by 2050 due to a rapid
increase of immigration that has been observed in
Italy and Spain especially between 2000 and 2005
(Siegel 2006; IOM 2005). 

In the MENA the population has grown from 25.6
million in 1850 to 232.3 million in 2000 and the pop-
ulation is projected according to the 2000 Revision to
grow to 413.2 million in 2050 (Brauch/Selim/Liotta
2003: 972; UN 2001, table 37.3). The population in
the ‘narrow’ Middle East (in the territory of Israel and
its neighbors: Egypt, Jordan, Palestine, Lebanon and
Syria) has steadily grown from 12.45 million in 1850 to
13.05 million in 1900 to 30.272 in 1950 to 101.713 in
2000. The UN’s population projection for these six
nations for 2050 was according to the 2000 Revision
about 188.798 million and according to the most re-
cent 2004 revision even 197.239 million (UN 2003,
2005, 2005a). This implies a population growth in the
‘narrow’ Middle East between the year 2000 and
2050 between 87.085 (2000 Rev.) and 95.526 (2004
Rev.) million people. These people need water, food
and jobs for a decent livelihood in the region or they
may be forced to move to other countries where these
are more easily available.

In its 2004 World Population Data Sheet, for mid-
2004 the U.S. Population Reference Bureau (PRB
2004) estimated the population of Israel at 6.8 million
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(annual increase 1.6 per cent), of the Palestinian Terri-
tory at 3.8 million (3.5 per cent), of Jordan at 5.6 mil-
lion (2.4 per cent), of Lebanon at 4.5 million (1.7 per
cent), of Syria at 18 million (2.4 per cent) and of Egypt
at 73.4 million (2.0 per cent). Based on UN (2001) fig-
ures (table 37.3) the population in Israel has increased
from 1.26 million in 1950 to 6.04 million in 2000 and
may grow until 2050 by 4 million to 10.065 million
(PRB: 10.6). For Palestine (Occupied Palestinian Terri-
tories, OPT) the UN stated an increase from 1.01 mil-
lion in 1950 to 3.19 million in 2000 and it projected an
increase to 11.82 million (PRB: 11.9) until 2050. From
2000 to 2050, the medium 2000 rev. projects for Jor-
dan an increase from 4.9 to 10.47 (PRB: 10.2) million,
for Lebanon from 3.5 to 5 million (PRB: 6.9), for Syria
from 16.2 to 36.35 million (PRB: 35) and for Egypt
from 67.9 to 113.84 (PRB: 127.4) million people. 

The UN long-term population projection until
2300 projects for Israel a population decline to 9.37
million and for Palestine an increase to 13.5 million.
All countries have experienced severe water scarcity,
and due to the demand increase the water stress (scar-
city, degradation) will further increase as will the com-
petition between ‘blue’ drinking water and ‘green’ wa-
ter for irrigation.  

The urbanization rate (table 37.4) in the countries
in the Near East has been above the average for Africa
and West Asia. The growth of mega-cities (table 37.5)
has also been significant from 1950 to 2000 and they
will grow further to 2015 (UN 2002), which has signif-
icantly increased their vulnerability to earthquakes
and hydro-meteorological hazards (drought, flash
floods).

According to Bruinsma (2003) the self-sufficiency
rates for cereals for the MENA region has declined
from 86 per cent (1964–1966), to 65 per cent (1995–
1997), and it has been projected to drop further to 56
per cent by 2030. Simultaneously, the net cereal im-
ports have risen within 30 years from 5 million tons in
1964–1966, to 43 million tons in 1995 to 1997 and they
have been projected to rise to about 102 million tons
by 2030. According to FAO by 2030 the cereal import
needs of the MENA region will be larger than those
of Latin America and the Caribbean, Sub-Saharan Af-
rica and South Asia combined. Increase in food de-
mand, decline in crop yield due to climate change
(temperature increase, evapotranspiration), the likely
decline in precipitation and increasing demand for
drinking water will be a key driver for growing food
imports or ‘virtual water’. 

Table 37.3: Population Growth in the Near East Countries, 1850-2050. Source: UN (2001, 2005) and Brauch (2002, 2006b).

Real population development
Projection
Med. var.

Changes

 1850 1900 1950 1980 2000 2025 2050 1950-
2050

2000-
2050

2000 Rev. 2000 Rev. 2000 Rev. 2004 
Rev.

2000 Rev.
[2004 Rev.]

 Egypt 5.5 10.0 21.834 43.749 67.884 94.777 113.840 125.916 92.006 45.956

 Jordan 0.25 0.3 1.237 2.923 4.913 8.666 11.709 10.225 10.472 6.796

 Israel 1.258 3.879 6.040 8.486 10.065 10.403 8.807 4.025

 Palestine 0.35 0.5 1.005 ? 3.191 7.145 11.821 10.058 10.816 8.630

 Lebanon 0.35 0.5 1.443 2.669 3.496 4.581 5.018 4.702 3.575 1.522

 Syria 1.5 1.75 3.495 8.704 16.189 27.410 36.345 35.935 32.850 20.156

Narrow 
Middle East

7.95 13.05 30.272 101.713 151.065 188.798 197.239 156.566
[166.967]

87.085
[95.526]

Eastern 
Med.

12.45 16.05 29.247 62.613 89.497 142.899 173.776 144.529 84.279

Only North 
Africa

13.1 22.3 44.099 91.362 142.802 199.832 239.426 244.293 195.327 96.624

Total 
(MENA) 

25.83 38.77 74.152 154.910 233.473 344.048 414.512 340. 360 181.039

South 
Europe

83.0 103.5 132.913 167.265 177.304 172.492 154.065 178.034 21.152 -23.239
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37.4.2 The Changing Supply Side: Climate 
Change, Hydrological Changes and Soil 
Erosion

For the 21st century the climate models assessed by
the IPCC (2001) in its Third Assessment Report sug-
gest for the Mediterranean Basin “warming greater
than the global mean warming” and for the summer
season, “this warming is in excess of 40 per cent
above the global average warming”. With regard to
precipitation, the model consensus is “that there will
be little change in winter and drying for the summer”
and for some models a large decrease is predicted.
Based on global circulation models (GCM) the pro-
jected mean temperature for the Eastern Mediterra-
nean for the 2080s between July and September may
increase between 3.0 and 5.0 °C. The Third Assess-
ment Report of the IPCC (2001: 651–652) projected
mean temperature and precipitation changes for sum-
mer in the 2080s, that will be quite severe for the
MENA region compared with Europe. 

37.4.3 Complex Interactions between Climate 
Change and Hydrological Cycle (Water 
Scarcity)

The Working Group II of the IPCC (2001a: 191–234)
devoted one chapter on “hydrology and water resour-
ces” to the state of our knowledge on the known link-
ages at the global level:

• There are apparent trends in streamflow volume …
in many regions. These trends cannot be definitely
attributed to changes in regional temperature or
precipitation. …

• The effect of climate change on streamflow and
groundwater recharge varies regionally. 

• Peak streamflow is likely to move from spring to
winter in many areas. ….

• Glacier retreat is likely to continue, and many
small glaciers may disappear.

• Water quality is likely to be degraded by higher
water temperature, but this may be offset region-
ally by increased flows. …

• Flood magnitude and frequency are likely to
increase in most regions, and low flows are likely
to decrease in many regions.

Table 37.4: Changes in Urbanization Rates in the Narrow Middle East, 1950-2030 (in Per Cent). Source: UN (2002).

1950 1960 1970 1980 1990 2000 2010 2020 2030

 Egypt 31.9 37.9 42.2 43.8 43.6 42.7 44.0 48.2 54.4

 Jordan 35.9 50.9 56.0 60.2 72.2 78.7 80.1 82.2 84.4

 Israel 64.6 77.0 84.2 88.6 90.3 91.6 93.0 93.9 94.6

 Palestine 
(OPT)

37.3 44.0 54.3 61.1 64.0 66.8 70.0 73.5 76.9

 Lebanon 22.7 39.6 59.4 73.7 84.2 89.7 92.1 93.1 93.9

 Syria 30.6 36.8 43.3 46.7 48.9 51.4 55.4 60.6 65.6

Western 
Asia

26.7 35.0 44.4 51.7 62.0 64.7 67.2 69.8 72.4

Table 37.5: Growth of Urban Centers in the Mediterranean, 1950-2015. Source: UN 2000. 

City 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Istanbul 1.08 1.37 1.74 2.20 2.79 3.60 4.40 5.41 6.54 7.91 9.45 10.81 11.84 12.49

Cairo 2.41 3.00 3.71 4.61 5.33 6.08 6.86 7.69 8.57 9.53 10.55 11.61 12.66 13.75

Alexandria 1.04 1.25 1.50 1.75 1.99 2.24 2.52 2.84 3.21 3.65 4.11 4.59 5.05 5.53

Tel-Aviv 0.42 0.56 0.74 0.88 1.03 1.21 1.42 1.62 1.80 1.98 2.18 2.37 2.52 2.63

Amman 0.09 0.14 0.22 0.30 0.39 0.50 0.64 0.78 0.96 1.18 1.43 1.70 1.97 2.21

Beirut 0.34 0.43 0.56 0.72 0.92 1.06 1.21 1.39 1.58 1.82 2.06 2.24 2.37 2.47

Damascus 0.37 0.46 0.58 0.73 0.91 1.12 1.38 1.59 1.80 2.04 2.34 2.69 3.07 3.50

Aleppo 0.32 0.39 0.48 0.59 0.72 0.88 1.07 1.29 1.54 1.84 2.17 2.54 2.92 3.31
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• Demand for water generally is increasing as a
result of population growth and economic devel-
opment, but it is falling in some countries.

• The impact of climate change on water resources
depends not only on changes in the volume, timing,
and quality of streamflow and recharge but also on
system characteristics.

• Unmanaged systems are likely to be most vulnera-
ble to climate change.

• Climate change challenges existing water resources
management practices by adding additional uncer-
tainty (IPCC 2001a: 193).

With regard to water availability, the IPCC (2001a:
193) stated that change “has the potential to induce
conflict between different users” within the same area
or between different parts of the river basin. 

Where there are disputes, the threat of climate change is
likely to exacerbate, rather than ameliorate, matters
because of uncertainty about the amount of future
resources that it engenders. One major impact of cli-
mate change for agreements between competing users
(within a region or upstream versus downstream) is that
allocating rights in absolute terms may lead to further
disputes in years to come. 

The impact of climate change for water resources re-
quires according to the IPCC’s Third Assessment Re-
port (TAR) more research with a focus on: a) creation
of credible climate change scenarios; b) characteriza-
tion of natural and hydrological variability, c) im-
proved hydrological models, d) characterization of un-
certainty, e) impacts on real world water systems and
f) effects of adaptation. Effective adaptation to cli-
mate change in the water sector requires, according to
the IPCC, efforts in five main areas: a) data for mon-
itoring; b) understanding patterns of variability; c) an-
alytical tools; d) decision tools and e) management
techniques. Many scientific studies have addressed the
climate-ocean interaction, the implications of climate
and sea level change and the impact of climate change
on coastal areas. More research is needed, at the re-
gional and national level on the likely impact of cli-
mate change on the availability of water resources, on
precipitation and evaporation levels.

The Near and Middle East has been water stressed
for millennia, but with progressing population in-
crease since 1850 to 2050 the available water per per-
son has steadily declined. Water degradation due to
over-pumping and intrusion of seawater has increased.
The water projections until 2020 or 2050 due to both
population (demand) growth and precipitation (sup-
ply) decline resulting from regional warming for Is-
rael, Palestine and Jordan are very severe. 

UNEP-GRID states: “The regions most vulnerable
to domestic water shortages include those where ac-
cess to water is already limited, the population is
growing rapidly, urban centers are spreading, and the
economy is burdened by financial problems and a lack
of skilled workers. … The impacts of climate change
… are expected to have varying consequences for the
availability of freshwater around the world. … An in-
crease in the rate of evaporation will also affect water
supplies and contribute to the salinization of irrigated
agricultural lands. … Current indications are that if cli-
mate change occurs gradually, the impacts by 2025
may be minor. … Climate change impacts are pro-
jected to become increasingly strong during the dec-
ades following 2025”.10 However, for the Near East
the impact will already be significant by 2025 for
‘green water’ availability for food production.

According to Hayek (2004) the available water per
person in the Arab world declined since the 1950s to
the present by two thirds, from 3000 m3/y to 1000
m3/y. For Jordan by 2010 the water demand may rise
to 1436 mcm/y and by 2020 to 1647 mcm/y from the
presently available water supply of 780 mcm/y. Hayek
projected until 2020 a water deficit of 400 mcm/y or
a decline to 140 m3/y per person. According to the
Water Commission of Israel the agricultural water use
has declined since 1998 while the domestic water use
has increased due to the immigration (Israel 2002: 75)

The water demand in Gaza may increase from 114
mcm (2000) to 228 mcm (2010) to 285 mcm (2020)
and in the West Bank from 155 mcm (2000) to 394
mcm (2010) to 584 mcm (2020) (UNEP 2003).

Martin Parry et al. (1999) have indicated major yield
declines for an unmitigated emissions scenario of –2.5 to
–5 per cent for the Middle East while the European
Union, Japan, China and Canada may experience yield
gains. With a 750 ppm stabilization scenario there may
be less reduction in yield in semi-arid subtropical
regions. Under the 550 ppm stabilization scenario the
pattern is less obvious: lower CO2 levels and their asso-
ciated climate changes suggest less reduction in yields
than in the 750 ppm scenario in southern Africa, eastern
Europe, the northern Middle East and Australia. The
soil in many parts in the Eastern Mediterranean is
already highly eroded. 

The national communications from five non-annex I
Countries to the Secretariat of the United Nations
Framework Convention on Climate Change (UN-
FCC) provides the specific national perspectives of
Egypt11, Israel12, Jordan13 and Lebanon14 that should

10 See for details at: <http://www.grida.no/climate/vital/37.
htm>.
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be reflected in the medium term projections on the
estimated and modeled water supply changes due to
climate change. Only Syria has not yet submitted such
a report and as Palestine is not yet a state no such re-
port for the Occupied Palestinian Territory exists.

37.4.4 Complex Interactions between Climate 
Change, Hydrological Cycle and Soil 
Erosion

What will be the interaction among the factors of the
survival hexagon (figure 37.2) by 2025, 2050 or 2100?
If one assumes linear interactions the impact for
human and environmental but also economic security
(of Arab countries with a high degree of the popula-
tion living from agriculture) will be very severe. Obvi-
ously these serious trends have not been conceptual-
ized as issues of national and regional security and
survival in the MENA and Near East region.

David Newman (2004, 2007) has recently argued
that “environmental issues have not occupied a prom-
inent place in the Israeli public agenda”. He noted
that “the redefinition of notions of security which
have taken place throughout the world, to include en-
ergy, food, health, livelihood, rights or global environ-
mental change, are not considered part of the ‘secu-
rity’ discourse as such, inside Israel, where the term
‘security’ retains a narrow and highly focused in-
terpretation.” This assessment applies also to neigh-
boring Arab Masreq countries where security has
been conceptualized primarily as narrow national se-
curity (Selim 2003, 2007).

To put the regional implications of global environ-
mental change on the agenda of the security dis-
course, a widening of the prevailing concepts of mili-
tary and demographic security is needed. However,
such a political agenda-setting would require an im-
proved area-specific knowledge of climate change im-
pacts, i.e. both higher resolution regional circulation

models, local and sub-regional climate case studies, as
well as integrated climate models (e.g. Strzepek/On-
yeji/Saleh/Yates 1995) that take other factors of the
‘survival hexagon’ into account based on different
economic growth rates. Water supply and demand
will be severely influenced by the impacts of these fac-
tors until 2050.

37.5 Impact of these Factors of Global 
Environmental Change on the 
Security of the Narrow Middle 
East

The analysis of the impact of these environmental
threats, challenges, vulnerabilities and risks referred to
above as demand and supply-side factors of GEC de-
pends on the worldview and the mindset of the ana-
lyst and of the prevailing views of the national elites,
the public awareness in the media and in the public at
large. Francesca de Chatel has outlined persuasively
(in her chapter in this volume) the role of religion,
politics and technology in concealing the growing wa-
ter scarcity in the Middle East.

So far no systematic scientific debate on environ-
mental and human security issues has taken place in
Israel (Newman 2004, 2007; Twite 2003, 2007) and
in most Arab states (Dajani 2007; Selim 2007;
Chourou 2005, 2007). However, as long as such a sci-
entific and public debate is lacking in those countries
that will be affected most severely by the projected
impacts of GEC, the urgency to prepare adaptation
and mitigation strategies for coping with these chal-
lenges will remain low. Until October 2006, no Na-
tional Adaptation Program of Action (NAPAs) was
prepared for any of these five countries of the narrow
Middle East.

37.6 Relevance of European 
Experience for the Narrow 
Middle East?

Only the breaking out of the cycle of violence after
1945 made a fundamental change possible in Europe.
The conceptual ideas of Mitrany, Marshall and Mon-
net mattered. The ‘Soviet threat’ helped and required
cooperation among former enemies. However, the
analogies between Europe and the Middle East are
limited. The four intellectual pillars, created by con-
ceptual thinkers, political visionaries and pragmatists
from the four allied powers in dealing with the ‘Ger-

11 The first national communication of Egypt was submit-
ted on 19 July 1999, see the full text at: < http://unfccc
.int/resource/docs/natc/egync1.pdf>

12 The first national communication of Israel was submit-
ted on 18 November 2000, see the full text at: <http://
unfccc.int/resource/docs/natc/isrnc1.pdf

13 The first national communication of Jordan was submit-
ted on 6 March 1997, see the full text at: <http://
unfccc.int/resource/docs/natc/jornc1.pdf>.

14 The first national communication of Lebanon was sub-
mitted on 2 November 1999, see the full text at: < http://
www.moe.gov.lb/MOE%20Site/ClimateChange/phase1.
html>.
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man problem’ made a fundamental difference in Cen-
tral Europe.

The environmental challenges confronting the
new generation of Arabs and Israelis during their life-
time may severely undermine the welfare, health and
even the survival of the poor. Monnet and Marshall
were political realists with clear political interests and
the political skill to realize their visions that funda-
mentally changed Europe and the perspectives of
most Europeans from confrontation to cooperation.
Developing a ‘small hope’ (Dajani 2004) in the region
may gradually change the context towards coopera-
tion. If the environmental challenges confronting the
livelihood of human beings in the region during the
21st century are real for those who are now attending
school, why are they not being taught about these
challenges? Why are these challenges not being dis-
cussed within civil society, in the press and in parlia-
ments? Why have they remained a concern only for a
few scientific specialists? 

Elsewhere, this author translated the functional
concepts of Mitrany, Monnet and Marshall into a con-
ceptual proposal for the Near East (Brauch 2004a,
2004b, 2006). The proposal is based on reconceptual-
izing security in relation to peace, environment and de-
velopment (Brauch/Grin/Mesjasz/Krummenacher/
Chadha Behera/Chourou/Oswald Spring/Kameri-
Mbote 2007). The first proposal is probably the most
difficult: to gradually shift from a narrow ‘national
military security’ to a ‘human, societal and environ-
mental security’ concept. It would require a basic shift
from the state or the respective political group to the
individual as a victim of violence. This will require a
fundamental change in the mind-set of policy-makers,
elites, communicators but also in the threat percep-
tion of the people in the street and a gradual shift
from the focus on the ongoing conflict to the longer-
term mutual environmental challenges that may
threaten their livelihood. At present in all communi-
ties in the narrow Middle East environmental con-
cerns have a low priority. 

A basic shift in the perception of security threats,
challenges, vulnerabilities and risks necessarily implies
a shift away from the ‘Hobbesian fear’, the action-re-
action patterns of zero-sum games, of the thinking in
terms of a ‘security dilemma’ to a pragmatic thinking
that focuses on functional cooperative potentials, on
non-zero-sum games to enhance the coping capacities
in dealing with the emerging challenges for individu-
als and their families. This may lead to two policy
goals: a) sustainable development by optimizing re-
source efficiency and b) sustainable peace focusing on

human, societal and environmental security and polit-
ical peace with prosperity. The latter may be utopian
for the present and the future.  

What can we learn from the end of World War I
and II in Europe? The Versailles Peace Treaty of 1919
may be interpreted as a combination of Hobbesian
punishment, and of Wilson’s vision of a better world
based on democracy and the League of Nations.
While after World War II a more realistic attempt was
made for a ‘UN with teeth’, the world was divided
into two camps where the perceptions of the ‘Soviet
threat’ helped to overcome the fear of ‘German resur-
gence’. 

Marshall and Monnet succeeded during the post-
war crises with their proposals for cooperation
among former enemies. American policy-makers skill-
fully used the Marshall Plan to overcome objections.
They succeeded in changing mutual perceptions in
and of Germany. This context permitted a new gener-
ation to grow up where common European concerns
gradually become more important than purely na-
tional ones. Can any lessons be drawn from the end
of the Cold War for the narrow Middle East? The les-
sons depend on the worldviews, mind-sets, and theo-
ries of the observer. It was the breaking out of the
arms race by conceptual innovation and learning that
made the first global peaceful change in modern his-
tory possible between 1989 and 1991. Gorbachev’s
‘new thinking’ fostered a readiness for change from
the top that overcame the fear of the people to peace-
fully protest and to change their system of rule from
below during the fall of 1989 in East Central Europe
and in the former Soviet Union.

As long as the political leadership and the people
in the region seem to adhere to a narrow hard security
concept and perceive the basically asymmetric conflict
as a ‘zero sum game’ the spiral of violence, of human
misery producing permanent wounds on both sides
may never end and the opportunity to address com-
mon challenges for the young generation may be lost.
The war between Israel and Hezbollah in July and
August 2006 again made this obvious.15 One victim
has been the environment in both Lebanon and Israel

15 In summer 2006, FoEME pointed to the negative envi-
ronmental impacts of the War of Israel against the
Hezbollah in Lebanon by pointing to the serious “envi-
ronmental destruction … in both Israel and Lebanon”,
resulting from the oil spill in Lebanon “of an estimated
15,000– 30,000 tons of heavy fuel oil” and “some
600,000 trees have to date been burnt down in forest
fires caused by Hezbollah Katyusha rockets”; see at:
<http://www.foeme.org/projects.php?ind=107>
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(Brauch 2007a), which will also have longer term
impacts by throwing back reforestation projects with
direct consequences for water related issues.

At present, neither ‘objective security’ as the ab-
sence of threats to acquired values nor ‘subjective se-
curity’, i.e. the perception that these values are not
threatened, exists in the region. This remains a task of
a regional peace settlement. But such a settlement
may never be possible as long as the ‘big dreams’ pre-
vail on either side. In the past, crises have often pro-
duced new ideas and policies. Thus, there may be a
need for a fundamental shift in the thinking on secu-
rity in the region away from exclusively Hobbesian
‘national security’ concept to a supplementary human-
centered environmental security concept that permits
a focus on joint challenges of regional, national and
individual survival.

One major task is to gradually overcome the Hob-
besian zero-sum games. None of the new en-viron-
mental challenges can be solved with this perspective.
The daily experience of violence makes confidence
and ‘partnership building measures’ (Brauch 2000)
more difficult but at the same time more timely. Dur-
ing the Cold War, independent thinkers in East and
West who analyzed the consequences of a failure of
deterrence and the reality of a nuclear war in Central
Europe started to work jointly on modest steps of mil-
itary confidence building measures, on non-offensive
defense and less threatening military doctrines
(Brauch/Kennedy 1990, 1992, 1993). In the 1980s,
these concepts were analyzed by Gorbachev’s policy
advisers and then were taken up, at least as declara-
tory policy goals (Grunberg/Risse-Kappen 1992; Herr-
mann/Ned Lebow 2004).

37.6.1 Functional Cooperation on Regional 
Impacts of Global Environmental 
Change 

The recognition of new environmental challenges that
affect the Israeli and Palestinian communities and can-
not be solved with military means is a major step.
This is a task of educators, motivated by an ethics of
responsibility (Verantwortungsethik) for future gener-
ations (Jonas 1979). This joint recognition requires
common frameworks and institutions for research.
The next step is agenda-setting for this long-term edu-
cational agenda, for the public and policy-makers on
both sides. 

In the Near East there may be a need for cross-
border environmental partnership building measures
by addressing both the urgent and longer-term joint

environmental challenges by cooperation on freshwa-
ter, wastewater, solid and hazardous waste, conserva-
tion and biodiversity. A second step may be to gradu-
ally build mutual trust by functional cooperation
addressing the challenges to survival by water, soil and
food specialists from Israel, Palestine, Egypt and Jor-
dan. A third step may be to contribute to an anticipa-
tory learning to adjust and to mitigate against the six
projections and their possible linear or chaotic inter-
actions. 

Functionalists in the tradition of Mitrany have ar-
gued that a network of functional cooperation may
gradually ‘spill over’ to the political realm. Although
many political scientists have challenged this hypothe-
sis, nevertheless functional cooperation may contrib-
ute to subjective security, to a gradual decline of the
fear that basic values will be attacked by the other.
Subjective security also requires satisfying basic human
needs and overcoming the perception of humiliation
and creating respect for the dignity of the other. 

Only from a wider ‘human security’ perspective to
environmental security challenges to humans matter
and may be perceived as threats to human livelihood
and survival. This requires a wider security concept
that recognizes soft ‘security’ challenges and an under-
standing that they can be solved only by cooperation.
Such strategies must build on existing forms of coop-
eration, like those of water specialists. The increasing
water scarcity and degradation of joint aquifers have
made the cooperation of water managers, specialists
on conservation and distribution a matter of mutual
survival. Can this functional cooperation be broad-
ened by addressing: a) cooperation on re-use of
wastewater for irrigation, b) cooperation on desalina-
tion, c) desertification strategies to combat soil ero-
sion by sharing the mutual experience, as well as new
methods in combating desertification, and d) on agri-
cultural and food issues by an increased exchange of
knowledge on farming in arid and semiarid areas, on
cooperation in research, training and capacity build-
ing?

37.6.2 A Perspective for Functional 
Cooperation of Water, Food and 
Desalination Experts16

This cooperation could start building on existing
foundations of cooperation among water, food and
desalination specialists within the region with the goal
to create regional interdependence that requires daily
cooperation. This cooperation may focus on several
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components, starting with research, teaching and
training and possibly later leading to joint activities.

37.6.2.1 Research on Common Environmental 
Challenges on Regional Implications of 
Global Environmental Change 

This could become a major task for a quadri-national
Research Institute on Global Change in Taba, Eilat
and Aqaba (to be funded by international donors).
Around such a high-level regional research centre, sev-
eral technical institutions of higher learning with
scholars from all four countries including outside
scholars should be considered. At a later stage even a
joint technical university of the Gulf of Aqaba with
graduate schools in Egypt, Israel and Jordan may be
considered addressing those technologies most in
need to enhance the coping capacities of all four
countries to adapt to and to mitigate the projected re-
gional impacts of global environmental change. Such
integrated advanced research centers could address
the following areas for functional scientific coopera-
tion:

1. Developing most advanced renewable energy tech-
nologies relevant for the region;

2. Schemes for desalination;
3. Sustainable food production;
4. Sustainable tourism;
5. New urban environments for jobs and living.

37.6.2.2 Ten Steps for Functional Cooperation in 
Addressing Common Environmental 
Challenges

The sponsors of such a joint research infrastructure
for recognizing the common environmental chal-
lenges and for developing the adaptive and mitigation
technologies could be the EU countries, the USA and
Japan, with support of major international financial
institutions (World Bank, IMF, and EIB). To realize
this ‘small hope’ for functional scientific cooperation
the following ten steps could be considered:

1st Step: Problem Recognition and Creation of
Awareness: Establishment of an international
Research Centre on Regional Impact of Glo-
bal Environmental Change to Mitigate Envi-
ronmental and Human Security Risks;

2nd Step: Creating the Knowledge Basis for Mitiga-
tion: Establishment of an International Techni-
cal University of the Gulf of Aqaba with
international departments and faculty in Taba,
Eilat and Aqaba.

3rd Step: Setting up a Tri-national Integrated Infra-
structure, e.g. in Taba: a Centre and Labo-
ratory on Renewable Energy: solar and wind
funded by the EU; in Eilat: a Centre on Agri-
culture in Arid Regions in close cooperation
with the Desert Research Center in Egypt and
the Blaustein Institute on Desert Research in
Israel with U.S. financial support, and in
Aqaba a Centre for Hydrology and Desalina-
tion to be supported by Japan.

4th Step: Supplying Fossil and Renewable Energy. Ini-
tially such a pilot desalination plant could be
operated with natural gas from Egypt and oil
from Saudi Arabia, that could increasingly be
replaced with energy from solar thermal with
major plants in the desert and wind power in-
stallations along the Red Sea with excellent
technical potential. 

5th Step: A Longer-term Goal could be the Creation
of a Joint Infrastructure for a Local Hydrogen
Economy Across the Gulf of Aqaba as is pres-
ently being planned by DaimlerChrysler, Nor-
skhydro and the Icelandic Electricity Company
for Iceland.

6th Step: Cooperative Mitigation of Water Scarcity by
a joint training institution for water experts on
water efficiency, and building joint water de-
salination plants to serve all three countries;
and finally

7th Step: Creating New Jobs and Supplying Food by
joint research and training institutions for agri-
culture, irrigation, and desertification special-
ists for arid regions (ICARDA), and Centres
for IT, computer, and software industry.

8th Step: Develop Joint Advanced Medical Research
Centres where integrated teams of specialists
and nurses would serve patients from all four
countries. Besides desalination, the realization
of regional health projects had the highest

16 The following proposal is based on the author’s paper
and presentation in Antalya in October 2004 (Brauch
2004a, 2004b). the technical proposal has been pub-
lished as (Brauch 2006). This material is used below
with the permission of Pierre Morel and Igor Linkov
and the editor of the Springer NATO series Annelies
Kersbergen with the Springer office in Dordrecht in the
Netherlands. It has been developed further in light of
the developments between September 2004 and Octo-
ber 2006.
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support among Israelis and Palestinians
(Brauch 2006: 27).

9th Step: Build New Sustainable Cities and Tourism
by developing sustainable tourist centers based
on renewable desalination, and developing
sustainable cities with a low emission trans-
port system, solar cooling and energy genera-
tion, as well as waste based electricity
generation.

10th Step: Gradually Create a Pride in Joint Achieve-
ments and Create a Culture of Cooperation
and Tolerance. 

These ten small steps of functional cooperation
among scientists and experts should avoid any na-
tional political preconditions. As in the case of the
Marshall Plan, the donors should develop a united
strategy and avoid becoming a victim of national poli-
tics in the region. These scientific institutions should
be international institutions, and they could be under
the management of UN agencies (e.g. UNEP, UNDP,
UNU) or of high-level professional organizations, or
even of new international private institutions that
would guarantee with the support of the major do-
nors both political independence and high academic
standards. 

37.6.3 Recognizing Common Challenges and 
Potential for Functional Cooperation in 
Responding to new Common Threats

This functional strategy of creating awareness and
joint regional coping capacities will not realize the ‘big
dreams’ of either side that cannot be mutually real-
ized. These steps rather rely on the ‘small hope’ on
what is scientifically possible, politically acceptable
and economically feasibility with outside assistance.
Multilateral frameworks may also assist in the post-
conflict environmental reconstruction, especially of
the OPT. Based on the functionalist credo that form
follows function: the process should start with mod-
est functional cooperation in areas the Israelis and
Palestinians already support in such areas as water, en-
vironment, health, and food. 

This requires also a gradual shift in the mind-set of
policy-makers on either side to gradually shift from
narrow military to wider human security concepts. A
precondition is a recognition of the mutual challenges
to survival (awareness creation), Thus, collaborative
research should address these joint challenges, estab-
lish joint scientific and technological capacities in the
region, use the energy potential of deserts for their

greening and for the protection of the climate. The
development of scientific, environmental and eco-
nomic partnership building measures may contribute
to a potential spill-over from functional cooperation
to conflict resolution, and thus create preconditions
for the development of confidence-building measures
for the political and military realm.

Whether the Middle East conflict is a permanent
conflict depends on the worldview and mindset of
the observer or policy-maker and his or her preferred
means in dealing with this conflict. The continued
asymmetric cycle of violence will not produce peace
but only continued hatred. It may be worthwhile to
study the cases of successful peace-building and of
overcoming centuries of conflicts, e.g. between Ger-
many and France. It may be worthwhile to study the
relevance of the simple but innovative political con-
cepts of Mitrany, Marshall, Monnet and Gorbachev in
shifting European policy after 1945 and especially also
after 1990 from conflict towards West European and
Pan-European cooperation..

This may require overcoming the traditional Hob-
besian worldview and popular mind-set by maintain-
ing, creating, building on and developing regional
functional networks of water managers in Israel and
Palestine on joint groundwater aquifers, of energy and
food specialists as well as sustainable urbanization ex-
perts. The building of common institutions requires a
certain degree of trust of the partners. The Gulf of
Aqaba region could become a laboratory for a joint
regional development. Such a process of cooperation
could start with the technical education and expand
to the economic sector, and finally hopefully contrib-
uting to a political ‘spill over’. 

The search for common strategies for ‘human sur-
vival’ that create joint coping capacities to adapt to
and jointly mitigate the regional impact. This requires
overcoming state-centred security concepts in which
power is based purely on military means. requires to
overcome state-centered security concepts based
purely on power based on military means. Civil soci-
ety may contribute to a gradual awareness for the
common environmental security challenges with the
goal of a stable human security. However, such a solu-
tion requires high political courage, President Sadat
showed in 1979 by going to Jerusalem, and entering
into a peace treaty with Israel. A ‘new thinking’ with
a new generation of leaders, as with Gorbachev may
gradually evolve, replacing some of the ‘big dreams’
of either side that can never be realized but that will
only create more misery and deeper wounds on either
side.
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The basic hypothesis of this chapter is that ideas
matter to overcome centuries of wars and conflicts
between France and Germany, and to transform the
Cold War peacefully. If “wars start in the minds of
men” (UNESCO charter 1945), then ideas mattered in
Europe and they will matter in the Middle East as
well, once there is a willingness to break out of the
confinements of Machiavellian or Hobbesian strategic
thinking. The proponents of the Geneva Initiative, of
the Ayalon-Nusseibeh Plan: Vote for Peace and of the
many other peace plans have challenged the prevailing
mind-sets of the past. Many small steps and new con-
ceptual ideas are needed to break the ice. 

Unilateral steps may contribute to a gradual re-
duction in tensions (GRIT) if they are part of a multi-
lateral strategy. In the medium or longer-term there
will be no alternative but to return to a multilateral
peace process whatever its structure may be. One of
the preconditions of success of the Marshall Plan was
that the donor, in this case the U.S. government, used
its conditionalized aid wisely. A strong and unified
strategy of all donors and equal treatment of all recip-
ients may be a necessary prerequisite. 

Grants and credits should be conditional on the
development of multilateral regional functional infra-
structures with a premium for cooperation and sanc-
tions for violation that would hurt the violator with
the suspension of assistance. In the past, conflicts and
crises have been times for learning and conceptual
innovation. Thus, the present crisis may produce the
conditions for a new ‘small hope’ for a step-by-step
implementation. The conceptual ideas for multilateral
functional projects should be developed by joint func-
tional teams of scientists from Egypt, Israel, Palestine
and Jordan. A multinational NGO consultation and
planning process could be supported by the EU in the
framework of the Euro-Mediterranean partnership or
its Anna Lindh Foundation. Other functional projects
may also be developed with the support of private
foundations in Europe, North America (e.g. of the
Carnegie, Ford or UN Foundation), and in Japan (by
the Sasakawa or Nippon Foundation).

37.6.4 Summary and Conclusions 

The key arguments and hypotheses of this chapter
may be summarized in ten points:

1. The key goal of the chapter has been to develop
conceptual ideas to gradually overcome the cycle
of violence in the Middle East by increasingly rec-
ognizing the common regional impacts of global
environmental change by addressing them jointly

through a network of coordinated functional co-
operation of water, soil, food, energy and health
specialists of Egypt, Israel, Jordan and Palestine.

2. Periods of crises and conflicts have often been pe-
riods of conceptual innovation. During World War
II, during the early and late Cold War and during
the Korean War new conceptual ideas were devel-
oped by Mitrany, Marshall, Monnet and in the
1980s by Gorbachev that fundamentally changed
the political thinking and strategy in Europe.

3. New ideas mattered in Europe and fundamentally
changed the political context. Such a ‘new think-
ing’ and conceptual ideas are needed in the Mid-
dle East conflict to overcome the ‘big dreams’ and
to develop the ‘small hope’ by functional coopera-
tion of experts to visibly improve the quality of life
of both Arabs and Israelis in the region.

4. There seems to be a will among Israelis and Pales-
tinians in support of functional cooperation on
desalination, health, environmental, agricultural,
tourism and on other issues.

5. Future environmental challenges in the region may
become so severe in the next few decades for
many young Arabs and Israelis that they can only
be addressed jointly.

6. There is a need for a fundamental shift in the per-
ception of subjective and objective security threats,
challenges, vulnerabilities and risks in the security
discourses within all countries in the region: from
a narrow military threat-based national security
view to a wider security perspective that includes
the economic, societal and environmental security
dimensions and the human being as well as hu-
mankind as referent objects.

7. The European experience of functional coopera-
tion on coal and steel matters and is a good
model. It started in 1951/1952 during the Korean
War and gradually expended to economic and
nuclear cooperation in the Rome treaties of 1957
and later to other policy areas. However, coopera-
tion should address not the most sensitive ‘war
industries’ but the technological opportunities to
cope jointly with the environmental challenges of
the future.

8. Such a functional cooperation will not produce
miracles and will not immediately break the cycle
of violence. It must be robust and guided by con-
ditions that apply to all countries in an equal and
equitable manner and must be directed by a con-
sortium of donors of the international financial
and political institutions detached from domestic
politics both in the donor and recipient countries.
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9. If wars and conflicts start in the ‘mind of men’
then these minds of the citizens and policy-makers
must be gradually changed to recognize the new
common environmental challenges, to initiate a
process of anticipatory learning by fostering the
gradual emergence of joint coping capacities to
address and to avoid those challenges to become
threats to the security and survival of all people in
the region.

10.While the donors should attach clear conditions
on their support of cross-country functional coop-
eration in the region, the recipients should be per-
suaded to accept the support without political
links to the prior realization of their respective ‘big
dreams’. 

37.6.5 Proposal for a Network to Develop 
Feasible Functional Concepts

Given the ongoing conflict and the daily mourning
over the dead and the wounded this functional per-
spective may appear unrealistic to many colleagues in
the region due to experience and lack of trust. But in
1947, the ideas of Marshall and in 1950 those of Mon-
net or in 1986 those of Gorbachev were perceived by
some – who were victims of their own mind-set - as
dreams and by others as propaganda. Thus, the initial
operational proposal is very modest: 

1. A group of two functional (water, soil, food, en-
ergy) experts each from Egypt, Israel, Jordan and
Palestine may be formed and 3 to 7 experts from
Europe, Japan and North America should be
added. This group should look for funding to
make several meetings outside the region possible
between 2007 and 2009. 

2. These experts should be given a clear task: to ex-
plore areas where functional cooperation among
experts in the region exists, where it appears to be
possible and appears to be needed to address the
challenges of the future.

3. These experts should be asked to develop a prior-
ity list of concrete proposals for functional coop-
erative projects that appear to be feasible at
present.

4. These experts should ask private foundations for
seed money to develop concept or pre-feasibility
studies of most promising proposals for functional
cooperative projects.

5. These experts should present these feasibility stud-
ies at a conference in Jerusalem or in the Gulf of
Aqaba to representatives of the Middle East Quar-

tet and to international donors and private foun-
dations.

The Israeli-Palestinian Center for Research and Infor-
mation (IPCRI) that co-organized the first and the
second Israeli-Palestinian International Conference on
‘Water for Life’ in the Middle East in Geneva in 1992
and in Antalya in October 2004 may offer an appro-
priate organizational framework to get this process of
searching for new cooperative ideas and areas of func-
tional cooperation started.
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Abstract

The author’s investigation supported by research from Mediterranean countries shows
that the present water shortage may worsen, once the globe warms. Thus, a water short-
age catastrophe in the Middle East seems imminent. By understanding and evaluating fu-
ture climatic trends and changes, in which long periods of drought may alternate with pe-
riods of abundance and floods, emphasis should be put on enlarging long-term storage
capacity, especially that of groundwater resources, this, in some cases, on account of water
quality in these reservoirs. The planned, long-term utilization of fossil aquifers, underlying
most countries, should also be investigated. 

Parallel to the climate change with its impact on the hydrologic cycle there will be increas-
ing urbanization and a consequent rising demand for urban water supply, which may be
partly answered by desalination of seawater or brackish groundwater, creating more urban
sewage water. This after treatment can be reused and also be recharged into aquifers for
the purpose of long-term storage. These two changes as well as pressure from population
increase and rising standards of living mandate new plans for water resources
management, including the creation of a regional, cooperative, long-term plan for the
Middle East aiming at increasing and sharing its scarce water resources by agreements on
trans-boundary influence and transport. 

Keywords: global warming, hydrological cycle, reuse wastewater, regional cooperation. 

38.1 Of Blessed Memory 

Just before this article was finalized, my former stu-
dent, later assistant and afterwards colleague Prof.
Ronit Nativ passed away. Certain aspects of her work
are included in this article as can be seen in the refer-
ence list. I have to admit that Ronit did not agree with
my suggestion to turn the Coastal Plain aquifer into a
long term storage reservoire, which will cause the
quality of its water to degrade. She argued that we
should do our best to restore and then keep the high
quality of the water of this aquifer. We disagreed
about this issue and it is a sad task to present her side.

Ronit was a strong believer in the possibility of
cooperation between Israelis and Palestinians in gen-
eral and in the field of water resources in particular

and did her best to advance such cooperation. Let us
hope that her belief in the possibility of cooperation
and peace between the people of this region will
become true in the near future. 

38.2 Introduction 

The impact of past climate change on the hydrology
has been investigated by this author in order to fore-
see what may be the impact of global change on the
hydro-geological regime of the Middle East in general,
and Israel and Palestine in particular. As measure-
ments are restricted to a little more than a century,
the only solution is the reconstruction of past cli-
mates and their impact on the environment, by the
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use of proxy-data. These include ancient sea, river and
lake levels, chemical and environmental isotope data
(18O,2H, 13C and Sr ) in cave, lake and sea sediments
and in fluid inclusions, tree-rings and pollen assem-
blages. From these quasi-parameters the components
of past hydrological cycles were deduced and were
used for projecting the future (Issar 2003, 2006; Issar/
Zohar 2004, 2007). 

38.3 Past Impacts of Climate Changes 

Figure 38.1 represents part of the proxy data which
were used in order to decipher the nature of climate
changes during the last 7000 years. The first curve re-
fers to the changes in the quantities of precipitation
gathered from the changes in the composition of the
environmental isotopes (oxygen 18 and carbon 13) in
the stalagmites in the Soreq Cave near Jerusalem (Bar-
Matthews et. al. 1998) The last research enabled the
estimation of the quantity of rains during historical
periods. This was done by sampling contemporary
rain and investigating the 18O and 13C isotopes’ ratios,
and then correlating them with the annual quantity of
rain. Periods of high precipitation corresponded with
periods of low temperatures.

The second curve represents ancient levels of the
Dead Sea as deciphered from its exposed sediments

(Bookman/Enzel/Agnon/Stein 2004, 2006). As can
be seen, allowing for minor differences on the time
scale, due to difference in type of sediments and their
dating, periods of high values of precipitation corre-
spond with high levels of the Dead Sea and vice versa.

The third curve portrays the ancient levels of hu-
midity at Lake Van in Anatolia as deciphered from the
chemistry of its sediments. Taking into account the
constraints, mentioned earlier, with regard to the ex-
act correspondence in time, it could be seen that the
general sequence of periods of warm dry climate, ac-
cording to the stalagmites correspond with low levels
of the Dead Sea, which correspond with low levels of
humidity at Lake Van and vice versa.

The main conclusion is that during cold periods
the Middle East became humid, while warm periods
were drier. Correlating the major climate changes
with historical and archaeological data showed that
during cold humid periods the Fertile Crescent flour-
ished, while warm dry periods spelled socio-economic
crises, desertion of urban centres especially along the
desert margins, as well as processes of desertification.
The warmer the climate (as can be seen by the oxygen
18 ratios) the drier it was (as can be seen from the
lakes’ data) with severe socio-economic crisis (archaeo-
logical data). In contrast, Egypt fared better, economi-
cally speaking, during most warm periods, and worse

Figure 38.1: Main Warm Dry Periods During the Past 7,000 Years. Source: Bar-Matthews/Ayalon/Kaufman 1998;
Bookman/Enzel/Agnon/Stein 2004; Lemcke/Sturm 1997.
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during cold climates. This was due to the fact that most
probably the Nile gets its water from the tropical and
sub tropical rain systems. (Issar/Zohar 2004, 2007).

A study of archaeological data from the various
sites in the Fertile Crescent, situated along the mar-
gins of the desert, which experienced crisis during pe-
riods of dryness, shows that not all places shared the
same fate. Urban and rural centres, which got their
water supply from non-perennial streams or perched
local aquifers, like Arad, Avdat and most of the Deca-
polis cities in Transjordan did not survive. On the
other hand, sites like Jericho and Beit Shean that were
lucky to get their supply from rivers or springs fed by
regional aquifers, survived although in worst crises
they were temporarily deserted. The perennial
springs, which mitigated the impact of periods of dry-
ness and also enabled the rapid restoration of these
emerged in most cases from the limestone and dolo-
mite aquifers of the Jurassic and Cretaceous i.e. the
Mesozoic age and in some cases of the Eocene age.
The aquiferous rocks of the Mesozoic age happen to
build the backbone of the anticlinorial structures of
the Taurides, Zagroids and Syrian arch, thus forming
the high mountainous regions, which get high
amounts of precipitation, thus recharging the regional
aquifers. These emerge as perennial springs feeding
the main rivers of the Fertile Crescent. It can be con-
cluded that these geological pre-conditions i.e. depo-
sition of limestone and dolomite rocks during the
Mesozoic and the post-Mesozoic folding, generated
the hydrogeological conditions, which helped the civ-
ilizations of the Fertile Crescent to survive during pe-
riods of warm and dry climate.

In addition to natural pre-conditions, cultural ad-
aptations should not be neglected. An important les-
son, which can be drawn from investigating the ar-
chaeological sites, is that in many cases a crisis
resulting from the decline of the flow of a spring was
postponed or entirely averted by human resourceful-
ness and innovation, such as augmenting and length-
ening the period of flow by tunneling, or by inventing
methods of pumping from wells (Issar/Zohar 2007). 

38.4 The Past as a Key to Forecasting 
the Future

The main forecast based on the above-mentioned ob-
servations is that the expected intensifycation of the
greenhouse effect will spell a dryer period in the Mid-
dle East, i.e. longer droughts and declining yearly av-
erage precipitation. This will cause the drying up of

small springs in the areas where rainfall is relatively
low. There will also be a decline in the flow of the big
springs feeding the main rivers in this region. The av-
erage amount of surface runoff will also decline. This
being said, it should be taken into consideration that
while the multi-annual average of precipitation will de-
cline, there may be years of higher percentages of pre-
cipitation, resulting in floods and also partially refill-
ing of the depleted aquifers. This may happen after
big volcanic explosions, like after that of the Pinatubo
in the early 1990s.

As in the past, the decline of the flow of the big
springs and consequently the rivers fed by them will
depend on the geography of the area of recharge of
the aquifers and on their long term storage capacity. In
general terms it can be said that the big springs emerg-
ing from the limestone aquifers of the Mesozoic age
which feed the rivers of Mesopotamia, Anatolia, Syria
and Lebanon (including the Jordan) will decline but
still persist. To what degree will this happen is a matter
of further research. But it is expected that the tropical
and subtropical systems feeding the Nile will become
stronger, resulting in higher levels of this river.

38.5 The Present

As was pointed out above the impact of the decline in
the average precipitation, on the flow of springs will
be mitigated to a certain extent by the enormous stor-
age capacity of the regional aquifers. In many regions
the utilization of these aquifers can be enhanced by
drilling and lowering of the water table in years of
want, taking all precautions not to undertake ire-
versible steps. The general recommendation should
thus be:

1. Develop the tools in which the storage capacity of
regional aquifers could be optimally managed;

2. Enlarge artificial storage, when possible;
3. Transfer water from regions of abundance but lit-

tle use to regions where the opposite conditions
exist;

4. Develop new untapped water resources.

To asses the possibility for these steps the present sit-
uation has to be taken into account.

38.5.1 Hydrogeologic Status of Major Joint 
Aquifers 

The practical application of these steps will be shown
for the water resources of Israel and Palestine. There-
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fore, a brief survey of the hydrogeology of this part of
the Middle East will be given for its regional aquifers.

38.5.1.1 The Jurassic and Cretaceous Limestone 
Aquifers 

These aquifers supply the base flow of the Jordan
River, which feeds the Sea of Galilee. A great part of
the recharge area of these aquifers is in Syria and Leb-
anon. To this lake also flow springs and winter floods
from the Galilee and the Golan Heights. Due to top-
ographical reasons the groundwater storage of these
aquifers can not be tapped and the overflow of these
aquifers is stored in the Sea of Galilee. Presently the
operational storage capacity of the Sea of Galilee is
about 560 MCM (about 25 per cent of Israel’s annual
consumption) due to evaporation and contribution
from saline springs the salinity of the water of this
lake is about 220 mg Cl/liter. 

38.5.1.2 The Cenomanian Turonian Limestone 
(Judea Group) Aquifer 

This aquifer is built of permeable limestone and dolo-
mite. Its permeability is a function of the dissolution
processes. The recharge areas are mainly in the moun-
tainous area, from where as ground water it flows to
all directions, north, south, west and east. The west-
ern flank of the anticlinorium forms the Yarkon-
Taninim aquifer, whose annual recharge is about 350
MCM. The increase in water pumping from the aqui-
fer reduced the western natural discharge in the
Taninim springs to about 33 MCM of brackish water.
The total quantity pumped annually from this aquifer
is about 570 MCM, i.e. twice the recharge, which re-
sults in the exploitation of the one time reserve and
depletion of the water table. Due to the high permea-
bility of this aquifer the water table rises sharply dur-
ing wet years and declines quickly during dry years.

The part of the Judean Group aquifer east of the
ground water divide is flowing towards the Rift Valley,
and part of it to the fresh and mostly brackish springs
flowing into the Dead Sea. A part flows to the North
East to the Beit Shean Valley, with a quantity of about
250 MCM. The springs along the eastern coast of the
Dead Sea get their salts, most probably, from the con-
tact with the interface of the Dead Sea water. Thus
fresh water may be tapped more to the west, nearer to
the ground water divide. This means deep wells and
pumping from great depth, which implies non-con-
ventional methods of drilling and pumping. 

38.5.1.3 The Coastal Plain Aquifer of the 
Quaternary Age 

The third aquifer of importance is the Coastal Plain
aquifer. It is built of permeable sandstone rocks. With
inter-bedding layers of semi-permeable loam to imper-
meable clay in-between the sandstone layers, dividing
them into sub-aquifers. This subdivision is especially
developed in the western part of the coastal plain,
where one borehole may go through a few separate
sub-aquifers, each having a different head and some-
times also different quality. Due to this separation the
infiltration from the rain falling on the sandstone lay-
ers in the western part, as well as polluting solutes, af-
fects only the upper most sub-aquifer. In this part of
the Coastal Plain, all along the coast, there are areas
in which; due to overpumping and decline of the
groundwater table, there is a penetration of the sea in-
terface. This, however, is differentiated according to
the position of the hydraulic head in each sub aquifer.
The separating layers disappear a few kilometers away
from the shoreline towards the east, and the sub aqui-
fers merge together to form one phreatic system. This
causes the water table of the aquifer to be directly fed
by the water infiltrating into the subsurface. In general
terms one can say that in the central and eastern part
of the Coastal Plain the aquifer is one unit, being sub-
divided only by semi-permeable loams, which retard
but do not confine vertical flow. Moreover, these lay-
ers, due to their clay content, may act, as filters by ab-
sorbing pollutants, like heavy metals. 

Generally, the ground water flow in the Coastal
Plain aquifer is from east to west (from the recharge
area on land toward the outlet which is the sea), ex-
cept in areas of over-pumping, where the massive low-
ering of the water table has produced cones of de-
pression. In these areas the flow is directed towards
the ‘sinks’. 

On the whole the thickest part of the aquifer
(about 150 m) is along the seashore. Towards the east
the aquifer thins out to a few tens of meters. As men-
tioned already, the Coastal Plain aquifer is recharged
by rain falling on its surface and to some extent by
floods coming from the mountains. It is also fed by
return flow from irrigation and leakage from the sew-
age systems. The annual average natural recharge in-
cluding the flow from the east, calculated by the Hy-
drological Service of Israel for the year 1998/9
reached 155 MCM, about 60 MCM is recharged annu-
ally due to infiltration from irrigation and about 110
MCM was recharged artificially. In total about 505
MCM, were pumped out annually. About 27 MCM
flowed to the sea (Hydrological Survey of Israel 1999). 
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The average salinity of the water in this aquifer in
Israel has risen from 100 mg/l Cl during the thirties
to 200 at present and is rising 2.4 mg/l annually. This
is mainly due to backflow from irrigation and re-
charge by reclaimed sewage. Nitrates increased from
an average of 10 mg/liter in the 1930’s to about 60
mg/liter at present. It is rising at the annual rate of 0.5
mg/liter. In the part of the Coastal Plain underlying
Gaza, the situation is even worse, and approximately
44 per cent of the wells show nitrate concentrations
higher than 90 mg/liter (Melloul/Collin 1994).

38.5.1.4 The Aquifers under the Negev 

Three main aquifers containing fresh to brackish
water underlie the Negev Desert.

a.) The Nubian Sandstone (N.S) aquifer, belonging to
the Kurnub Group, of the Lower Cretaceous Age.
The average thickness is about 250 meters. The
salinity varies between 800 to 2000 mg/liter Cl.
The water is fossil; age range is around 20,000
years

b.) The limestone-dolomite aquifer belonging to the
Judean Group of Cenomanian-Turonian age. Its
average thickness about 500 m. Salinities range
from 500 to 2,000 mg/l Cl. The water is mainly
fossil; its age range is around 10,000 years.

c.) The alluvial aquifer of the Rift Valley. Its thickness
varies from a few tens to a few hundred m. Re-
charge is contemporary. Salinities are mostly low.
This aquifer is not within the scope of the current
research.

In general it can be said that the first two aquifers are
part of a regional aquifer extending below the Sinai
Desert. The general direction of the flow is from the
outcrops bordering the igneous block of southern
Sinai towards the Suez Gulf in the west and the Rift
Valley and Dead Sea in the east. Recharge takes place
on the outcrops extending along the crests of the anti-
clines and the erosion sinks exposing these rocks. In
the areas surrounding these anticlines local groundwa-
ter mounds are formed in which water is younger and
less saline. However, the quantities of contemporary
recharge are negligible in comparison with the gen-
eral quantity of fossil water stored in the aquifers. 

Research carried out by the author and his col-
leagues has shown that the fossil water aquifers under
the Negev can be regarded as a regional resource,
containing a volume of water able to last for centu-
ries, even when quantities in the order of magnitude
of 300 million m3 are planned to be pumped annually.

38.6 Future Plans for Water 
Development

It is obvious to all the authorities concerned with the
future development and management of the water re-
sources of Israel that the potential for the develop-
ment of new natural water resources is negligible and
the answer for future demand for household con-
sumption will come from desalination of brackish and
seawater, while the supply to answer part of the de-
mand for agriculture will come from reclaimed sew-
age. In the Negev the development of the fossil water
aquifers, as well as reclaimed sewage will gurantee fu-
ture supply. In 1994 about 365 MCM of sewage water
was produced in Israel, of which about 309 MCM was
treated. From this about 254 MCM have been used.
About 136 MCM have been treated to the level al-
lowed for irrigation and was used directly (Klein
1999). The rest was partly recharged into the Coastal
Plain aquifer and part flowed into the sea. According
to the Hydrological Survey (1999) the quantity of re-
claimed sewage recharged into the Coastal Plain aqui-
fer in 1997/8, was 110 MCM. Needless to say that this
has affected the quality of water in this aquifer. The
plan for future development of reclaimed sewage pre-
pared by Tahal in 1997 for the Water Commissioner,
forecasts that in the year 2020 about 593 MCM will
be available, from which 494 MCM will be directly
used to answer part of the agricultural demand. The
rest will be recharged or used for recreation sites,
such as keeping the flow of rivers etc. According to
the estimates of the former Water Commissioner of
Israel, Eng. Shimon Tal, the quantity of sewage, which
has to be reclaimed by the year 2020 must reach 830
MCM. The rest of the yearly demand by agriculture
amounting to 530 MCM will come from natural re-
sources (Tal 2001). 

Below additional solutions for the water problems
of Israel and Palestine will be offered. Needless to say,
the execution of these ideas will have to be done stage
by stage, parallel to progress in the peace process. Yet,
it is important to proceed with the preparation of a
master plan based on new ideas and concepts in the
first place in order to eliminate unnecessary obstacles
to the peace talks, and in the second place to give ne-
gotiators new ways of thought.

This optimistic attitude is supported, in some way,
by a survey of the history of the development of the
water resources of Israel. This survey shows that from
time to time experts expressed the opinion that the
limited water resources of this area will not be suffi-
cient to supply a new modern agricultural and indus-
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trial society. The innovations in all that concerns
methods of water development and use, introduced
by water engineers, hydro-geologists and agronomists
have already falsified this prophecy. 

38.6.1 Development of a New Long-term 
Storage Reservoir for Israel and 
Palestine in the Coastal Plain Aquifer

According to Tal (2001) annual agricultural water de-
mand by the year 2020, in Israel will reach 1350 MCM
(Tal op. cit.). The future agricultural demand by the
Palestinians may reach 415 MCM (Alatout 2000).
Thus in the year 2020 the total Palestinian and Israeli
demand for agriculture may reach 1,770 MCM. Tak-
ing into account that part of it will come from re-
claimed sewage water, which when fully exploited in
both countries may reach 830 MCM/Y, and that an
annual amount of about 530 MCM can be supplied
from natural resources (Tal 2001), there will still re-
main an unsatisfied annual demand of about 400 mil-
lion MCM for agriculture. All this is said when no ma-
jor deterioration of the climate is projected. Once a
pessimistic forecast is adopted, the fall in the natural
supply may amount to 25 per cent of the present aver-
age amount. This will bring the deficit for agricultural
demand to 500 MCM/year. 

Taking this figure into consideration, it seems to
be obvious that water supply from natural resources
for irrigation will have to be reduced drastically by the
year 2020 (and even totally cut during spells of dry
years) and a major part of the urban demand of the
Israeli and Palestinian population will have to be met
by the desalination of brackish and of seawater. At the
same time the increased demand for agriculture will
be mainly by the Palestinian population, and for this
purpose the use of reclaimed sewage will increase.
Considering these general assumptions, the two main
problems to be dealt with are:

1. The storage of surplus of water during years when
precipitation will be above the average.

2. The storage of reclaimed sewage in general and in
particular during the winter months, when supply
exceeds the seasonal demand for irrigation. 

Examining the various aquifers from the point of view
of storage, it seems clear that the greatest potential for
further augmentation of storage is in the Coastal Plain.
This is due to the fact that the sandstone layers from
which this aquifer is built have a high storativity coeffi-
cient (average 10 %), due to their high porosity. At the
same time the velocity of flow in the sandstones is rel-

atively low due to low permeability coefficient (K =
1 m/d). On the other hand the high permeability of
the limestone aquifer (K=100 m/d) causes water re-
charged to flow to the outlets in a rather short time.
Another fact, which has to be taken into consideration
is that in the eastern part of the Coastal Plain a large
volume of the aquiferous layers is unsaturated, and can
be recharged artificially providing additional storage. 

The shifting of the recharge and storage areas to
the east is a prerequisite in order to meet the future re-
quirements for storage, which should reach about five
times more than that of the present. Today this is car-
ried out in a region densely populated and as the de-
mand and cost of land is increasing. Moreover the lo-
cation of the present subsurface storage field of the
treated sewage of the central Coastal Plain (the Shaf-
dan) is at a rather small distance from the sea. This is
an area underlain by confining layers, which limits the
inflow of the recharged water to the deeper aquifer and
thus causes water to flow to the sea. If the proximity to
the sea remains, these losses will become even more
pronounced once the quantity stored is increased. 

These are the basic assumptions, concerning desal-
ination and agricultural use. They, as well as the hydr-
ogeological characteristics of the Coastal Plain, must
be taken into account in planning for the storage of re-
claimed sewage and floodwater. Once Israel and the
Palestinian Authorities collaborate, they will jointly be
able to close the gap between supply and demand.

In the first place the Coastal Plain aquifer will have
to become the joint storage for Israel and the Palestin-
ian Authority. Once the recharge of reclaimed sewage
and storage areas have shifted from the western part
of the region to its eastern part it will also be possible
to recharge and store the floodwater coming from the
Palestinian territory. At the same time Israel will have
to plan anew its recharge areas for its reclaimed sew-
age and floodwater. Due to paleo-environmental con-
ditions, which existed during the Quaternary period,
all the riverbeds, which cross the Coastal Plain are un-
derlain by thick layers of clay. Moreover, adequate nat-
ural sites for storage dams are very rare in the central
and western parts of the Coastal Plain. These condi-
tions dictate that the best places for storage and later
gradual recharge of the floods are in the eastern parts
of this region, close to the foothills.

As part of the new cooperative planning, storage
in the part of the Coastal Plain underlying the Gaza
Strip should follow a similar policy. This will enable
the recovery of the over-pumped aquifer below the
Gaza Strip. This can only be done once the gap
between supply and demand in this region will be sup-
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plied from Israel and local desalination projects. On
the whole the total quantity of water recharged annu-
ally to the Coastal Plain aquifer would be of the order
of magnitude of 600 MCM. The quality of this water
supply would be as follows: 

1. One-third recharged from precipitation, infiltra-
tion from urban runoff and returning irrigation
water would contain about 300 mg/liter Cl.

2.  Another third, coming from the winter flow of
the Jordan River, diverted above the Sea of Galilee
to the Israeli National Carrier would contain
about 100 mg/liter Cl. 

3. One-third will come from reclaimed wastewater,
would contain an average of 400 mg/liter Cl. 

4. An additional quantity, not yet estimated, will be
from the desalination plants during periods of low
demand. 

All this would eventually combine to give an average
water quality of about 250–270 mg/liter Cl. This con-
ceptual model of the coastal aquifer as the main long-
term storage aquifer is an example of a new way of
thought on a regional plan for Israel and the Palestin-
ian Authority.

38.6.2 Diversion Projects of the Jordan and 
Yarmouk Rivers

As mentioned this plan takes into consideration the
diverting of part of the flow of the Jordan River above
the Sea of Galilee, at about 100 meters above sea level
(the original plan for the National Water Carrier).
This will enable the use the Sea of Galilee as a storage
for the Yarmouk River floodwater instead. This would
also help Jordan store water for its Jordan Valley agri-
culture without the need of a big dam on the Yar-
mouk River. Currently, the Jordan flow is stored in
the Sea of Galilee, 200 meters below sea level, from
which it is later lifted and distributed through the Na-
tional Water Carrier to areas extending mainly over re-
gions averaging an altitude of 150 meters above sea
level. Pumping thus requires about 12 per cent of total
Israel’s electricity production and raises the average
cost of water in Israel to 0.30 US $ per cubic meter
(Lonergan/Brooks 1994).

38.6.3 Changing the Regime of Flow of the 
Mountain Aquifer

Once the role of the Coastal Plain aquifer is recog-
nized as a storage reservoir for a regional water supply
of low-grade water the limestone aquifer of central Is-

rael will remain the main supply of water of drinking
quality. This will require close cooperation between Is-
rael and Palestine. Cooperative efforts will enable the
two parties to capture the water from the eastern sub-
surface drainage basin of the mountain aquifer about
100 million cubic meters per year, which flows to the
Rift Valley to emerge as brackish or saline springs.

38.6.4 Development of New Recharge 
Techniques

A series of problems related to the more technical as-
pects of recharge calls for interdisciplinary brain-
storming, where geologists, environmentalists, water
engineers, and economists try to devise solutions for
inventing new recharge methods, and locating new re-
charge areas in a region with a very high population
density. A special emphasis must be put on the recla-
mation and storage of water from built up and paved
urban areas. This can be achieved either by the devel-
opment of porous concrete and asphalt or by devices
of collection of urban runoff and its recharge.

38.6.5 Utilization of one Time Reserve from 
Fossil Aquifers

Several studies by this author (Issar/Bein/Michaeli
1972; Nativ/Bachmat/Issar 1988, Tzur/Park/Issar 1989,
Issar 1994) have shown that a few hundred million cu-
bic meters per year may be pumped out from the Nu-
bian Sandstone aquifers underlying the Negev and Si-
nai. This pumping is guaranteed for at least the
coming century. The actual quantity and duration
would be a function of the management policies and
various economic factors. In principal, however, such
a project is technically feasible, and the water is of ad-
equate quality. Although this water source is not re-
plenishable, it may be regarded as any other non-re-
plenishable resource (e.g. oil, coal, and iron ore). In
other words, the evaluation of whether or not to use
it should be based on economic considerations. 

38.6.6 Importing Water from Turkey 

Turkey has proposed a mega-project of transporting
water from the eastern Mediterranean coastal area of
Turkey to Syria, Jordan, Saudi Arabia, and the Gulf
Emirates in the past. The Turkish plan includes two
pipelines. The western line would extend 2,800 kilom-
eters and pump 1,300 million cubic meters per year to
Syria, Jordan, and Western Saudi Arabia. The eastern
line would cover 4,000 kilometers en route to the Per-
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sian Gulf, through Kuwait, Eastern Saudi Arabia, Bah-
rain, and Qatar. An alternative pipeline has also been
proposed (unofficially) to supply water to Syria, Jordan
and the West Bank, its capacity being 730 million cubic
meters per year (Lonergan/Brooks 1994).

While the problem of water scarcity of Syria is
more that of transport from one part to the other, the
problems of Jordan, Palestine, Israel and especially
Egypt are much more crucial than that of the Arabian
Peninsula. The most crucial problem is that of the fast
growing population of Egypt where the demand for
food supply may pose a severe economic crisis in this
country if no special measures are taken to boost its
available water supply. Thus an alternative plan to that
mentioned above should aim to avoid this catastrophe
and at the same time solve the long-term problems of
water shortage in Israel, Palestine and Jordan. This
plan, in view of the forecasts of global climate change,
is a ‘win or win’ project. This because the warming of
the oceans may bring a strengthening of the mon-
soons, which would in turn cause during some years a
surplus of water in the Nile River exceeding the ca-
pacity of the Aswan dam. Yet, this is still only a hy-
pothesis. Thus, when the likely water shortage deve-
lops in Egypt, a Turkish project may bring water from
north (Turkey) to south (Egypt), but if there is an
abundance of water in the south, a Nile-based project
may work in the opposite direction.  
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Abstract

It is of high actual importance to clarify historic climate variations and their impact, be-
cause it is not possible to predict future developments and their drivers, unless those of
the past are understood. The Decapolis area in northern Jordan provides excellent oppor-
tunities to analyze this question. Environmental change as a result either or of human acti-
vities or of climate variation could have been responsible for the abandonment of the area
by Arab farmers in medieval times. Recent studies let the climatic changes are the more
likely reason. There are several arguments for this conclusion: Climatic models match very
well to the historical development. The Arab farmers were also highly skilled. Our investi-
gations revealed a very heterogeneous land use and soil development pattern, and found
no evidence for a sudden, widespread general erosion event. In contrast, relic surfaces and
the soil’s genesis point to moister conditions in the past and differences in the soil's devel-
opment point to diverse land use intensities. Though it is evident that land use changed
the character of the landscape and can be tracked according to soil development, it did
not lead to advancement of the desert. It therefore seems that desertification is related to
climate change.

Keywords: Climate change, historic land use, impact of global warming, settlement his-
tory, soil erosion, soil properties.
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39.1 Introduction

Global warming is feared to lead to climate change,
water shortage and advancing desertification. How-
ever, it is still discussed whether global warming really
takes place, whether it is caused by CO2 emissions,
destruction of rainforests or natural factors which are
not related to human activities, and it is not yet deter-
mined how the exact consequences of global warming
may look like (Berner/Streif 2000).

Ways to a better understanding of climate are in-
vestigations of past changes. Human influence is sup-
posed to be minimal before industrialization, while
the global atmospheric air circulation is believed to be
stable since the last Ice Age (Hare 1961). Nevertheless,
investigations in past climates found fluctuations dur-
ing the Holocene (Butzer 1961; Nützel 1975, 1976). As
the methodical approaches were greatly improved in
recent years, research increasingly focused on shorter
time intervals and historic periods (Bar-Matthews/
Ayalon/Kaufmann 1998; Issar 1992, 1998, 2003;
Frumkin/Stein, 2003; Bookman/Enzel/Agnon/Stein
2004). But it was so far not possible to evaluate the
exact impact of the discovered variations or to under-
stand their reasons.

The settlement history of the Near East shows pe-
riods of abandonment, which seem to be related to
these climate fluctuations. A rainfall calculation from
Soreq Cave (Bar-Matthews/Ayalon/Kaufmann 1998)
found decreasing precipitation to about 50 mm dur-
ing short periods (100 years) which matches the de-
sertion of sites (Lucke/Schmidt/al-Saad/Bens/Hüttl
2005). However, it neither proves causality nor im-
plies the reasons or the exact impact of lowered pre-
cipitation. It is possible that the rainfall reductions led
to an advance of the desert, reducing agricultural po-
tentials and forcing the abandonment of sites. But it
has to be clarified whether a reduction of 50 mm is
enough to let the desert advance. It is connected with
the question of whether the rainfall pattern changed
as well. The latter is most important for agriculture
(Seth 1978; Lanzendörfer 1985). Additionally, it is also
possible that land use was too intensive and caused
desertification. Land use has an effect on climate, too,
and the activities of early man may have contributed
to the rainfall variations (Claussen 2003; Claussen/
Claussen/Brovkin/Ganopolski/Kubatzki/Pethoukov
2003).

To cope with possible negative developments
caused by global warming, it is important to better un-
derstand the past. To achieve this goal, contributions
can be made by soil science, archaeology and evalua-

tion of land use. Soils are like a memory which stores
changes of the environment and allows for a recon-
struction of past landscapes and climate conditions
(Bäumler 2001a, 2001b; Bäumler/Bäumler/Ni/
Petrov/Lemzin/Zech 2002). In combination with ar-
chaeology, soil examinations can describe this
(Lucke/Schmidt/al-Saad/Bens/Hüttl 2005). If the his-
toric land use is evaluated, impacts of climate varia-
tions and a possible effect of land use change on local
climate can be assessed.

39.1.1 The Decapolis Region

The Decapolis region in Northern Jordan and Israel is
an excellent place for research on the relationship of
settlement history, land use and climate (figure 39.1).
It is situated close to the desert, which causes strong
variations of rainfalls; while the settlement history is
fairly well known and past climate data are available
as well for the Near East. In antiquity, numerous cities
flourished in the Decapolis region. Most sites were
settled in the Early Bronze Age. During the Roman,
Byzantine and Umayyad periods, the cities grew con-
siderably and many monumental buildings were con-
structed, demonstrating great wealth of the inhabit-
ants – but during the Abbasid period, the region
suffered a sharp decline and the cities were aban-
doned (Hoffmann/Kerner 2002). Apart from a minor
resettlement during the Ayyubid-Mamluk time, no cit-
ies were present in the Decapolis region after that and
the area was characterized by villages and nomadic
tribes until the end of World War II (Walmsley 1992,
1997).

The region includes several landscapes: The Jor-
dan valley is characterized by hot and dry climate, but
numerous springs and the Jordan River make inten-
sive irrigation possible. The heavily dissected high-
lands further east allow for limited irrigation, as per-
ennial streams are scarce and many valleys deep and
narrow. The plateau, however, receives sufficient rain-
fall for intensive agriculture. Further east, the high-
lands merge with the desert and precipitation varia-
tions increase. Despite the heterogeneous landscape,
the region was a political unit and the sites experi-
enced a similar historic development.

Several authors have suggested climate changes to
be responsible for the abandonment of the region
(Huntington 1911, 1915; Issar 1990, 1998; al-Shorman,
2002). Other authors believe that land use became
too intensive inducing desertification and desertion
(Lowdermilk 1944; Butzer 1961), or that political and
economic power shifted away from the area and
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caused decay (Walmsley 1992, 1997). Moreover, an
earthquake in 747/748 A. D. was also considered to
have been responsible for the abandonment of the re-
gion (Hoffmann/Kerner 2002). 

39.1.2 The Investigation Area

Our goal is to achieve a better understanding of his-
toric land use, to clarify whether abandonment hap-
pened after an over-exploitation of resources, because
of climate change. To include different landscape
types, research was carried out at the site of Abila, ca.
16 km north of the modern city of Irbid, and in the
Wadi el-Arab, close to the modern town of Umm
Queis (figure 39.1).

The Abila site is situated 16 km north of the city of
Irbid and 5 km south of the Yarmouk River which
marks the border to Syria. The site was chosen be-
cause it is situated on the level eastern plateaus and
because of a low rate of disturbances from building
activities. The highland around Abila gives the impres-
sion of a vast, gently undulating plain of red soils, dis-
sected by several wadis with steep slopes. The wadis
were cut deeply into the soft rock, predominantly dry
during the summer and to deep and narrow to be
used by agriculture to a significant extent. Many wadi
slopes are steep with angles of 40–80 degrees and
nearly bare of vegetation, while a grey and white sub-
stratum, mixed with gravel and stone, is present in the

valley's bed. Essentially all wadis are very narrow, al-
lowing cultivation only at limited places where the val-
ley floors widen. There, usually unirrigated orchards
are grown. These are supplied with abundant water
during floods after winter rains. The spring water of a
once-perennial stream in one of the wadis at the site
of Abila is pumped for the supply of nearby villages,
leaving the wadi dry in summer. In contrast, the pla-
teaus are under intense cultivation. Due to gentle
slope degrees, there are no terraces. Except for large
olive tree plantations, no other trees or forests are
present. On the fields, rain-fed cereals and vegetables
are grown.

The Wadis el-Arab and Umm Queis lie further
west where the plateaus are more heavily dissected
and start to descend to the Jordan Valley. In the Wadi
el-Arab, the perennial stream dried out as pumping of
the springs started approximately 20 years ago for the
supply of the modern city of Irbid. The Wadi was
dammed and is now partially covered by a lake, which
also provides drinking water for Irbid. The valley’s
southern slopes are quite gentle and intensively used
for agriculture. In comparison, the northern slopes
are very steep and do not allow for agricultural land
use, but the plateau north of the wadi, close to the an-
cient city of Gadara (today Umm Queis), provides one
of the most fertile soils of Jordan (Lucke/Schmidt/al-
Saad, Bäumler/Lorenz/Udluft/Heusser/Walker 2007).

39.2 Methods

Soil samples were collected both from the vicinity and
from the debris in the ruined sites of Abila and Tell
Zera’a. In the vicinity, profiles were opened up in the
bedrock to clarify the development process of soils
and to get the in situ parent material. To assess the
influence of cultivation, culture material was collected
with the soil samples which gave clues to the intensity
and periods of historic land use. To evaluate the land
use, air photos and maps were examined for relict
structures and land use changes. The present agricul-
ture was investigated using data from the Ministry of
Agriculture of Jordan and by interviewing farmers.

For collection of the soil samples, small plastic
containers were filled with soil material from a 5 cm
thick stripe in the middle of a defined layer/horizon.
On the plateaus and in the wadis, pits were dug and
the samples collected from freshly opened profiles. In
existing excavation trenches, the top 5 cm of substrate
were removed to exclude influence from material
washed down from above. As it was occasionally im-

Figure 39.1: Location of the Decapolis region (big box)
investigation area (small box).
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possible to determine the exact depth in the excava-
tion trenches, the sampling layers were numbered and
their thickness was measured. Determining the cor-
rect depth of an excavation trench is sometimes diffi-
cult due to the excavation practice of not digging one
hole, but rather several with different depths. The
samples were analyzed for texture, pH value, as well
as for nitrogen, calcium, carbonate, sulphur and phos-
phorus content. The phosphorus content was ana-
lyzed in those soil samples for which an agricultural
land use seemed likely. The agricultural test areas
were examined after heavy rains, the water content
was also analyzed by weighing the samples before and
after 72 hours of drying at 105 °C. The pH value was
measured potentiometrically with a glass electrode in
distilled water at a soil: solution ratio of 1 :2.5. The cal-
cium content was determined using a Scheibler-Appa-
ratus according to Schlichting and Stahr (1995), while
the content of carbon (C), nitrogen (N) and sulphur
(S) was measured with the elemental analysis appara-
tus Vario El. For analysis of the phosphorus (P) con-
tent, the samples experienced pressure decomposi-
tion according to Loftfield (Bock 1972), allowing
photometric measurement with the molybden-blue
method according to Murphey and Riley (Schlicht-
ing/Stahr 1995). The texture was determined using
wet sieving according to DIN 19683, while the smaller
particles were measured with a laser diffraction device
(HRLD Mode Sympatec) according to ISO 13320. Be-
fore sieving, the samples were treated with abundant
hydrochloric acid (HCl) to eliminate carbonates. The
hydrochloric acid was evaporated again and the sam-
ples were dispersed with natriumpyrophosphate solu-
tion (Na4P2O4) to eliminate binding matter. Before
measuring with the laser diffraction device, the sam-
ples were additionally pretreated by 60 seconds of ul-
trasonic to destroy any agglomerations.

39.3 Results and Discussion

39.3.1 Land Use

As Lucke/Schmidt/al-Saad/Bäumler/Lorenz/Udluft/
Heusser/Walker (2007) found, present land use in
Jordan is quite similar to historic land use and has sim-
ilar problems. Crops are highly dependent on rainfall
patterns. Therefore, farmers usually decide after the
first rainfalls which crops to sow (Lanzendörfer 1985).
If there are no well-distributed rains at the beginning
of the rainy season a hard drought crust is likely to
form in the summer heat, impeding germination of

most crop seeds. Additionally, the harvest is endan-
gered if the growing season has no late rains. As well,
excessive rains are reported to be a disadvantage,
since the soils get elastic and hence make the field
work difficult (Lucke/Schmidt/al-Saad/Bens/Hüttl
2005). Agriculture on the plateaus is fully dependent
on rainfall, as there are no other water sources than
cisterns, and irrigation is very difficult even today.
While on the one hand the dependency on winter
rains prevents salinization, on the other hand shallow
soils rich in calcium carbonate are very vulnerable to
drought.

39.3.2 Soils

Our research at Abila revealed strong variations of soil
depth in the area, although the highland looks like a
vast, homogeneous plain. While the evaluation of air
photos gave no clues for it, soil and rock openings
along streets and our own diggings on the fields re-
vealed a strong variation of the soil’s depth. It varied
between 30 cm to 3 m. These differences seem par-
tially to be related to the relief, but could also be ob-
served on the same terrain units. Reifenberg (1947) as-
sumed that these differences are caused by different
weathering behavior of the source rocks. Although
chemical analyses of the bedrock have not yet been
carried out, this explanation seems not very probable,
as the observed differences in soil development are
too big to be solely explained by different weathering
behavior of the parent material. At Abila, soils are de-
rived from the B.1 unit of the Belqua limestone group
(Bender 1974). Yaalon and Ganor (1973) postulated
that soil development in Israel and neighboring coun-
tries is influenced by aeolian deposited during rain-
storms. Although the extent of aeolian deposits is still
discussed, it can be concluded that the differences in
soil development at Abila would be even more dis-
tinct, if part of the parent material is derived from ae-
olian input, as the level highland around the site
should have received the same amount of aeolian de-
posits. Thus, the observed differences in soil develop-
ment may largely come from land use.  

Walking over the fields close to Abila, the soil
color varies slightly at many places according to field
borders. To examine this observation, samples were
collected from two neighboring pits which were dug
in a distance of approximately 200 m (fields 1A and
2A). The sampling plot on field 2A was characterized
by enrichment of nutrients, very high calcium content
and stronger weathering of bedrock (table 39.2). Dif-
ferences due to the parent rock or relief can be ex-
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cluded for both sampling plots. Both field 1A and 2A
revealed many ancient sherds, mostly from the Late
Roman and Byzantine-Umayyad period. On field 2A a
cistern was constructed in antiquitiy. Ayyubid-Mamluk
herds are reported from there by Fuller (1985), indicat-
ing a medieval farmstead which fits well to the more
intensive weathering and nutrient enrichment of the
soil of field 2A.

The soil in the debris of the ruins of Abila was
investigated for comparison with the relict soils (plot
11R, table 39.3). Here, we found a relict surface devel-
oped out of Early Bronze Age debris and remains of
mudbrick stones which were preserved in a burrow.
They were quickly covered with sediments and thus

conserved while remains of the city walls prevented
erosion.

The red soils on the plateaus can be described as
degraded Terrae rossae (Rhodochromic Cambisols).
As the weathering of calcareous rocks produces mini-
mal residuals, the development of a Terra Rossa
(Rhodochromic Cambisol) occurs very slowly. The
red color usually arises due to the clay mineral of hae-
matite, which emerges after long and intensive
weathering processes of the silicates (Horowitz 1979).
Therefore Terrae Rossae are in general counted as old
soils, dating from the Tertiary or the Pluvials of the
Ice Ages (Horowitz 1979; Scheffer/Schachtschabel,
1998). A relic surface under Basalt, close to the village
of Amrawah, indicated that the soils reached depths up

Table 39.1: Soil Properties of Sampling Place 1A. The sand- and silt-fractions are shown in total and divided in coarse,
medium and fine material. The carbon content represents the total carbon (Ct). Source: Based on: Lucke,
Schmidt, al-Saad, Bens, and Hüttl (2005).

Sample 
depth No.

H2O 
[%]

pH
Ca 
[%]

Ct 
[%]

N 
[%]

S 
[%]

P 
[mg/g]

Gravel 
[%]

Comment

5cm A1 14,4 7,7 22,5 1,7 0,06 0,03 0,94 1,2 ploughed

15cm A2 8,5 7,9 20 3,5 0,11 0,04 0,92 17,2 crust

25cm A3 8,1 7,8 25 4 0,10 0,03 0,73 57,4

40cm A4 29,2 7,9 21 3,6 0,11 0,03 0,75 15,9

Sample 
depth

No. Sand [%]
Silt 
[%]

Clay 
[%]

Coarse 
Sand [%]

Medium 
Sand [%]

Fine Sand 
[%]

Coarse 
Silt [%]

Medium 
Silt [%]

Fine Silt 
[%]

5cm A1 4 89 7 0,4 0,5 3,1 38 32 19

15cm A2 4 90 6 0,3 0,2 3,5 48 28 14

25cm A3 10 84 6 0 0,7 9,3 43 27 14

40cm A4 5 90 5 0,3 0,2 4,5 40 33 17

Table 39.2: Soil properties of sampling place 2A. Source: Modified and based on: Lucke, Schmidt, al-Saad, Bens and
Hüttl (2005).

Sample 
depth No.

H2O 
[%]

pH
Ca 
[%]

Ct 
[%]

N 
[%]

S 
[%]

P 
[mg/g]

Gravel 
[%]

Comment

5cm A5 9,2 7,9 45,9 6,6 0,16 0,04 1,35 21,4 ploughed

15cm A6 5,3 7,9 40,3 6,3 0,13 0,04 1,18 46,6 crust

25cm A7 6,6 7,9 47,3 6,4 0,13 0,04 1,29 4,5

40cm A8 7,5 7,9 47,4 6,3 0,10 0,03 1,29 3,2

Sample 
depth

No. Sand [%]
Silt 
[%]

Clay 
[%]

Coarse 
Sand [%]

Medium 
Sand [%]

Fine Sand 
[%]

Coarse 
Silt [%]

Medium 
Silt [%]

Fine Silt 
[%]

5cm A5 2 91 7 0,5 0,4 1,1 30 40 21

15cm A6 2 91 7 0 1 1 37 37 17

25cm A7 2 93 5 0 0,4 1,6 41 36 16

40cm A8 2 92 6 0 0,8 1,2 48 31 13
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to 3 m before cultivation started (Lucke/Schmidt/al-
Saad/Bäumler/Lorenz/Udluft/Heusser/Walker 2007).
It can be concluded that a considerable amount of
soil has been lost since cultivation of the fields which
are now around 60 cm deep, as most soils at Abila.
No tracks of intensive mismanagement forcing the
abandonment of the site could be detected. Today ag-
riculture is applied on this ancient land surface
(Horowitz 1979; Lanzendörfer 1985). This matches the
natural reforestation observed by travelers in the 19th

century (Seetzen 1854; Schumacher 1890) and is in dis-
agreement with Lowdermilk's (1944) theory of insuffi-
cient land use. He assumed that Arab mismanage-
ment produced barren lands and malaria-infested
swamps in the wadis. Newer historical investigations
also mediate against the theory of insufficient land
use, because they could show that Islamic Conquerors
were not uncultivated Bedouins, destroying the agri-
cultural systems, but highly developed agriculturists
(Waston 1981). The similarity of the relict substrates of
Tell Abil to the present agricultural surfaces indicates
that soils were probably already eroded in the Bronze
Age, as the inhabitants usually used local mudbrick for
the construction of their houses. Re-weathering of
source rock or aeolian deposition prevented the land-
scape from changing into barren rock. The relict surface

in the animal’s cave on the other hand points to more
intensive weathering in the Bronze Age, as present de-
bris surfaces did not develop the red colors (Lucke/
Schmidt/al-Saad/Bäumler/Lorenz/Udluft/Heusser/
Walker 2007) which matches the climate reconstruc-
tions of Butzer (1961) and Bar-Matthews (1998).

Investigation of the soil in the Wadi el-Arab around
the Tell Zera’a revealed a different picture (Lucke/
Schmidt/al-Saad/Bäumler/Lorenz/Udluft/Heussner/
Walker 2007). In the wadi, on the one hand deep red
soils are present, which are dissected by many erosion
gullies. On the other hand, a uniform greyish-white
substrate could be observed which extended down on
ridges from the top of surrounding slopes. These
greyish-white soils seem to be the typical marl soils
which Reifenberg (1947) described. Both the ridges
and the red soils in the depressions in-between are in-
tensively cultivated (figure 39.2). Construction of a
farm on one of the ridges revealed that the marl sub-
strate is deeper than 4 m, but it is difficult to draw a
distinction between the very soft parent material and
the soil. It is possible that these ridges are products of
weathering and land slides of the exposed rocks at
the wadi slopes. Although the soils on the depressions
of the wadi were crossed by many deep erosion gul-
lies, we assume that these material losses are replaced

Figure 39.2: Soil Properties of Sampling Location 11R. The samples were numbered and their thickness added, because
it was not possible to measure their exact depth. The trench is in total 7,50 m deep. The samples are listed
as they are positioned in the trench. Source: Modified and based on: Lucke (2002).

Sample/
Thickness

No. PH
Ca 
[%]

Ct 
[%]

N 
[%]

S 
[%]

P 
[mg/g]

Gravel 
[%]

Comment

11R 8 / 60 cm A46 8,5 64,4 7,8 0,08 0,04 5,86 12,4 surface today

11R 7 / 25 cm A47 8,3 39 5,1 0,08 0,03 5,59 4,9 brownish substr.

11R 6 / 1,75 m A48 8,4 39 5 0,07 0,06 5,13 6 grey debris

11R 3 / 15 cm A51 9,1 24 1,9 0,04 0,03 2,69 4,5 mudbrick stone

11R 2 / 5 cm A52 8,6 20 1,9 0,05 0,04 1,30 15,7 burrow

11R 1 / 2 m A53 8,6 53 7 0,08 0,06 6,38 13 grey debris

11R 0 / 30 cm A54 8,4 48,8 6 0,08 0,8 5,56 11 soil over bedrock

Sample/ 
Thickness

No.
Sand 
[%]

Silt
[%]

Clay 
[%]

Coarse 
Sand [%]

Medium 
Sand [%]

Fine 
Sand [%]

Coarse 
Silt [%]

Medium 
Silt [%]

Fine Silt 
[%]

11R 8 - 60 cm A46 3 87 10 0,2 1 1,8 12 42 33

11R 7 - 25 cm A47 8 83 9 0,5 2 5,5 29 31 23

11R 6 - 1,75cm A48 7 86 7 0,5 2,1 4,4 23 40 23 

11R 3 - 15 cm A51 12 82 6 0,2 0,2 11,6 39 27 16

11R 2 - 5 cm A52 15 79 6 6,7 0,3 8 40 26 13

11R 1 - 2 cm A53 6 86 8 0,5 1,8 3,7 25 38 23

11R 0 - 30 cm A54 8 84 8 0,6 1,6 5,8 23 38 23
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by sediments carried down from the ridges and pla-
teaus. Otherwise, they could not have maintained
depths of 2 m and more, while the level plateaus
around Abila carry soils of a depth of only 60 cm. As
the greyish wadi substratum has similar characteristics
as the greyish debris soil (table 39.3), we assume that
it represents slightly weathered products of the soft
limestones. In comparison, the red soils of the pla-
teaus and wadi depresssions must have experienced a
much longer and more intensive weathering process
to develop their color.

Comparing the soils on the plateaus, it is remarkable
that we found a depth of approximately 2 m on the pla-
teau close to Gadara/Umm Queis, while a very dense
coverage with material culture (mainly from the Roman
and Byzantine-Umayyad periods) indicated that land use
was not less intensive than close to Abila (Lucke/
Schmidt/al-Saad/Bäumler/Lorenz/Udluft/Heussner/
Walker 2007). Because of its depth, the soil close to
Gadara/Umm Queis is today one of the best in Jor-
dan. The difference in depth in comparison to Abila
may come from different bedrock, as basalt is present

at Gadara/Umm Queis, or from higher aeolian depo-
sition. This has to be investigated further, but speaks
also against the theory of catastrophic erosion as pro-
posed by Lowdermilk (1944). 

39.4 Conclusions

Agriculture in Jordan today strongly depends on rain-
fall, as the greater part of the cultivated area lies on
plateaus, where only rain-fed agriculture is possible.
The shallowness of soils and the high content of cal-
ciumcarbonate cause a high vulnerability to drought.
On the one hand, relict mudbrick stones preserved in
the debris at Tell Abil indicate that ancient soils
looked not much different from the present ones. On
the other hand, differences in soil development on
the same source rock within an identical relief posi-
tion, point to a strong impact of land use on soil gen-
esis. It is evident that land use changed the landscape,
as the observed differences of soil development can
only come into being after long periods of land use.

Figure 39.3: The Southern Slopes and Soil Characteristics of the Wadi el-Arab
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It further indicates that the theory of catastrophic ero-
sion after the Arab conquest has to be rejected. It
merely seems that the present character of the land-
scape does not differ much from the landscape
present during the abandonment of the Decapolis cit-
ies. A relict soil developed out of Early Bronze Age de-
bris points to increased precipitation during the
Bronze Age, which matches climate reconstructions.

According to Khresat and Rawajfh (1998) and
Khresat (2001), the soils of Jordan developed in a hu-
mid climate that shifted gradually towards more arid
conditions. According to Cordova (2000), the red
soils extended further east in antiquity than today.
Our results match these findings and indicate that
there was no sudden catastrophic erosion due to over-
exploitation of the land. According to Frumkin and
Stein (2003), periods of increasing aridity as during
the drying of lake Lisan at the end of the last glacial
period led to quick and strong soil erosion and degra-
dation. In this context, it seems possible that soil deg-
radation is more related to climate than to the activi-
ties of man, because the latter transformed the
landscape but did not produce barren lands.

If this proves true and if global warming leads to
increasing aridity in the Near East, it can be expected
that soil degradation will increase, even if counter-
measures are undertaken to combat desertification
and to promote a sustainable land use. Further losses
of soil will have a negative impact on groundwater
and vegetation, too. In this context, it seems most im-
portant to investigate the relationship of local climate
and land use. It might be possible that the intensive
historic land use, cutting down the forest, contributed
to the intensity and negative effect of climate varia-
tions (Seth 1978). To cope with the effects of global
warming, it might be more promising to focus on the
land use's influence in local climate than on soil pre-
servation measures. The latter may be doomed to fail
if soil degradation is inevitable due to changing cli-
mate conditions. 
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Abstract

Jordan is an arid to semi-arid country. Its population has has risen over the past few dec-
ades, which places an enormous pressure on water resources. Water resources in Jordan
consist primarily of surface and groundwater, while treated wastewater is being used on
an increasing scale for irrigation , mostly in the JordanValley. Over the past decades, the
government has developed surface water resource management schemes that included the
construction of dams and irrigation projects in the Jordan Valley. The future of the agri-
cultural sector in Jordan heavily depends on future plans for water resource management
to meet irrigation requirements. 

Due to Jordan’s increasing population and the social and economic development, the
amount of treated wastewater is increasing, which is considered an essential element in its
water strategy. By the year 2020, the volume of treated wastewater is estimated at 227
MCM/year and will constitute a significant portion of the total irrigation demand.
Demand management measures are important because they often have short payback peri-
ods and lead to reduced capital and operational costs for water supply and wastewater
treatment facilities. 

Keywords: Wastewater reuse/management, Jordan, water resources, treatment

40.1 Introduction

Jordan is a small country of about 89.4 km2 with a
coastline of 30 km along the Gulf of Aqaba. Towards
the end of 2001, Jordan’s population reached 5.18 mil-
lion with an official unemployment rate of 14 per cent
and unofficial estimate between 22 and 24 per cent.
According to government statistics, one third of the
population lives below the poverty line. According to
UNDP (2001), Jordan ranks 88th in the human
development index among 174 countries. The adult
literacy rate is 90 per cent, the human development
index is 0.741 compared to 0.677 in 1990.

40.2 Water Resources

Water resources in Jordan are characterized by scar-
city, variability and uncertainity. The high population
growth during the last twenty years has pushed its per
capita water availability below 198 m3/capita/ year.
This is far below the benchmark level of 1000 m3/cap-
ita/year often used as an indicator of water scarcity.
Below this level a country is experiences chronic wa-
ter scarcity on a scale sufficient to impede develop-
ment and harm human health.

Fresh water resources in Jordan are limited. The
government has identified three priorities for using
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this limited resource: for municipal use, tourism and
industry. This means that agriculture must rely in-
creasingly on treated wastewater. These priorities are
estimated to increase Jordan’s total water supply from
898 MCM in 1998 to 1,287 MCM in 2020 (table 40.1).
This increase in the total actual water supply would be
for municipal and industrial (M&I) use, which is ex-
pected to more than double from 275 MCM in 1998
to 660 MCM in 2020.

The deficit between supply and demand is estimated
to range between 186 and 360 MCM during the pe-
riod 1998–2020 (table 40.2). The deficit becomes
more crucial when considering that the estimated sup-
ply is based upon the assumption that all resources
are being developed and all water projects are being
implemented as planned, which may be unrealistic.
Thus, water availability for agriculture will face major
constraints.

Wastewater is being reused in irrigation. It is expected
to increase from 67 MCM in 1998 to 227 MCM in
2020. Re-use occurs mainly in the Jordan Valley for
exclusive irrigation purposes, with some reuse as sup-
plemental irrigation in the highland industry, land-
scaping and agriculture as well (table 40.3). 

The re-use of treated wastewater in agriculture is
associated with three environmental aspects: pollu-
tion of products, pollution of soil and ground water

resources. In addition, there is a concern about its
social acceptance. However, using treated wastewater
in agriculture will provide these benefits:

1. Increasing crop production;
2. Saving scarce fresh water resources for other high-

value uses; and
3. Minimizing fertilizers due to the high nutrient con-

tents of treated wastewater

Due to sanitary restrictions and social acceptance the
number of crops grown under irrigation using treated
wastewater could be limited. 

40.2.1 Surface Water

Surface water resources vary considerably from year
to year. The long-term average surface water flow is
estimated at 707 MCM/year, comprised of 451
MCM/year base flow, and 256 MCM/year flood
flow. Thereof only an estimated 473 MCM/year is us-
able or can be economically developed.

40.2.2 Groundwater

Groundwater resources amount to 54 per cent of the
water resources of Jordan. Twelve groundwater basins
have been identified, including two fossil aquifers: Al-
Disi and Al-Jafar. Some basins have more than one aq-
uifer. The annual safe yield of renewable groundwater
supply is estimated at 277 MCM. An additional 143
MCM per year is available from non-renewable fossil
aquifers that are sustainable for between 40 and 100
years.

40.2.3 Wastewater

In Jordan wastewater is an important water resource.
Due to the topography and the concentration of ur-
ban population above the Jordan Valley escarpment,
the majority of treated wastewater is discharged into

Table 40.1: Estimated Water Supply in Jordan (MCM/
Year). Source: World Bank

Year
Municipal and 

industrial supply
Agriculture

supply
Total estimated

supply

1998 275 623 898

2005 363 679 1042

2010 486 764 1250

2015 589 693 1283

2020 660 627 1287

Table 40.2: Estimated Water Supply and Requirements
(MCM/Year). Source: World Bank 

Year
Total

requirements
Total 

estimated supply
Deficit

1998 1205 898 -307

2005 1321 1042 -279

2010 1436 1250 -186

2015 1536 1283 -254

2020 1647 1287 -360

Table 40.3: Project Treated Wastewater Re-use in Jordan
(MCM/Year). Source: World Bank. 

Year
In the 

Jordan Rift Valley
In the

highlands
Total

1998 56 11 67

2005 65 41 106

2010 110 45 155

2015 123 74 197

2020 137 90 227
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various watercourses and flows downstream to the
Jordan Valley where it is used for irrigation. At
present about 52 per cent of the population, 75 per
cent of the urban population are served by sewage sys-
tems. By the year 2020, it is expected that the volume
of treated wastewater available will amount to 227
MCM/Yr and will constitute a significant portion of
the total irrigation demand and hence supplement the
demand for renewable groundwater resources. Thus,
treated wastewater is an essential element in Jordan’s
water strategy. Brackish aquifers are not yet fully ex-
plored but at least 50 MCM/year is expected to be ac-
cessible for urban use after desalination. The uneven
water distribution has resulted in three demand areas
with regard to water availability:

1. Available local water resources meet the demand;
2. Available local water resources exceed the de-

mand;
3. Available local water resources are insufficient to

meet the demand, and requires the transportation
of water from more than 100 km distance.

The nationwide demand has continuously exceeded
the nationwide supply of fresh water over the past few
years. This water deficit has been continuously on the
rise, and is anticipated to have the same trend in the
projected future, as shown in figure 40.1.

There has been a continuous increase in the annual
water demand, while the increase in the supply has
been much lower. Unless serious measures are taken,
the supply is anticipated to level out by the year 2020,
resulting in a continuous increase ing the water defi-
cit. The daily per capita share of water in Jordan is
one of the lowest, both according to world averages,
and the averages in neighboring countries (figure
40.2). Jordan shares some of its most important water
resources with its neighbors. These resources form a
large percentage of the presently exploited water re-

sources, on which the country depends. One of the
most important shared surface water resources is the
Jordan River system. Other important shared water re-
sources include the groundwater resources of north
Jordan (Azraq, Yarmouk and Amman Zarqa Basins),
where a large percentage of the natural recharge oc-
curs in Syria.

About 69 per cent of the water is used in agriculture
(for irrigation and livestock) while domestic and
industrial use account for 27 per cent and 4 per cent,
respectively. Table 40.4 summarizes the annual ‘irriga-
tion water’ demand, in relation to Jordan’s the various
water resources. The annual water demand for irriga-
tion purposes accounts for 45 per cent of the surface
water consumption, 45 per cent of the groundwater
consumption, and 10 per cent of the wastewater con-
sumption. Almost half of the surface and the ground-
water are allocated for meeting the irrigation demand.
Nearly 74 per cent of the surface water resources are
available from the Jordan Valley that are primarily
used for irrigation in the Valley. They account for 32
per cent of the total irrigation water demand, and
nearly 22 per cent of the total national water demand.
Given the agriculturally rich nature of the Jordan Val-
ley and keeping the rising water deficits in mind,

Figure 40.1: Water Supply and Demand Trends in Jordan
(1990-2020). 

Figure 40.2: Annual Water Daily Demand per Capita. 
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water management measures and practices must be
developed that will preserve water as a limited
resource and the Jordan Valley area as a main agricul-
tural area.

Because of its limited resources, water has become
the center of development targets and of government
efforts to utilize it in the most efficient and produc-
tive way. Measures were also taken to mitigate the
problems related to the permanent water shortages.
These include public awareness campaigns, rehabilita-
tion of existing networks and rationing of water sup-
plied for domestic and irrigation purposes. Careful
water use planning is required and should address va-
rious water rights. In line with government policy, pri-
ority must be given for reasonable domestic use, fol-
lowed by socio-economic development. Industry and
tourism. Water planning for agriculture needs to be
addresse separately. Despite the huge investment in
the water sector, a considerable water deficit will still
be facing Jordan. The water deficit for all uses is pro-
jected at 408 MCM/year in the year 2020. 

40.2.4 Irrigation Water Policy

The Irrigation Water Policy (MWI 1998b) was ap-
proved by the Council of Ministers in 1998 that ad-
dresses irrigation water including agricultural use, re-
source management, technology transfer, water
quality, and efficiency. But it does not deal with irri-
gated agriculture. Many provisions of this policy are
already implemented. Specific policy statements ad-
dress:

1. Sustainability of Irrigated Agriculture. Existing
areas shall be accorded the chances for sustainabil-
ity; protection of groundwater resources takes pri-
ority over sustainability of agriculture; coordina-
tion with Ministry of Agriculture;

2. Resource Development and Use (e.g., use of
wastewater; use of rainfall for crop production);

3. Technology Transfer, e.g. higher agricultural
yields; modern advanced irrigation technologies;
pressure pipelines; genetically engineered plant va-
rieties; 

4. Farm Water Management, e.g., night application
of irrigation water; automation of farm irrigation
networks; monitoring of soil moisture; crop water
requirements for micro-climatic zones; 

5. Irrigation Water Quality, e.g. monitoring of
sources, conveyances, and distribution network;
improving wastewater quality to allow unrestricted
irrigation; testing of soil Salinity; 

6. Management and Administration, e.g. JVA (Jor-
dan Valley Authority) is responsible for operation
and maintenance of irrigation facilities from
source (e.g., reservoir, river, spring) to farm gate;
use of piped irrigation networks; metering of wa-
ter at the farm turn-out; participatory irrigation
management; 

7. Water Pricing, e.g., irrigation water managed as an
economic commodity; water price to cover at least
operation and maintenance costs and as possible
capital costs; differential prices for different water
quality; 

8. Regulation and Controls, e.g., discourage crops
with high water needs through economic and mar-
ket forces. 

Other policy aspects address legislation and institu-
tional arrangements, irrigation efficiency, research
and development, energy and environment, shared
groundwater resources, and public awareness. 

Table 40.4: Annual Irrigation Water Demand (Volume
and Percentage). 

Source of irrigation water
Total consumption

(MCM/Year

1. Surface water
– Jordan Rift Valley
– Springs
– Base & flood

194.486 (73.5%)
 30 (11.34%)
40 (15.12%)

Total surface water
Percent of total irrigation 
consumption

264.486 (100%)
44.70%

2. Groundwater
– Renewable
– Nonrenewable

207.119 (77.80%)
59.07 (22.2%)

Total Ground Water
Percent of Total Irrigation 
Consumption

266.189 (100%)
44.98%

3. Treated Waste Water
– Registered
– Not registered

57.3 (93.9%)
3.7 (6.1%)

Total treated wastewater
Percent of total irrigation 
consumption

61 (100%)
10.31%

Total 591.675
(100.00%)
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40.3 Water Resource Management 

During the past decades, the government has exten-
sively developed surface water resources management
schemes, most notably the construction of dams and
irrigation projects in the Jordan Valley. Such practices
promoted the effective utilization of surface water be-
fore its drainage to the Dead Sea. The future of the
agricultural sector in Jordan heavily depends on future
plans for water resource management to meet irriga-
tion requirements. Aquifers in the Disi-Mudwara, Jafer
and Hamad areas are prime fresh water sources, able
to supply an additional 80 million m3/year of water
for 100 years. Optimum utilization of these resources
would require adequate management practices to
avoid salination and should be accompanied by reduc-
ing extraction from over-utilized aquifers. 

Jordan, Israel and the West Bank are presently
over-exploiting their water resources. Water levels are
dropping, groundwater resources are being mined,
salinization and salt water intrusion are observed and
the domestic water supply does not reach adequate
standards. One of the prime actions recommended to
remedy this crisis is the reduction of water demand
for irrigation, also known as ‘Water Demand Manage-
ment’ (WDM).

Although the potential for irrigation development
in the highlands is great, a very small increase in irri-
gated agriculture is anticipated due to the lack of wa-
ter resources. The average water consumption for irri-
gation in the Jordan Valley and southern Ghor is less
than 10,000 m3/ha per year, which is much less than
in the highlands where it reaches on average 16,000
m3/ha per year. This may be due to the fact that in
the highlands, irrigation water is mostly groundwater
pumped individually by farmers with less supervision
than in the Jordan Valley where the Jordan Valley Au-
thority controls the delivery of water. The Jordan Val-
ley is the prime agricultural area in the Kingdom. Ag-
riculturalists need to be encouraged to use water
efficiently and educated ‘Water Demand Manage-
ment’ strategies. 

Until recently, the preferred approach to satisfying
the water needs of growing communities has been to
develop untapped supplies. New water supply sources
have become less accessible and developing them has
become more expensive and less acceptable environ-
mentally. This has increased the importance of man-
aging demand. Demand management could play an
important role in coping with climate change, both
because it promotes efficiency and because it enables

a considerable amount of flexibility in water resource
management. 

The objective of demand management is to use
water more efficiently. Regulatory options can be
used to promote it. Demand-management options in-
clude such measures as: 

1. Modifying rate structures, 
2. Reducing landscape water use, 
3. Modifying plumbing and irrigation systems, and
4. Conducting educational programs. 

Temporary measures can provide great flexibility in
relieving stress during droughts. In addition to pre-
serving water resources, efficiency gains from water
demand management schemes could offset or post-
pone the building of large and costly structures that
might otherwise be needed. Demand management
measures are also important because they often have
short payback periods and lead to reduced capital and
operating costs for water supply and wastewater treat-
ment facilities. Water saved through demand manage-
ment can solve problems of water deficits. Reduced
wastewater and drainage flows can yield additional
environmental advantages. 

For demand management to be implemented, the
governmental must take leadership. Suggested poli-
cies include increased funding for the development
and use of water saving technologies, and reforming
tax provisions to promote conservation investments.
Future development of water resources in order to
meet the increasing demand for water for agriculture
will require the implementation of expensive projects
for the development and conveyance of water to the
land. These projects could place a heavy burden on
the national budget and could seriously affect the na-
tional economy. Future projects include the construc-
tion of storage facilities on major rivers and side
wadis to alleviate part of the water shortages for agri-
cultural activities.

40.3.1 Wastewater in the Water Strategy

40.3.1.1 On Resource Development 

Wastewater shall not be managed as ‘waste’. It shall be
collected and treated to standards that allow its re-use
in unrestricted agriculture and other non-domestic
purposes, including groundwater recharge. Appropri-
ate wastewater treatment technologies shall be
adopted with consideration for economy in energy
consumption and quality assurance of the effluent for
use in unrestricted agricultre. Consideration shall be
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given to blending of the treated effluent with fresh
water for appropriate reuse.

40.3.1.2 On Resource Management

Management of wastewater shall receive attention
with due regard to public health standards. Industrial
wastewater shall be carefully monitored to avoid de-
grading the quality of the effluent that is destined for
reuse.

40.3.1.3 Wastewater Management Policy

Wastewater collection has been practiced in Jordan in
a limited way since 1930 in the town of Salt. Mostly
septic tanks and cesspits were used with gray water of-
ten discharged to gardens. This practice resulted in
major environmental problems, especially groundwa-
ter pollution. Modern technology to collect and treat
wastewater was introduced in the late 1960s when the
first collection system and treatment plant was built in
Ain Ghazal.

Since 1980 and during the following decade
(1980–1990), the government of Jordan carried out
significat plans with regard to the different issues of
wastewater management primarily related to the im-
provement of sanitation, whose chracteristics are
somewhat different. The average salinity of municipal
water supply is 580 ppm and the average domestic wa-
ter consumption is low (around 70l/c/d country
wide). This results in very high organic loads and in a
higher than normal salinity in wastewater. Given the
low level of industrial discharges (10 per cent) to sew-
age treatment plants, wastewater in Jordan is compar-
atively low in toxic pollutants such as heavy metals
and toxic organic compounds. 

Principal concerns in the use of wastewater for ir-
rigation include its salinity, chloride concentrations,
and the presence of fecal coliforms and nematode
eggs. The Jordanian standards and regulations which
specify the quality of the treated effluent allowed to
be discharged into wadis or destined for reuse in agri-
culture, require a secondary level of treatment. Qual-
ity specifications follow the WHO guidelines for the
safe use of treated effluent in irrigation.

In order to develop a Wastewater Management
Policy, the following represents the key issues under
consideration:

1. Provision of adequate wastewater collection and
treatment facilities for all major cities and towns in
Jordan;

2. Protection of the environment and public health
in the areas affected by the proposed systems, es-
pecially, surface and groundwater;

3. Consideration of treated effluents as a source for
irrigation use: and

4. Improvement of the socio-economic conditions in
the areas to be served by the proposed systems.

This policy that has been adopted by the Jordanian
government is described below.

40.4 The Policy

40.4.1 On Resources Development

1. Wastewater is a perennial water source and shall
form an integral part of renewable water resources
and of the national water budget. 

2. The collection and treatment of wastewater is a
necessity to circumvent hazard to the public health
and the environment. It becomes imperative when
contamination of freshwater resources with waste-
water is immminent.

3. Collection and treatment of wastewater becomes
mandatory to protect public health against water
borne diseases and threats of epidemics.

4. Existing levels of wastewater services shall be
maintained and upgraded where necessary to en-
hance public health and the environment.

5. Treatment of wastewater shall be targeted toward
producing an effluent fit for reuse in irrigation in
accordance with WHO and FAO guidelines as a
minimum. Reuse of treated wastewater in other
purposes shall be subject to appropriate specifica-
tion.

6. Co-ordination shall be maintained with the official
bodies in charge of urban development to account
for the treatment and disposal of their liquid
wastes. Central treatment plants shall be built to
serve semi urban and rural communities, and col-
lection of wastewater can be made initially
through trucking until collection systems are in
place.

7. Specifications and minimum standards shall be is-
sued by the competent authorities for the use of
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septic tanks in rural areas. Particular attention
shall be paid to the protection of underlying aqui-
fers.

40.4.2 On Resource Management

8. It is imperative that a section in the water author-
ity be responsible for the development and man-
agement of wastewater systems as well as the treat-
ment and reuse of the effluent.

9. A basin management approach shall be adopted
where possible. The use of treated wastewater in
irrigation shall be given the highest priority and
shall be persued with care.

10. Effluent quality standards shall be defined based
on the best obtainable treatment technologies,
and calibrated to support or improve ambient re-
ceiving conditions, and to meet public health
standards for end users. Key factors will include
the location of the discharge, its proximity to
wells, the type of receiving water, and the nature
and extent of end uses. Wastewater intended for
irrigated agriculture will be regulated based on the
soil characteristics of the irrigated land, the type
of crops grown, the irrigation schedule and meth-
ods, and whether other water is mixed with the
treated wastewater .

11. Industries shall be encouraged to recycle part of
their wastewater and to treat the remainder to t
standards set for its disposal through the collec-
tion systems and or into the receiving environ-
ment.

12. Wastewater from industries with significant pollu-
tion should be treated separately to standards al-
lowing its reuse for purposes other than irrigation
or for safe disposal.

13. Consideration shall be given to isolating treated
wastewater from surface and groundwater used
for drinking purposes, and to the blending of
treated effluent with relatively fresher water for
suitable reuse.

40.4.3 On Wastewater Collection and 
Treatment 

14. The existing level of services shall be sustained
and promoted. Where it is necessary to meet pub-
lic health and environmental objectives, treatment
shall be improved. Wastewater shall be collected
and treated in accordance with WHO and FAO
Guidelines as the basic for effluent quality require-
ments for reuse in irrigation. However, final reuse

options, type of crops to be irrigated, location of
reuse and treatment (effluent parameters) and the
treatment technology yet to be adopted.

15. Priority shall be given to protecting public health
and water resources from chemical and microbio-
logic pollutants.

16.Where possible, gravity flow shall command the
collection and conveyance lines.

17. Treatment plants shall be located away from any
potential population growth. Location selection
shall be coordinated and approved with the con-
cerned governmental agencies. Plans shall be
made to interact with landowners and adjacent
communities.

18. The transfer of advanced wastewater treatment
technologies shall be endorsed and encouraged.
However, appropriate wastewater treatment tech-
nologies shall be selected with due consideration
to operation and maintenance costs and energy
savings, in addition to their efficiency in attaining
and sustaining quality standards.

19. Innovative approaches to wastewater treatment,
particularly for the small municipal systems have
to be considered. Design criteria, performance
specifications and guidelines for such systems shall
be adopted and generalized. 

20.Design and performance specifications of waste-
water treatment plants shall be studied and stand-
ardized. Sufficient room in tendering for the con-
struction of new plants shall be provided for
competition to take place in both technologies
and costs. However, deviations from standard de-
signs shall be minimized and justified.

21. Septage from unserved areas shall be treated ei-
ther in municipal or in well monitored and main-
tained facilities specifically designed for it. 

40.4.4 On Reuse of Treated Effluent and Sludge

22.Treated wastewater effluent is considered a water
resource and is added to the water stock for reuse.
This is warranted and deemed feasible in light of
the semi arid climate, the modest per capita share
of freshwater resources, the high demand for mu-
nicipal water, the per capita share of the deficit in
the trade of food commodities, and of the mar-
ginal cost of resource development.

23. Priority shall be given to agricultural reuse of
treated effluent for unrestricted irrigation. Blend-
ing of treated wastewater with fresh water shall be
made to improve quality where possible. Crops to
be irrigated by the treated effluent or blend
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thereof with freshwater resources shall be selected
to suit the irrigation water, soil type and chemis-
try, and the economics of the reuse operations.

24.Crop nutrient requirements shall be taking into
consideration the prevailing effluent quality. Over-
use of nutrients shall be avoided.

25.Accumulation of heavy metals and salinity shall be
monitored, managed and mitigated. Leaching of
soils shall be advocated by the irrigation authori-
ties. 

26.Farmers shall be encouraged to determine the rate
of water application needed for different crops,
taking into consideration the value of nutrients in
the treated water and other parameters.

27. Farmers shall be encouraged to use modern and
efficient irrigation technologies. Protection of
farm workers and of crops against pollution with
wastewater shall be ensured. 

28.Treated effluent quality should be monitored and
users be alerted to any emergency causing deterio-
ration of the quality so that they will not use such
water unless corrective measures are taken.

29.Studies should be conducted and projects de-
signed and implemented to store the excess
treated wastewater in surface reservoirs or in
groundwater reservoirs through artificial recharge
techniques. Due attention shall be given to the
quality of treated and groundwater and the charac-
teristics of the strata. 

30.Plans and studies for power generation from
sludge, if proven technically, economically and fi-
nancially feasible, shall be made with due atten-
tion to environment impacts.

31. Sludge produced from the treatment process will
be processed so it may be used as fertilizer and soil
conditioner. Care shall be taken to conform to the
regulations of public health and environment pro-
tection norms. 

32.Whenever possible, other end uses of treated ef-
fluent; such as cycling, cooling, power generation,
etc. shall be considered. 

40.4.5 On Pricing

33.Wastewater charges, connection fees, sewage taxes
and treatment fees shall be set to cover at least the
operation and maintenance cost of the services.
The ultimate aim is for a full cost recovery.

34.Appropriate criteria to apply the ‘polluter pays’
principle shall be established.

35.Different charges for different areas may be ap-
plied. This shall be assessed for each geographical

area as a function of end uses and effluent quality
and will be subjected to economic and social con-
siderations.

36.Treated effluent shall be priced and sold to end
users at a price covering at least the operation and
maintenance costs of its delivery.

40.4.6 On Selected Priority Issues

37. To the extent that design capacities of wastewater
treatment plants permit, priority of collection and
house connections shall be accorded to urban ar-
eas. Users willing to contribute to the cost of the
services in addition to fees and charges set by laws
and regulations shall also be given priority.

38.Where design capacities of treatment facilities and
of conveyance system are approached or ex-
ceeded, priority shall be given to the expansion of
such capacities.

39.Priority shall be accorded to situations and loca-
tions where wastewater disposal practices threaten
the environmental integrity of freshwater re-
sources, and where performance of cesspools and
percolation pits pollute underground water aqui-
fers.

40.4.7 On Standards, Regulations and Quality 
Assurance

40. Jordanian Standards JS893/95, JS 1145/96, regula-
tions of the Water Authority of Jordan (WAJ) for
the quality of industrial wastewater to be con-
nected to the collection system and WAJ’s specifi-
cations for sewage works, have been, thus far, the
benchmarks against which plans and specifica-
tions of treatment plants and wastewater reuse
were evaluated. They were established to bring
about relative uniformity throughout the country.
Periodically, these standards and regulations
should be reviewed and modified to reflect special
ambient conditions or end uses. Other aspects
shall also be considered, e.g. economic socio-cul-
tural, environmental and regional aspects.

41. Particular attention shall be focused on adopting
and enforcing effluent and sludge standards for
municipal and industrial wastewater treatment
plants and for discharges from industries, labora-
tories, hospitals, slaughterhouses and other busi-
nesses.

42.Extensive and comprehensive monitoring pro-
grams shall be developed. Influent to and effluent
from the plants and throughout watercourses shall
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be measured and monitored against all appropri-
ate parameters to insure that public health objec-
tives and treatment efficiency goals are attained.

43.All crops irrigated with treated or mixed waters
shall be analyzed and monitored periodically.

44.Observation wells shall be installed near the treat-
ment plants to monitor groundwater quality where
necessary, and to mitigate adverse impacts where
and when needed.

45.Data collected from the monitoring process shall
be entered and stored, processed and analyzed
through computer software, and results published
periodically.

46.Roof and storm water connections to public sew-
ers shall be prohibited. Collection of storm water
shall be done separately and will be the subject of
water harvesting.

47. Effluent and sludge standards for the disposal of
hazardous liquid wastes shall be defined to ensure
the safe disposal of such wastes.

48.Laboratories shall be maintained and properly
equipped to provide services and reliable data
needed to ensure enforcement of and adherence
to standards and regulations.

40.4.8 On Legislation and Institutional 
Arrangements

49.Legislation and institutional arrangement for the
development and managements of wastewater
shall be periodically reviewed. Gaps shall be filled,
and updating of institutional arrangements with
parallel legislation shall be made periodically to
cope with changing circumstances.

50.The role of the government shall be fine-tuned
and its involvement reduced with time to be regu-
latory and supervisory. Involvement of the stake-
holders in wastewater management and support
shall be introduced and expanded.

40.4.9 On Financing and Investment

51. Because of the limited financial resources available
to Jordan, setting investment priorities in wastewa-
ter will be compatible with government invest-
ment plans.

52.Criteria for prioritizing investments in the waste-
water sector shall take into account the current
and future needs of the country, needs to expand
wastewater systems in urban areas and to provide
wastewater systems to smaller towns and villages
that are not yet served.

53. Priorities of wastewater projects shall be made in
conjunction with water supply projects and urban-
ization in general. Decisions will be made concern-
ing them to attain optimum solutions to the need
for services, availability of finance and availability
of trained manpower.

40.4.10 On Public Awareness

54.The public shall be educated through various
means about the risks associated with exposure to
untreated wastewater and the suitability of treated
effluents for different end uses.

55.Awareness programs for farmers and for the gen-
eral public shall be designed and conducted to
promote the reuse of treated wastewater, methods
of irrigation and handling of produce. Such pro-
grams shall concentrate on methods of protection
of the health of farmers, animal, birds and the en-
vironment.

56.Public awareness campaigns shall also be waged to
educate the public on the importance of domestic
hygiene, wastewater collection, treatment and dis-
posal. 

40.4.11 On the Role of the Private Sector

57. It is the intention of the government, through pri-
vate sector participation, to transfer the ma-
nagement of infrastructure and services from the
public to the private sector, in order to improve
performance and upgrade the level of service.

58.The role of the private sector will expand with
management contracts, concessions and other
forms of private sector participation in wastewater
management.

59.The concepts of BOO/BOT shall be entertained,
and the impact of such concepts on consumers
shall be continually addressed and negative im-
pacts mitigated. 

60.The private sector’s role in reuse of treated efflu-
ent shall be encouraged and expanded.

40.4.12 On Human Resources Development

61. Capabilities of human resources in the manage-
ment of wastewater shall be enhanced through
training and continuous education. Work environ-
ments shall be improved and incentives provided.

62.The existing National Water Training Center shall
be enhanced. It will be accorded adequate atten-
tion and provided with space, furniture and the
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necessary support to identify needs, promote and
conduct human resources development activities
and training.

63.Human resources performance will be continually
appraised in order to upgrade capabilities, sustain
excellence and provide job security and incentives
to qualified individuals with excellence perform-
ance. 

40.4.13 On Research and Development

64.Applied research on relevant wastewater manage-
ment topics shall be adopted and pro-moted. Top-
ics such as the transfer of wastewater treatment
technologies, low cost wastewater treatment tech-
nologies, reduction of energy consumption and
others will receive adequate support.

65.Cooperation with specialized centers in the coun-
try and abroad shall be advanced, and raising of
funds for this purpose shall be supported.

66.Transfer of appropriate technology suited for local
conditions will be a primary target for the devel-
opment activities and for adaptive research.

67. Emphasis will be placed on liaison with interna-
tional institutions to keep abreast of modern tech-
nological advances and to facilitate their transfer
and adaptation.

40.5 Conclusions

To protect human health and the environment and to
provide additional water supply that meets the
approved standards for its use, the Ministry of Water
& Irrigation developed a wastewater management
policy through which, the Ministry will ensure that
appropriate wastewater collecting systems and treat-
ment facilities are provided for all sources of wastewa-
ter, wherever feasible. It will also ensure that wastewa-
ter is not managed as 'waste' but is collected, treated,
managed, and used in an efficient and optimized man-
ner. The management policy illustrates that treated
effluent complies with recently established national
standards (JS893–2002) and that all treatment is to a
quality appropriate for use in agricultural activities
and other non-domestic purposes, including ground-
water recharge. Appropriate wastewater treatment
technologies shall be adopted with due consideration
to sustainability, economy in energy consumption,
and quality assurance of the effluent. Consideration
shall also be given to the blending of the treated efflu-
ent with fresh water for suitable reuse. 
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Abstract1

Olive mill wastewater (OMW) generated by the olive oil extraction process is the main
waste product of this industry. Approximately 5.4 x 106 m3 of olive mill wastewater are pro-
duced annually worldwide. The majority of it is being produced in the Mediterranean
Basin. The uncontrolled disposal of OMW is becoming a serious environmental problem,
due to its high organic COD concentration, and because of its high content of microbial
growth-inhibiting compounds, such as phenolic compounds and tannins. The improper
disposal of OMW to the environment or to domestic wastewater treatment plants is pro-
hibited due to its toxicity to microorganisms, and because of its potential threat to surface
and groundwater, due to the current lack of appropriate alternative technologies to prop-
erly treat OMW. In the Mediterranean area it is most often discharged directly into sewer
systems and water streams or concentrated in cesspools, despite the fact that such disposal
methods are prohibited in many Mediterranean countries.

The Research and Development Center of the Galilee Society (GS) in Israel is coordinat-
ing a joint USAID funded project with partners from Hebron University, Palestine, The
Royal Scientific Society (RSS) in Jordan, and the Technion - Haifa, Israel. The project aims
to investigate industrially feasible physico-chemical and biological treatment systems in
order to reduce the environmental impact of OMW. During the last three years, the part-
ners conducted an inclusive survey on location, type of olive mills, production capacity,
OMW generation, current practiced methods for the disposal of OMW and data related
to the socio-economic situation of the farmers in the region. Furthermore, laboratory and
pilot-scale experiments have been conducted in the GS, RSS and the Technion to examine
the most effective physico-chemical and biological treatment systems to treat OMW. 

The experimental work was conducted to identify the most efficient anaerobic treatment
for OMW. It was demonstrated that in the up-flow anaerobic sludge blanket reactor
(UASB) reactor, COD removal efficiency of 75–85 per cent was reached at a Hydraulic
Retention Time (HRT) of 5 days with an influent COD concentration of about 40 gL-1

and Organic Loading Rate (OLR) = 7–8 g CODL-1.d-1. Based on the results obtained in

1 The authors thank the US-AID for their financial support (Grant No. TA-MOU-00-M20-091). The authors are also grate-
ful to Prof. Awni Al-Khatib, Eng. Yousef Subuh at the Hebron University, Palestine, Dr. Bassam Al-Hayek, Eng. Moha-
mad Musa at The Royal Scientific Society, Amman, Jordan, and Prof. Noah Galil at The Technion, Haifa, Israel, for the
valuable discussions.
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bench scale experiments, a demonstration pilot scale system was designed and constructed
in Hebron district to continuously treat OMW.

Keywords: Anaerobic treatment, biomass, olive mill wastewater, GIS database, upflow
anaerobic sludge blanket reactor.

41.1 Introduction

Olive mill wastewater (OMW) generated by the olive
oil extraction process is the main waste product of
this industry. Approximately, 1.8x106 tons of olive oil
are produced annually worldwide, the majority (98
per cent) of it is produced in the Mediterranean basin
(Benitez/Beltran-Heredia/Torregrosa/Acero 1997a).
It is reported that OMW resulting from the produc-
tion process surpasses 30 million m3 per year (Bac-
cari/Bonemazzi/Majone/Riccardi 1996) in the Medi-
terranean region. Treatment of OMW is becoming a
serious environmental problem, due to its high or-
ganic COD concentration, and because of its resist-
ance to biodegradation due to its high content of bio-
mass-inhibiting growth, mainly phenolic compounds
(Ramos-Comenzana/Monteolica-Sanchez/Lopez 1995).
In addition, OMW typically contains polysaccharides,
lipids, proteins, a number of monocyclic and poly-
meric aromatic molecules (Ethaliotis/Papadopoulou/
Kotsou/Mari/Balis 1999), which might exhibit inhibi-
tion effects towards some specific anaerobic microor-
ganism populations. All chemicals of analytical grade
were purchased from Sigma.

The OMW is a significant source of environmental
pollution in the Mediterranean countries (Basheer/
Sabbah/Marzook 1999; Basheer/Sabbah/Marzook
2004). In general and for economic reasons, OMW is
often concentrated in evaporation ponds and left to
dry throughout the summer season (Borja/Martin/
Maestro/Alba/Fiestas 1992; Benitez/Beltran-Heredia/
Torregrosa/Acero/Cercas 1997b). OMW, negatively
impacts the regional environment due to its toxicity to
microorganisms in domestic wastewater treatment
plants, its strong and unpleasant odor after anaerobic
digestion, and also due to its potential threat to sur-
face and groundwater sources. The seasonal produc-
tion and high organic load of OMW make anaerobic
treatment a very reasonable treatment option for this
type of aqueous waste (Boari/Brunett/Passino/Rozzi
1974).

Within the different anaerobic treatment systems
studied so far, up-flow anaerobic sludge blanket reac-
tor (UASB) is considered as one of the most popular
bioreactors to treat agro-industrial wastewaters char-
acterized with high organic load. Previous research

works show that a very high efficiency of COD re-
moval has been achieved using UASB reactors with an
influent organic loading rate of 8 g COD-1d-1 (Er-
guder/Guven/Demirer 2000). Most research studies
in this field report that the major problems of UASB
system are the long-term start-up period in addition to
the instability of the biological activity as a result of
washing out a significant part of the biomass from the
reactor. Also, other problems are accounted such as
the high toxicity of phenolic compounds, tannins, and
adjusting the pH in the medium of the reactor (Sab-
bah/Marzook/Basheer 2004) when dealing with
wastewater generated from the agro-industry.

Suitable sludge source is highly important for both
start-up period and overcoming the low biodegrada-
bility of toxic compounds typically present in OMW.
Therefore, the main goal of this study is to examine
the most suitable sludge to be used for OMW in
anaerobic treatment systems, mainly UASB reactors.
Also, a geographic information system (GIS) database
to allocate olive mills mainly in Jordan, Palestine and
Israel and document their characteristics was pre-
pared in this study.

41.1.1 Geographic Information System (GIS)

In order to successfully manage the OMW generated
in Jordan, Palestine and Israel it was necessary to iden-
tify the locations most in need of facilities. In particu-
lar, analysis of the following was carried out:

•  Location of the olive mills
• Availability of wastewater treatment facilities
• Characteristics and quantity of wastewater

A GIS database currently exists mapping many details
about olive oil production in Jordan, Palestine and
Israel. The database has been divided into three areas.
Area 1 covers the Kingdom of Jordan and has been
accumulated by the Royal Scientific Society. Area 2
was compiled by the Hebron University team and is
subdivided into area 2(a) (West Bank) and area 2(b)
(Gaza Strip). The Regional R&D Center at the Galilee
Society collected the data for area 3 (Israel). The fol-
lowing information has been brought together for the
database:
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•  Towns and villages
•  Districts
•  Main Roads
•  Regional Roads
•  Local Roads.

There are two comprehensive maps on the database.
Each map contains several different layers for Jordan,
Palestine and Israel. Layers detailing rivers, districts,
roads, towns and villages, and olive mills have been
added to a base map. A second map was compiled
specifically for area 3. A questionnaire for olive mill
owners was produced and the information gathered
has been added to the database. This includes tables
with the following information:

• General information about the mill, including
name, location, type and manufacturing country.

• Numerator – contains information about the data
entry.

• Olive mill owner information, including level of
education.

• Production capacity of the mill.
• Water consumption and use of other resources.
• Generation of wastewater and solid waste.
• Infrastructure of the mill.
• Characteristics for area 1 – results of tests (quality

of waste) carried out for some of the olive mills in
Jordan.

• Characteristics for area 2 – results of tests carried
out for some of the olive mills in Palestine.

The information in the database allows the relevant
stakeholders to assess the requirement for the treat-
ment in different areas, as well as practical considera-
tions such as how to collect the OMW from the olive
mills concerned. Any change in local circumstances,
such as increase in mill’s production capacity or mod-
ernization of milling Techniques, can be easily added
to the database.

41.2 Materials and Methods

41.2.1 OMW Characterization

OMW for this study was obtained from different olive
mills in the Galilee area and was refrigerated at 4 °C.
The parameters COD, BOD, TSS, VSS, pH, and alka-
linity of the collected OMW samples were deter-
mined according to the “Standard Methods for the
Examination of Water and Wastewater, 20th Edition
1998”. The total polyphenols in OMW were deter-
mined according to the Folin-Cioacalteau method

(see Hamdi 1995; Kachouri/Hamdi 2004). Table 41.1
shows the typical characteristic parameters of OMW
from the region. All chemicals of analytical grade
were purchased from Sigma.

41.2.2 Biomass Characterization

The main characteristics of five different types of bio-
mass collected from different sources in Israel are
given in table 41.2. The differences in concentrations
of mixed liquor suspended solids (MLSS) and mixed
liquor volatile suspended solids (MLVSS) for the
tested OMW samples were due to the solid contents
of the original biomass collected from the specific
source.

Biomass dry weight for the OMW samples was
checked by taking an amount of mixed liquor sus-
pended biomass, which was centrifuged at 5000 rpm
for 10 minutes. The two phases obtained after centrif-
ugation, were separated by decantation and then a
fixed amount of the accumulated biomass was
weighted and considered as wet base biomass. The
obtained wet biomass amount was heated in an oven
at 110 °C for 24 hours, and the resulting weight was
considered as the dry weight of the biomass.

The relatively low MLVSS/MLSS (0.227) of Gadot
biomass was due to the presence of an inert carrier
material (such as sand and silt), where the high
MLVSS/MLSS (0.7260) ratio of the biomass from Pri-
Gat was due to the high organic content of the distill-
ery wastewater that was absorbed or mixed with the
biomass.

Table 41.1:  Characteristics of Olive Mill Wastewater Used
for the Biomass Selection Study (Batch
Systems). Source: Basheer/Sabbah/Marzook
2004.

Parameter Value

pH  5.0

Total alkalinity as CaCO3  1.172 g l-1

Total polyphenols  6.8 g l-1

COD(total)  163.5 g l-1

COD (soluable)  131.5 g l-1

BOD  27.5 g l-1

TSS  86.84 g l-1

VSS  0.503 g l-1

N-NH+
4  0.11 g l-1
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41.2.3 Anaerobic Batch Experiments

Anaerobic batch experiments were carried out in 1 l
Erlenmeyer flasks connected with tubing to gas meas-
uring tubes of 500 ml in volume. All gas collection
tubes were calibrated daily to determine the volume
of gas accumulated. For each biomass source OMW
with COD concentrations in the range of 993–35,500
mg l-1, was added.

Similar volumes of standard solutions containing
trace elements and yeast extract were added to all of
the anaerobic batch experiments in addition to a
source of carbon (either sodium acetate or OMW).
Sucrose solutions (5 per cent of total COD, 700 ml in
each flask) were added to two flasks containing
OMW, where the first had a COD of 1 g l-1 and the
second had a COD of 20 g l-1, in order to examine the
effect of easy biodegradable compounds on the total
efficiency of biodegradation. Each flask was supple-
mented with 50 g of biomass from a different source
and 0.4 g urea as a source of nitrogen. The medium
in each flask was adjusted to pH = 7.0 and kept con-
stant at this value by appropriate addition of NaOH
or HCl solutions each of 0.1 M. The flasks were im-
mersed in a shaker bath at temperature 37 oC and
shaken at 50 rpm. Samples were taken daily for COD
and pH tests. The COD was determined by taking 5
ml of the flask content, centrifuged at 5000 rpm for
10 minutes, then tested according to the “Standard
Methods for the Examination of Water and Wastewa-
ter, 20th Edition 1998”. The gas collection tubes were
monitored to determine the volume of the accumu-
lated gas.

41.3 Results and Discussion

41.3.1 Biomass Activity with OMW

In a preliminary work, the anaerobic activity of the
five different sources of biomass was evaluated. Each
of the five batch-anaerobic systems containing water-
diluted OMW with two various initial COD concen-
trations, each were inoculated with one of the five dif-
ferent biomass sources. Figure 41.1 shows the rate of
the biological activity using the five different sources
of biomass with OMW at initial COD concentrations
of 1 g l-1 (figure 41.1a) and 20 g l-1 (Figure 41.1b). Fig-
ures 41.1a and 41.1b show obviously that the biomass
from PriGat has the highest anaerobic biological activ-
ity in the treatment of OMW at both low and high
concentration ranges. This result confirms that the
PriGat biomass comprised the most appropriate pop-
ulations of anaerobic microorganisms for the treat-
ment of OMW compared to other sources of biomass
used in this study.

41.3.2 Effect of Concentration Range of OMW 
on the Biomass Activity

The biomass of Gadot and PriGat were selected for
our further study in order to test the effect of a
broader COD concentration range on the biological
activity of OMW biodegradation under anaerobic
conditions. Figure 41.2 presents the results for the
effect of initial COD concentrations of OMW on the
biological activity of biomass from PriGat. It can be
seen from the results that the initial COD concentra-
tion of 5 g l-1 does not affect the rate of biodegrada-
tion of OMW as well as having no effect on the extent
of the ultimate removal percentage (80 %) obtained
after 4 days. However, the (a) (b) results in figure 41.2
show that starting with initial COD concentrations of
OMW equal or higher than 20 g l-1 caused a major

Table 41.2:  Characteristics of Five Different Biomass Sources Tested in this Study.

Biomass
Type

MLSS

(g l -1)

MLVSS

(g l -1)
MLVSS/
MLSS

Wet
Weight 

(g)

Dry Weight
(g)

% Dry/Wet
weight

Sakhnin UASB 102.4 69.5 0.678 50.0 7.7 15.4

Haifa (HWTP) 23.3 16.25 0.697 43.6 4.2 9.6

Gadot UASB 411.4 93.6 0.227 49.8 20.0 40.2

OMW-evaporation
pond

48.7 35.4 0.726 50.0 5.1 10.2

PriGat UASB 74.05 53.4 0.722 50.0 6.5 13
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inhibition effect on the anaerobic biodegradation rate
of OMW as well as on the final extent of COD
removal. It can also be seen in figure 41.2 that the ini-
tial COD concentration of 10 g l-1 was observed to be
such an ‘intermediate’ concentration level, where the
biodegradation rate was slow in the first three days,
but the ultimate degraded organic materials present in
OMW was similar to the extent obtained when using
lower initial concentration of COD for OMW. Figure
41.2 also shows that 73–85 % of the COD content in
the low range (1–10 g l-1) was removed within 4–5
days of contact time compared to about 40 % COD
removal obtained when the initial COD concentra-
tion of 20 g l-1 was used with the PriGat biomass. The
results also show that only 25–28 per cent of the COD
concentration was removed when the initial COD
concentration was of 40 g l-1. These results indicate
that the equivalent concentration of the refractory
compounds (assumed to be polyphenols) in OMW of
20 g l-1 or more as COD has significantly inhibited the
biomass anaerobic activity. 

41.3.3 Pilot Plant for the Treatment of OMW 

Pilot plant of 4 m3 in volume was designed and con-
structed for the treatment of OMW in one olive mill
in the region of Hebron (figure 41.3). The concentra-
tion of COD in the reactor was 5000 mg/L. The

amount of wastewater, which flowed into the reactor
was 3m3, and the amount of sludge seeded was
1900L (1.9m3) with the concentration of 53 g VSS/L.
The constructed UASB was fed with diluted OMW
with COD content in the range of 2000–5000 mg/L

Figure 41.1: Kinetics of COD (mg/L) Removal of OMW Presented as COD Measured at Different Time Intervals (CODt)
per the Initial COD Concentration (CODi). The anaerobic biodegradation conditions: Two sets of five
OMW solutions (1l) of CODi 1g/l (graph a) and of 20 g/l (graph b) were inoculated each with 50 g of sludge
from the different sources. The solutions were shaken at 50 rpm, pH 7 and at 35 °C. Source: Basheer/
Sabbah/Marzook 2004

Figure 41.2: The Effect of Initial COD Concentration of
OMW on the Kinetic Activity of Biomass from
PriGat. The activity profile is presented as
COD measured at different time intervals
(CODt) per the initial COD concentration
(CODi). The anaerobic biodegradation
conditions: OMW solutions (1l) of various
initial COD concentrations were inoculated
each with 50 g of sludge from PriGat. The
solutions were shaken at 50 rpm, pH 7 and at
35 °C.
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during the start-up period of the continuous reactor.
The generation of biogas bubbles in top of the reactor
could be observed on the 5th day of operation, indicat-
ing anaerobic activity. Anti-foaming agent was used to
reduce the scum layer that periodically appeared on
top of the liquid phase of the UASB reactor. The pH
of the influent was adjusted to the range of 6.8–7.00
with alkaline solution while the pH of the effluent
was in the range of 7.5–7.75. The COD applied after
two weeks after start-up of the continuous reactor
was 6250 mg/L, while the CODout was 1710 mg/L
using a Hydraulic Retention Time (HRT) of 5 days.
The flow rate was increased from around 980L/d to
1200L/d (HRT=4.2 days) within a one-week period.
Depending on the reactor performance the HRT has
been decreased down to 3.5 days or less. The work on
the pilot station is being continued, with the aim of
treating OMW in the constructed UASB system so
that the effluents of the system can be disposed
directly to the municipal wastewater system.

41.4 Conclusions

A GIS database system was compiled in this study.
This system is comprised of three levels representing
Jordan, Palestine and Israel. The database contains ge-
ographic data, which includes maps and locations for
the areas and the mills in the three countries. The
compiled database also contains information about
the characteristic of olive mills in Jordan, Palestine
and Israel.

In our study also, two types of biomass, collected
from the wastewater treatment systems of a citrus
juice producing company “PriGat” and of citric acid

manufacturing factory “Gadot” both located in Israel,
were found to be the most efficient sources of micro-
organisms to anaerobically treat both sodium acetate
solution and OMW. The results show that 70–85 % of
COD removal was reached using Gadot biomass after
8–10 days when the initial COD concentration of
OMW was up to 5 g l-1, while similar removal effi-
ciency was achieved using OMW of initial COD con-
centration of 10 g l-1 in 2–4 days of contact time with
the PriGat biomass.

The physico-chemical pretreatment of OMW was
found to enhance the anaerobic biodegradation rate
for OMW with initial concentration of 20 g l-1 using
PriGat biomass. A removal efficiency of 80 % was
observed when OMW was first physicochemically pre-
treated, while only 40 per cent of removal efficiency
was reached using water-diluted OMW with the same
initial COD and biomass concentrations. This finding
is attributed to the high removal efficiency of polyphe-
nols and other toxicants by the proposed pretreat-
ment process for OMW. 
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42 A Seeping Timebomb: Pollution of the Mountain Aquifer by Sewage
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Abstract

Untreated sewage of over 2 million people on the recharge area of the Mountain Aquifer
threatens to pollute the most significant, shared water source of Israelis and Palestinians.
The vast majority of Palestinians in the West Bank, and large parts of the Israeli settle-
ments, have none or inadequate sewage treatment facilities. The international community,
led by Germany and the U.S., has committed funding for several sewage projects, however,
only one full scale project has been implemented to date (one pre-treatment facility was
completed in 2005) This chapter examines the factors preventing projects’ implemen-
tation, and proposes recommendations to all parties involved.

This article was prepared and presented in 2004, and appears here without change. How-
ever, several noteworthy developments took place since its original presentation. These
include: launching of a sewage pre-treatment facility in Tul Karem (German funded); the
proposed sewage project for Nablus East was cancelled; establishment of a sewage
removal project on the Kanah Stream for some Israeli settlements; Enforcement measures
were taken by the Israeli Environment Ministry against the settlement of Ariel on the issue
of sewage treatment; the USAID froze its Hebron wastewater project, owing to the estab-
lishment of the Hamas government in the Palestinian Authority.

Keywords: Development; Middle East; mountain aquifer; transboundary pollution; water

42.1 Introduction

This chapter describes one of the most severe envi-
ronmental problems threatening Palestinians and Is-
raelis: large-scale pollution of freshwater resources.
The Mountain Aquifer is a shared Israeli – Palestinian
fresh water resource. Though there has been much de-
bate over the division of the waters of the Mountain
Aquifer between the parties, the issue of protecting
the aquifer’s groundwater from pollution has yet to re-
ceive the attention that it deserves. Large quantities of
untreated sewage run on the surface of the Mountain
Aquifer, percolate into the ground and threaten the
continued utilization of vital water resources. Pollu-
tion sources are both Palestinian and Israeli, the
threat to future water supplies is undisputed and evi-
dence shows that groundwater in some locations has

already been polluted. Despite the urgency of the is-
sue, progress on solutions has been slow, and funds
committed to build sewage treatment projects may be
withheld or withdrawn. 

This chapter points at major sources of pollution
from sewage, describes the different solutions that
have been proposed and attempts to identify factors
that prevent the implementation of sewage solutions.
In the preparation of this chapter, Friends of the
Earth Middle East (FoEME) staff met with Israeli and
Palestinian representatives as well as those of donor
countries. These meetings and the comments gath-
ered on drafts of the chapter, enabled FoEME to
draw conclusions and make recommendations to pro-
tect the Mountain Aquifer.
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42.2 Background

The Mountain Aquifer is one of the most significant
sources of water for both Israelis and Palestinians. It
consists of three sub-aquifers, which together supply
600–700 million cubic meters of water per year
(Gvirtzman 2002: 103; IWC 2003a: v), equivalent to
more than one third of the yearly water consumption
in Israel. Water of the Mountain Aquifer is shared
between Palestine and Israel, whereby nearly the
entire Palestinian population in the West Bank is
dependent on springs, wells or extracted water from
the Mountain Aquifer for drinking and other uses. In
Israel, the Mountain Aquifer supplies water to major
population centers such as Jerusalem, Tel-Aviv, Be’er
Sheva and other cities. Israeli settlements in the West
Bank also rely on Mountain Aquifer water. 

The Mountain Aquifer is the source of major
streams and rivers in Israel’s coastal area, including
the Yarkon, Taninim, Hadera and other streams. The
aquifer consists of a recharge area and a confined
area. Rainfall in the recharge area permeates through
the rocky foundation and accumulates underground,
where it flows west, north-east or east, dividing the
Mountain Aquifer into three sub-aquifers. The con-
fined area is located further down the slopes, beneath
an impermeable layer of rock. Most wells and water
extraction sites are located there. 

The greatest part of the recharge area (consisting
of 4,700 sq. kilometers) is situated in the West Bank
and the Jerusalem corridor. The confined area of the
western sub-aquifer lies, for the most part, within Is-
rael. This sub-aquifer is the source of most of the wa-
ter extracted by Israel from the Mountain Aquifer,
and for many wells in the Palestinian cities of Tul
Karem and Qalqiliya. Water in the northeastern sub-
aquifer flows underground initially to the north, and
then continues eastward to the Jordan Valley and the
Dead Sea. In the eastern sub-aquifer, water flows un-
derground directly eastwards from Ramallah, Jerusa-
lem and Hebron towards the Jordan Valley and the
Dead Sea (Gvirtzman 2002: 102–136; UNEP 2003:
42–57). 

Given its karstic geology, most of the Mountain
Aquifer’s recharge area is vulnerable to groundwater
pollution (Gvirtzman 2002: 112; UNEP 2003: 33). The
north-western strip of the Mountain Aquifer’s re-
charge area, around the cities of Tul Karem and Qal-
qiliya, is particularly vulnerable. Groundwater in that
area is closer to the surface, requiring a shorter period
of time for pollutants to percolate and reach it (Gutt-
man 2000). Some of the most abundant water extrac-

tions from the Mountain Aquifer are located in that
area (Gvirtzman 2002: 25). Alarmingly, it is also the lo-
cation of some of the most serious pollution spots
(IWC 2003a: 124). 

The recharge area of the Mountain Aquifer in-
cludes most of the area of the West Bank as well as
some parts of Israel. The human population in that
area reaches around three million people in 2004. It
includes Palestinian cities (except Jericho) and villages
in the West Bank (approximately 2,263,931, as of mid-
2003; see Palestinian CBS 2003); Israeli settlements in
the West Bank (212,900 by the end of 2002; see Is-
raeli CBS 2002); and Israeli cities and villages in the
Jerusalem Corridor and Modi’in areas (at least
500,000, including Jerusalem, Modi’in and villages in
the Jerusalem Corridor). While sewage of most Israeli
localities within Israel is treated adequately, most Pal-
estinians as well as many of the Israeli settlements in
the West Bank do not have adequate sewage treat-
ment facilities. The sewage of over two million people
flows untreated in the recharge area of the Mountain
Aquifer, percolating into the largest and most signifi-
cant groundwater reservoir in the region. 

42.3 Pollution of Groundwater

Sewage flow in the recharge area of the Mountain Aq-
uifer leads directly to pollution of groundwater. Re-
cent reports by the hydrological service of the Israeli
Water Commission have shown high levels of nitrate
pollution, originating from untreated sewage as well
as agricultural sources, in the area near Tul Karem
and Qalqiliya, reaching at times concentrations of
100–145 mg/l. A smaller area of pollution was found
in the Hebron area, where nitrate concentration
reached 60–80 mg/l (IWC 2003a, 2004b). The WHO
standard for nitrate concentration in drinking water is
50 mg/l. Other evidence shows water contamination
by nitrate and fecal coliforms in many wells and
springs in the West Bank, with many sources no
longer fit for consumption without prior treatment.
Many of the natural springs in the West Bank, mainly
the ones located inside the villages, are polluted by fe-
cal coliforms, since most of them are located down-
stream from some source of pollution, usually unsani-
tary cesspits of uphill villages (Rabbo/ Scarpa/
Qannan/Abdul-Jaber/Younger 1999; UNEP 2003: 34–
35).

Nitrate pollution, was also found in wells in the
Jordan valley, Nablus, and Jenin districts. Wells in the
Tul Karem district were also found to contain chlo-
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ride pollution, indicative of industrial and municipal
wastewater. Micro-biological pollution, also above
WHO levels, was evident in 600 of 2,721 samples ex-
amined in 2001 (Kliot 2003: 43–47). In addition,
some hotspots of industrial pollution were identified
in the vicinity of quarries, olive oil refineries, abattoirs
and leather processing industries (UNEP 2003: 56–
57). 

This evidence suggests that pollution from the sur-
face in the Mountain Aquifer’s recharge area has al-
ready begun to contaminate water resources. How-
ever, the bulk of the pollution has yet to reach
groundwater. The ‘travel-period’ of pollutants to un-
derground reservoirs is difficult to predict, but ex-
perts agree that many of the pollutants that have be-
gun to percolate into the ground will undoubtedly
reach the reservoirs at some point. According to one
study, the first trace of pollution from the Barkan in-
dustrial area is expected to reach groundwater within
15 years. Within 30 years, traces of that pollution are
expected to reach wells in the Yarkon area and others,
which currently provide 37 million cubic meters of wa-
ter a year. Examining sewage from Ramallah, too, the
study estimates that nitrate pollution will take appro-
ximately 15 years to reach groundwater. Initially it is
expected to cause low concentrations of pollution in
groundwater, but those will then rise steadily (Shuval/
Isaac 2000). 

42.3.1 Sewage from Palestinian Sources

Sewage from Palestinian sources on the Mountain Aq-
uifer’s recharge area is estimated at 46 million cubic
meters per year.1 In villages, comprising 61 per cent of
the Palestinian population in the West Bank, sewage is
commonly disposed of in unlined cesspits, allowing
gradual absorption into the ground and requiring pe-
riodical emptying of the remaining solid waste. In ur-
ban centers, 70 per cent of the population is con-
nected to sewage networks (UNEP 2003: 52). In the
vast majority of cases, however, these networks dis-
charge the sewage without treatment into streams in

the open environment. Where sewage networks are
not in place, sewage runs in open canals or is also dis-
posed of in cesspits. 

Currently, only five sewage treatment plants exist
for the Palestinian population in the West Bank. Of
these, only one is functioning adequately: a new, Ger-
man-funded plant in El-Bireh, which can treat the sew-
age of up to 50,000 people. Of the other sewage
treatment plants two (in Jenin and Hebron/Al Khalil)
do not work at all and the other two (in Tul Karem
and Ramallah) have only recently been rehabilitated
with German funding. Even the rehabilitated plants,
however, are of limited capacity and unable to ade-
quately treat the sewage of today’s population. 

Several new sewage treatment projects have been
planned for West Bank Palestinian cities since the be-
ginning of the peace process. These were supposed to
be financed by German and U.S. development agen-
cies, who have committed hundreds of millions of
dollars for their implementation. Unfortunately, as of
2004 the sewage treatment plant in El-Bireh is the
only one that has been implemented. The result is
that sewage in most West Bank cities continues to
flow untreated, while large sums of money committed
to sewage treatment projects remain unused. 

42.3.2 Sewage from Israeli Sources

It is only in recent years that sewage from Israeli cities
and villages on the Mountain Aquifer recharge area
within Israel has undergone adequate treatment. West
Jerusalem sewage, for example, is treated at the Soreq
treatment plant, which began operation in 1999. To-
day, therefore, sewage from Israeli sources within Is-
rael poses little threat to the Mountain Aquifer. The
treatment of sewage from Israeli settlements in the
West Bank, however, is less satisfactory. 

Only partial data were provided to the authors on
the treatment of sewage from Israeli settlements in
the West Bank, amounting to 15 million cubic meters
per year. Despite the existence of precise data on the
issue, the Israeli Water Commission refused to pro-
vide detailed reports. Instead, it claims that 70 per
cent of the settlements’ sewage is treated satisfac-
torily, while the remainder is either treated to unsatis-
factory levels or is not treated at all (IWC 2004a).
Data obtained by the authors show a somewhat dif-
ferent picture. Monitoring results from 1999 suggest
that only 6 per cent of the sewage conformed to Is-
raeli treatment standards (Environmental Protection
Association Samaria and Jordan Valley 2000), while
48 per cent of the sewage was treated inadequately, or

1 In the absence of hard data, the amount of sewage had
to be estimated thus: on a calculation of 2,263,931 Pales-
tinians in the West Bank (excluding Jericho; Palestinian
CBS2003), yearly water consumption of 29 cubic meters
per capita and sewage proportion of 70 per cent of
water (Tahal 1999:. 2–4). There exist a variety of other
estimates. Given the relatively low water consumption in
Palestinian society and its limited access to water
resources, concentration of organic matter is much
higher in Palestinian than in Israeli sewage.
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not treated at all. Monitoring results for 17 per cent
were not available, and the status of 7 per cent was
unclear. Several sewage treatment projects for Israeli
settlements are currently in various stages of imple-
mentation. Once completed, they will treat the re-
maining 22 per cent of the settlements’ sewage. These
projects include the Kana Stream carrier line, upgrad-
ing of the sewage treatment plant of Barkan Industrial
Area, sewage treatment plants in Efrat and Beit-Aryeh,
and upgrading as well as building of sewage infra-
structure in Modi’in-Illit (IWC 2004a). 

42.4 Solutions and Impediments to 
Their Implementation 

Protection of the Mountain Aquifer and the preven-
tion of groundwater contamination by sewage from
large urban centers in the West Bank require the
building of extensive sewage treatment infrastructure.
Since the beginning of the peace process, the interna-
tional community, led by Germany and the U.S., has
committed US $ 230 million for sewage treatment
projects in Palestinian cities. This could be the start-
ing point for the protection of vital groundwater re-
sources; however, very little progress has taken place
on the ground. Until October 2006, only one full
project has been implemented, while several others re-
main on hold. 

The Palestinian Authority, the Israeli Government
and German and U.S. aid agencies are all involved in
the attempt to build sewage infrastructure in the West
Bank. This has proven to be a difficult task even prior
to the outbreak of the second Intifada, and certainly
throughout the violent conflict. The following is

FoEME’s attempt to identify the hurdles which have
prevented the implementation of sewage projects to
date, based on a series of discussions with all parties
concerned. 

42.4.1 Germany

German agencies operating in the Palestinian Author-
ity have committed more funding than any other do-
nor country to sewage projects, and had plans to con-
struct treatment facilities in all major cities in the
northern West Bank. However, they managed to build
only one plant before the Second Intifada broke out.
Since the Intifada, the Germans have placed all large
projects on hold, focusing instead on smaller projects
such as rehabilitation of old sewage infrastructure in
Tul Karem and Ramallah. These ‘pilot projects’ are
considered test cases, the successful completion of
which is required before commencement of larger-
scale projects. 

The main reason for placing the sewage works on
hold, according to German agencies, is the restriction
on movement of civilians and vehicles into and out of
Palestinian cities, imposed by the Israeli military. Un-
der these conditions, workers, experts and equipment
required for the construction of sewage infrastructure
often cannot access the sites, although work has been
delayed, workers and experts have had to be paid. In
addition, imported materials and equipment have
been held in Customs for long periods, pending secu-
rity clearance by military authorities. Such delays oc-
curred even in cases when work was coordinated with
Israeli authorities. Instructions to facilitate works of-
ten failed to reach the checkpoint level, leading to sol-
diers not allowing workers through to the site. In one

Table 42.1: Sewage in the Mountain Aquifer's Recharge Area by Source. 

Palestinian Villages Palestinian Cities Israeli Settlements

Populationa 1,381,000 883,000 213,000

Quantity of 
sewageb

28 MCM/Y 18 MCM/Y 15 MCM/Y

Current 
treatment

Cesspits 
(unsatisfactory)

None or unsatisfactory sewage treat-
ment plants. (One exception)

Partial treatment only. Some projects 
in progress.

Finance for 
planned 
infrastructure

None. Germany and the USA have commit-
ted US $ 230 million for projects in the 
above cities. Very slow implementa-
tion.

NIS 65 million (approx. US $ 14.5) 
financed by settlement municipalities. 
NIS 400 million (approx. US $ 90 
million) required. 

a. Palestinian and Israeli Central Bureaus of Statistics, respectively.
b. Quantity of Palestinian sewage was estimated according to population data and assumptions of average water con-

sumption and percentage of wastewater from it according to reports of the Israeli Water Commission. See Endnotes
for details. Quantity of Israeli settlement sewage: Israeli Water Commission (IWC 2004a).
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incident, workers were reportedly shot at.2 These
complications have led to a significant increase in the
costs of sewage projects, which German agencies are
not prepared to absorb. The German taxpayer, it has
been said, is prepared to pay for infrastructure
projects in Palestinian cities, but not for the ‘costs of
Israel’s occupation’. 

When confronted with this argument, officials
from the Israeli military have stated that German rep-
resentatives have rarely approached them with re-
quests to facilitate access for workers and equipment.
According to the Israeli side, permits for workers can
be issued for speedy passage through checkpoints,
and equipment can be quickly released from Customs
once the military is assured that it cannot be used for

hostile purposes. The Israeli side claims that delays
are unavoidable, but their extent depends on the level
of coordination between the foreign aid agency and
the military. 

Clearly, the conflict situation and the policies
employed by Israel impose severe constraints on the
operation of aid agencies. If projects are to be imple-
mented, a significant investment in daily coordination
must be made. German agencies, however, do not
consider themselves as responsible for such coordina-
tion, and are short of staff for this purpose in any
event. FoEME was told that given that Germany’s
development cooperation is with the Palestinian
Authority, official representatives rarely communicate
directly with Israeli ones.3 

Table 42.2: Planned Palestinian Sewage Projects in the West Bank as of 2004. 

City Donor Costa Project Status 

Hebron/Al 
Khalil

USA $45 M The project is in the planning stages. Agreement over the level of treatment and 
direction of sewage discharge was reached recently. Project was frozen due to 
the security situation, expected to commence next year.

Tul Karem Germany $50 M Currently work is taking place on the rehabilitation of the municipal sewage net-
work and the old sewage treatment plant. Plans to build a new sewage treatment 
plant exist, and Germany has committed to finance it. However, no work has 
taken place to date. Sewage flows across the Green Line, and is treated in an 
emergency treatment plant in Israel.

Jenin Germany $50 M An old, non-functioning sewage treatment plant exists. Plans include its rehabili-
tation, a new industrial sewage facility and a new regional sewage treatment 
plant. No work has taken place at this stage.

Nablus East Germany $20-25 M Plans to build a new sewage treatment plant were cancelled and funds commit-
ted shifted to other projects. 

Nablus West Germany $25 M A new sewage treatment plant has received final approval from the Joint Water 
Committee. No work has taken place to date.

El-Bireh Germany $12 M Germany has built a new sewage treatment plant. Still to be built is a pipeline to 
remove treated effluent. 

Ramallah Germany $10 M There are plans to build a new sewage treatment plant. Rehabilitation of the old 
sewage treatment plant completed, providing a very partial solution. 

Salfit Germany $13 M Following approval of the JWC, German agencies began to build a carrier line to 
a planned sewage treatment plant. After work had begun, it was decided by 
Israel that the planned location, earlier approved, was too proximate to a plan-
ned new neighborhood in the Ariel settlement. Israel compensated Germany 
and work was supposed to continue at a new location. Plans and tender docu-
ments for this project are currently reevaluated in preparation for implementa-
tion.

a. Information obtained from interviews with representatives of KFW (German development funding agency) and
USAID.

2 At the beginning of 2003, the military began to operate
a new division in charge of international organizations
and external relations. It is hoped that this will improve
the military’s internal coordination.

3 Stated to FoEME staff in meetings held with KfW offi-
cials in Jerusalem and in Frankfurt.
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42.4.2 United States of America

The United States Agency for International Develop-
ment (USAID) committed to build a sewage project in
Hebron/Al Khalil. Though plans have been drawn up
and negotiations held with all sides, no physical work
has yet taken place, and sewage from the city contin-
ues to flow down the Hebron River. USAID reports
that it also suffers from additional, conflict-related
costs, estimated at about 25 per cent of project total
costs. USAID reports to have direct and frequent con-
tact with the Israeli military’s District Coordination
Office (DCO). 

The Hebron/Al Khalil Project has been delayed
for other reasons, related to the disagreement be-
tween Israel, the Palestinian Authority and USAID on
aspects of the project’s plans. For a long time, the par-
ties were in disagreement about the required location
as well as levels of treatment of the treatment plant.
Israel insisted that the plant be located on the western
slopes of the mountain, so that wastewater flows
westward down the Hebron stream, eventually enter-
ing Israel across the green line. If the plant was to be
located on the eastern side in Banei Naim, as re-
quested by the Palestinian Authority, Israel insisted
that far reaching and costly measures be taken to pre-
vent pollution of the Hever stream which it claimed
would lead to polluting the springs at Ein Gedi nature
reserve. In addition, locating the project in Banei
Naim encountered objections from local residents.
Recently, agreement has been reached between the
parties, and the plant will probably be located in the
western side of Hebron. 

It appears that these complications and the result-
ant delays in work could have been prevented by
USAID if both the Palestinian and the Israeli authori-
ties were more involved in the planning process from
the outset. The Israeli side noted that had they been
asked to comment on the project’s terms of reference,
for example, before completion of plans, much of the
subsequent dispute could have been avoided.

42.4.3 Israel 

The Israeli Water Commission holds the Palestinian
Water Authority responsible for the stalemate in im-
plementing sewage projects in the West Bank. The
Palestinian side is blamed for its indifference, deceit-
ful conduct and mal intent, which result in no
progress on sewage issues despite the availability of
donor funding (IWC 2002). According to FoEME’s
findings, however, many of the problems concerning

sewage projects are the result of insufficient coordina-
tion between Israel and the donor countries, and Is-
rael could do better in promoting them. 

By pointing at the Palestinians as the sole party at
fault in implementing sewage projects, the Israeli Wa-
ter Commission is ignoring major impediments which
the Palestinian Authority is not able to address, for ex-
ample restrictions on movement resultant from Is-
rael’s military policies. If Israeli authorities were to
closely follow up the implementation of sewage pro-
jects, support donor country efforts and remove the
bureaucratic obstacles that they face, it is likely that
many of the projects would have been implemented
by now. As it stands, however, Israel’s liaison with do-
nor countries on this matter has been left in the hands
of relatively low-level officials, rather than the diplo-
matically trained staff that the situation necessitates.
This is despite the fact that investment of such magni-
tude in Palestinian sewage treatment is in Israel’s di-
rect interest. 

In addition, sewage from many Israeli settlements
in the West Bank continues to flow untreated, con-
tributing to pollution of the Mountain Aquifer. Israeli
settlements do not suffer from restrictions of move-
ment on West Bank roads, and there are no impedi-
ments to building infrastructure there. Nonetheless, it
appears that different requirements apply to settle-
ments and to localities within Israel: most settlements
have highly inadequate sewage treatment, yet their
municipalities do little to address the issue and the Is-
raeli Government fails to enforce its own environmen-
tal laws on them.

42.4.4 Palestinian Authority

The issue of sewage treatment appears to be relatively
low on the Palestinian agenda. In a recent summit of
international donors, the Palestinian Authority de-
tailed its aid requirements, reaching US $ 1.2 billion.
Of these, only US $ 60 million was requested for sew-
age infrastructure (USAID).4 It appears that other is-
sues (for example, humanitarian assistance and water
supply), are treated with greater urgency by the Pales-
tinian Authority, which expresses its preferences to
the donor community. 

4 Statement by Lawrence J. Gumbiner, (First Secretary,
Environment, Science and Technology Affairs, US
Embassy in Tel-Aviv) at a symposium: “Protecting the
Mountain Aquifer”, Tel Aviv University, 17 December
2003. 
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In a letter dated September 2003, high level offi-
cials of the Palestinian Water Authority requested US-
AID to reallocate funds committed to a sewage treat-
ment plant in Hebron/Al Khalil to water supply
projects. Such expressions of Palestinian priorities
have led some donor countries to rethink their alloca-
tion of aid funds, potentially withdrawing their sup-
port for sewage treatment infrastructure. 

Israeli officials have claimed that the Palestinian
side takes a long time to submit plans for sewage
treatment projects in the Joint Water Committee,
thereby demonstrating little interest in promoting
sewage solutions. While FoEME cannot determine
the exact validity of these allegations, correspondence
between the parties does suggest that Israel has had
to urge the Palestinian side to submit such plans. An-
other example is the long period of time required for
the Palestinian side to agree to a Memorandum of
Understanding (MoU) on an acceptable level of sew-
age treatment. Initially, the Palestinian side rejected
the treatment criteria as too costly, They later agreed
to sign the document, however the signing of the
MoU was not brought to the attention of the German
development agency (KfW), which continued to re-
gard the non-agreement over standards as a major ob-
stacle to project implementation. 

42.5 FOEME’S Findings

The building of sewage infrastructure in a conflict
zone such as the West Bank is not a simple undertak-
ing. All sides have blamed the conflict conditions, and
sometimes one another, for their inability to move for-
ward on sewage treatment facilities. The following is
a summary of FoEME’s findings:

42.5.1 General

The vast majority of West Bank Palestinian localities
have no sewage treatment at all. All relevant stake-
holders recognize the importance of protecting
groundwater from pollution. Project implementation
requires intensive investment in coordination between
all parties. Restrictions of movement through military
checkpoints is the main factor causing additional
costs and delays to projects. Should Israel and the Pal-
estinian Authority fail to support donor countries’
sewage treatment projects, an investment in protect-
ing shared water resources to the total value of US $
230 million may be lost. 

42.5.2 Israel

The present coordination of the issue on behalf of Is-
rael is not handled at an appropriately senior level.
There has been inadequate follow-up and support of
donor country efforts on sewage projects by Israel.
Though Israel blames the Palestinians for failing to
implement sewage projects, significant difficulties be-
tween Israel and donor countries could be addressed
irrespective of the Palestinians. The Israeli security
forces are bureaucratic and unorganized. In the past,
Israel conditioned its approval of sewage treatment
projects by insisting that they be connected to settle-
ments. This issue slowed progress on sewage projects
until 1999. Since then, Israel demanded particularly
high standards of sewage treatment in Palestinian sew-
age treatment plants. A mutually acceptable compro-
mise on sewage treatment standards was agreed upon
only very recently. Israeli settlements produce an esti-
mated 25 per cent of the sewage in the Mountain Aq-
uifer. The majority of the settlements do not have ad-
equate sewage treatment. The Israeli Environment
Ministry fails to sufficiently enforce sewage treatment
in settlements.

42.5.3 The Palestinian Authority

The present coordination of the issue on behalf of the
Palestinian Authority is not handled at an appropri-
ately senior level. The Palestinian Authority has
openly stated that water supply projects should take
precedence over sewage projects. While sewage treat-
ment projects are largely on hold, many infrastructure
projects (particularly on water supply) have continued
to move forward in the West Bank. The Palestinian
Authority has, until very recently, refused to accept
the standards of sewage treatment upon which Israel
has insisted. 

42.5.4 Donor Countries

Donor countries prefer to postpone the implementa-
tion of sewage treatment projects, so as to avoid addi-
tional conflict-related costs (25–40 per cent) resultant
from restrictions on movement and imports. Insisting
on peacetime conditions in a conflict zone is not a
realistic expectation. Additional, conflict-related costs
should be included in the planning of projects in the
West Bank. Conflict-related costs can be significantly
minimized by improved coordination between donor
country agencies and Israeli authorities. The working
relationship of German development agencies with
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Israeli authorities is limited and cumbersome. Some
project had to be seriously altered following objec-
tions of the Palestinian and/or Israeli authorities. This
could have been prevented through consultations
prior to detailed planning.

42.6 Recommendations

FoEME believes that solutions to groundwater con-
tamination cannot wait for the end of the Israeli-Pal-
estinian conflict, and all parties must do their utmost
to achieve such solutions even under the conflict con-
ditions. In order to protect the Mountain Aquifer
from sewage pollution, FoEME believes that urgent,
constructive and pro-active steps need to be taken by
all parties: 

42.6.1 Israel

1. It is recommended that the Minister of National
Infrastructures appoint a senior staff member to
advance the issue at the diplomatic and political
levels. This person should invest maximum efforts
to assist donor countries in implementing sewage
projects in the West Bank through, inter alia:
a.) Removing obstacles and administrative barri-

ers to their operations;
b.) Coordinating between them and the Israeli

authorities on work permits and import of
materials

2. The Ministry of the Environment should take
immediate legal action against settlement munici-
palities that fail to implement Israeli sewage treat-
ment standards. 

42.6.2 The Palestinian Authority

In order to protect the Mountain Aquifer from sew-
age pollution, FoEME believes that urgent and key
constructive and pro-active steps need to be taken by
the Palestinian Authority, as follows: 

1. Sewage treatment projects should be promoted
with a similar level of urgency as water provision
projects, applying medium- and long-term fore-
sight. The treatment of sewage in the recharge
area of the Mountain Aquifer is necessary for the
protection of shared Palestinian-Israeli water re-
sources. The aquifer’s pollution will cause massive

humanitarian problems and will be a great burden
on the Palestinian economy.

2. The involvement of the Palestinian Authority and
local municipalities in the planning stages of do-
nor-funded sewage infrastructure can prevent de-
lays at a later stage. For example through examin-
ing and submitting comments on projects’ terms
of reference (ToR), the Palestinian Authority and
local municipalities can voice their concerns on
important issues before completion of detailed
plans. This could prevent disputes at a later stage,
reduce costs and accelerate project implementa-
tion.

42.6.3 Donor Countries

FoEME believes that there are several key steps that
donor agencies urgently need to adopt in order to bet-
ter facilitate the implementation of sewage projects in
the West Bank.

1. In the planning, building and budgeting of
projects in the West Bank, it is necessary to factor
in additional, conflict-related costs rather than
await the end of the conflict before project ad-
vancement. 

2. Investment in intensive, daily coordination with
Israeli authorities can significantly reduce conflict-
related costs. Such cooperation requires:
a.) Designating staff whose primary task would

include coordination of activities with Israeli
authorities.

b.) Submitting lists of the registration numbers of
vehicles and names of workers employed in
the construction of sewage treatment projects,
as well as detailed lists of imported equipment
in advance to the relevant Israeli authorities in
order to expedite the necessary permits.

c.) During the past year, the Israeli Defense Force
(IDF) has created a special division for external
relations and international organizations. Its
services should be used to the greatest extent
possible for the coordination of ongoing activ-
ities.

3. Comprehensive consultation with the Palestinian
Authority and Israel during the planning stages of
projects could prevent later objections. Certain
projects have had to be relocated, and the parties
insisted on significant alterations to the plans,
which could possibly have been prevented had the
parties been informed and allowed to comment
on the plans at an earlier stage.
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42.6.4 Recommendations to all Parties

1. The use of the Mountain Aquifer’s pollution for
propaganda by either Israel or the Palestinian
Authority is damaging. Pollution of the aquifer’s
recharge area originates from both Palestinian and
Israeli sources, and can only be solved through
maximum cooperation between all sides, keeping
in mind the shared interest to protect scarce water
resources.

2. The involvement of Israeli authorities in the plan-
ning stages of donor-funded sewage infrastructure
can prevent delays at a later stage. For example,
through examining projects’ terms of reference
(ToR) and then submitting comments, Israel can
voice its concerns on important issues before the
completion of detailed plans. This could prevent
disputes at a later stage, reduce costs and acceler-
ate implementation of projects.

3. Palestinian villages continue to discharge the larg-
est volume of untreated sewage in the Mountain
Aquifer’s recharge area. Most of their sewage per-
colates into the aquifer through cesspits. Similarly,
several Palestinian cities have no plans or financ-
ing for the treatment of their sewage. Solutions to
these problems should be urgently sought. 

4. Joint research on the threat of pollution of shared
groundwater is of vital importance. Several joint
studies were carried out in the past, but most ex-
perts agree that the issue requires further research.
A joint fact-finding committee, supported by do-
nor countries and consisting of the Israeli Water
Commission and the Palestinian Water Authority,
would advance better understanding as to the im-
pact of untreated sewage already released and
identify priority areas for funding of additional
sewage treatment solutions.

5. Appropriate training of staff for sewage treatment
plants in the recharge area of the Mountain Aqui-
fer should be supported by donor agencies, includ-
ing the possibility of joint Palestinian – Israeli
training activities.

6. The work of civil society NGOs in community
education on transboundary water and sewage
issues and their link to peace-building is of vital
importance. All parties should cooperate with,
and donor agencies support, such efforts in Pales-
tinian and Israeli communities.   
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Abstract

The Lower Jordan River Valley is part of the Dead Sea Transform. From a geological point
of view it comprises a plate boundary between the western African Plate and the southern
Arabian Plate. From a political point of view the area acts as a ‘triple junction’ of three
nations: Jordanian, Israeli and Palestinian.

Along the mountainous belts the average precipitation is 500– 600 mm/y, where 30–50
per cent of the water penetrates the subsurface to the local aquifers. At the Jordan Valley
it drops down to less then 100 mm/y. The subsurface groundwater flow regime direction

1 The authors would like to express their thanks to the German Ministry of Education and Research (BMBF) and to the
Israeli Ministry of Science (MOS) for supporting and funding the project: Water Resources Evaluation for a Sustainable
Development in the Jordan Rift Basin, German – Israeli – Palestinian Joint Research Program. Project Number 2WT
9179/1773.
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is from the mountainous belts calcareous karstic aquifer layers (The Judea Group) towards
the Valley. 

The Judea Group aquifer at the Valley itself was considered deeply-seated and covered by
a thick basin fill young formations and therefore unsuitable for groundwater exploitation.
Newly seismic interpretation reveals several conspicuous structural features, which are of
considerable hydrological importance for this arid zone: The Judea Group water bearing
aquifer layers within the Valley is probably encountered at relatively shallow depth. This
structure could encourage new ideas for water exploitation. Furthermore, the results of
the integrated study suggest that several salt bodies are buried within the basin and are
probably the source of local salination of fresh water. 

Keywords: : Groundwater, geophysical methods, geochemical methods, Dead Sea Rift

43.1 Introduction

The Lower Jordan Valley between the Dead Sea in the
south to Lake Kinneret in the north (figure 43.1) is
part of a NS long dislocation line – The Jordan - Dead
Sea Rift Valley also known as the Dead-Sea Transform
(a segment of the East Africa Rift System, figure 43.2).
Geologically the Rift comprises a plate boundary
between a northern dent of the African Plate to the
west (the Sinai-Israel sub-plate) and the Arabian plate
to the east. Politically speaking the study area is a ‘tri-
ple junction’ or a meeting area of three nations – Jor-
dan, Israel and the Palestinian Authority.

The investigation area is subdivided longitudinally
into three N-S belts: the Jordan Valley depression in
the center and two mountainous belts on both-sides,
the Jordanian east side and the Israeli-Palestinian west
side. The mountainous belts get an average annual
precipitation of about 500–600 mm, where 30–50 per
cent penetrates down as groundwater. The topo-
graphic altitude of the remarkable NS deep central
depression – the Jordan Rift Valley varies between –
200 m B.S.L. in the north (Lake Kinneret) to –415 m
B.S.L. to the south (The Dead Sea). The average an-
nual precipitation is 100 mm and less.

43.2 Geology and Hydrology

The groundwater flow is from the two mountainous
belts towards the Jordan Valley in the center. The hide
and seek game between geological factors and
groundwater flow in the area is still under study. Two
factors affect the groundwater regime, the lithostratig-
raphy and the structure. Table 43.1 presents the gen-
eral stratigraphic column relevant to the study area
and its hydrogeological characteristics. The most im-
portant aquifers are the Kurnub, Judea (Ajlun), Tibe-
rias and the Dead Sea (Jordan Valley) Groups. 

The main structural element in the mountainous
area is the Syrian Arc fold belts (figure 43.2), a com-
pressional response to the closure of the Tethys and
the collision of the African and Arabian Plates with
the the Euroasian (the Anatolian) plates. This fold sys-
tem has a wide geographic distribution all over the
area.

The geology of the Jordan Valley in the study area
is ambiguous. First because of the complexity of Rift
system itself and associated faults and second because
the entire rock mass is covered by young sedimentary
fill. Interpretation of available seismic sections reveals
several conspicuous structural and stratigraphic fea-
tures, which are of considerable hydrological im-
portance. The Judea Group aquifer is encountered at
relatively shallow depth, which varies from a few hun-

Figure 43.1: Location Map of the Study Area, the Lower
Jordan Valley. Source: Hall 2000



Potential Use of New Geological Findings for Water Exploitation in the Lower Jordan Valley 429

dred meters in the west (east of the Cretaceous out-
crops) to more then 1000 m in the east close to the
Jordan River (figure 43.3). 

The analysis of seismic evidence suggest that this
10 km long and 700 m thick body is probably com-
posed of interbedded evaporates and clays and thick-
ens eastwards (figure 43.5). The results of this study
are in agreement with the study of Kashai and
Crocker (1987) as well as preliminary seismic interpre-
tation done in Jordan (El Zoubi, personal communi-
cation). The inferred existence of the salt body
matches the occurrence of Zaarat Qurein salt diapir
(Belitzky/Mimran 1996). The interpreted structural
and stratigraphic features enable better evaluation of
the hydrological regime and salinization processes.

Table 43.1: Hydrostratigraphic Chart of the Lower Jordan Valley and its Margins. The second name in the Group column
is the group name prevailing in Jordan. Source: Anker 2007

AGE GROUP LITHOLOGY THICKNESS HYDROLOGY

Quaternary Dead Sea 
Jordan Valley

Fine and coarse clastics inter-
fingering with chalk, marls, gypsum

0–200 Local Aquifer

Neogene Tiberias Clastics, volcanics and evaporites Nil on the shoulders to a few 
thousand meters in the Rift 
Valley

Aquifer

Eocene Avdat, Belqa Coarse karstic limestone and chalk Up to 500m Aquifer

Early Tertiary 
Late 
Cretaceous

Mt. Scopus 
Belqa

Chalk and marls 200–400m Aquiclude

Mid 
Cretaceous

Judea, Ajlun Karstic limestone and dolomite 800m Main aquifer

Early 
Cretaceous

Kurnub Mainly sandstone, volcanics 400-500 Aquifer

Figure 43.2: A location Map of the Jordan-Dead Sea Rift
Valley also Known as the Dead-Sea
Transform, a Segment of the East Africa Rift
System. Source: Garfunkel 1988.
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43.3 Flow Mechanism

This chapter is focused mainly on the west side of the
Jordan Valley. This mountainous belt is built of a se-

ries of asymmetric folds (figures 43.2 and 43.3) and
small undulations forming secondary structures. The
area is characterized by intensive fault systems in E-W
to SE-NW directions. These fault systems form

Figure 43.3: A Seismic Interpretation Presenting the Judea Group Aquifer Encountered at Relatively Shallow Depth in
the East Close to the Jordan River. Source: Anker 2007

Figure 43.4: An Interpretation of a Seismic Data Presenting Elements of ‘Flower Structure’ Fault System at the Judea
Group Level, Suggesting Lateral Displacement. Source: Anker 2007
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grabens, horsts and step structures. The faults are asso-
ciated with the creation of the Jordan Rift valley. The
faults allow hydraulic connections between sub aquifers
(Upper and Lower Judea Group aquifer) and ground-
water can flow from one sub aquifer to the other.

In some places, the fault system raises the base of
the aquifer above the regional water table and create
local barriers to the groundwater that naturally flows
downstream towards the Rift Valley. The Judea Group
aquifer, with a thickness of about 800 to 850 m, com-
prises two sub-aquifers. Groundwater flow is also gov-
erned by the geological structure of the area, i.e.
uplifting of the secondary anticlinal axes, as well as
flexures and fault systems (figure 43.6).

The water level near the anticline axis is around
+300 m3. The water levels descend eastwards in the
direction of the Jordan Valley and the Dead Sea and
close to the foothills the water levels between the re-
charge area and the foothills area is around 600 m3

on a distance of about 8 km. This means a very steep
gradient (about 7 per cent in an average). In order to
account for such high flow gradient, a huge amount
of rainfall and recharged areas are needed. Data avail-
able about the average rainfall and study of the re-
charged areas shows that such volume of the water
does not exist in the area. In this case the volume of
the groundwater within the aquifers cannot account
for a high and constant flow gradient. 

A series of hydrological barriers is needed to
account for the high water levels in the higher areas of
the aquifer and the low water levels in the lowermost

area. These structural elements (figure 43.6) are cas-
cades and locations where the base of the aquifer is
above the regional water level (hydraulic barriers).
The groundwater flow from west to east probably fol-
lows these geological cascades and the hydraulic bar-
riers. The Cascades like structure is the result of the
asymmetric geological structures crossing the area. In
these asymmetric anticlines the eastern flank has a

Figure 43.5: An interpreted seismic line presenting a lenticular shaped sedimentary body located east of Auja. The
analysis of seismic evidence suggest that the body is probably composed of interbedded evaporates and
clays and thickens eastwards. Source: Shulman/Flexer/Guttman/Yellin-Dror/Rosenthal/Anker 2003

Figure 43.6: Geological Map of the Study Area Showing
the Main Structural Elements. Source: Sneh/
Brtov/ Rosensaft 1998 and Anker 2007
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steep dip creating a flexure. The flexure (cascade)
area is of low permeability, which causes a water level
drop in the eastern lowermost areas of the flexure.
The flow gradient in the uppermost areas of the flex-
ure is relatively moderate. Another structural element
that influences the flow regime is the hydraulic barrier
that coerces the groundwater to bypass them and to
flow in individual paths into the Rift Valley.  

43.4 Summary and Conclusions

The geology and the hydrology of the Lower Jordan
Valley is ambiguous. The combination and synthesis
of three research approaches (surface geology, drill
holes and geophysics) enable an educated hypothesis
of how and where water exploitation can be done.
The results of this chapter reveal that the Judea Group
aquifer is encountered at relatively shallow depth
within the rift itself, an area that was never considered
appropriate for water exploitation. This new discov-
ery enables drilling for new potential water resources
in this arid zone. 

Furthermore, two salt bodies occurred in the
study area (Auja and Zaharat Qurrin), probably acting
as the source for fresh water salination. It should be
pointed out that the occurrence of salt bodies along
the Rift Valley is well established (figure 43.7). 

The geographical distribution and the geohydro-
logical location of the salt bodies as well as their
geometry and dimensions are essential for conducting
an efficient water management. 
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Abstract

International agencies, international non-government organizations (NGOs) and local
NGOs all play a significant role in providing water and public health services in Palestine.
Some also do much more, but this is infrequently recognized. Some agencies complement
the activities of the governmental Palestinian Authority (PA) agencies in response, advo-
cate for policy change or implementation, and serve in a civil society role: One example
of the inter-relation of these various roles is the Emergency Water and Sanitation- Health
(EWASH) Committee.

The EWASH Committee brings together the resources and representation from the Pales-
tinian Water Authority (PWA), UN Agencies, Palestinian and international NGOS. Ini-
tially, the EWASH Committee enhanced NGO response capacities through coordinating
activities and information flows between geographically and organizationally disparate
players. However, as the needs of the situation have changed it has also engaged as a
‘humanitarian protection’ agency – i.e. an agency challenging the Palestinian ministries to
take up their responsibilities, and, when the need is beyond the state’s resources or scope,
providing an opportunity for other (non PA) agencies to fill the gaps. In taking up this role
as a ‘protection agency’ the EWASH Committee has developed beyond its original role as
an information-clearing house to a position within civil society where it both represented
social interests and facilitates the work of Palestinian government agencies

Keywords: Civil society, humanitarian protection, international NGOs, Israel, Palestine,
water 

1 The opinions in this article are the opinions of the author alone and do not represent the opinions, values, policies or
current practices of Oxfam GB, Oxfam International nor the current or past members of the EWASH Committee.

2 This paper was delivered before the election of Hamas to the Palestinian government and the subsequent collapse of
relations between the Government of Israel and Palestinian representative structures. It is therefore historic, rather than
current, reflecting also the departure of the Author from the role, region, and field. 
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44.1 Introduction

The Emergency Water and Sanitation- Health
(EWASH) Committee is a loose coalition of actors
providing an open forum for all interested stakehold-
ers to share information on the water and sanitation
(watsan) sector in the Occupied Palestinian Territo-
ries. It is not a decision-making body but it does serve
an interesting role mediating between the PWA and
the NGO community. As such it takes on, perhaps un-
wittingly, a role as a ‘protection agency’ within the
Palestinian civil society. This presentation is intended
to present: the history and development of EWASH
(44.2); EWASH as a humanitarian protection agency
(44.3); EWASH within civil society (44.4); EWASH in
practice (44.5); and a few thoughts on the possible fu-
ture development of the EWASH Committee in the
future (44.6).

44.2 History and Development of the 
Emergency Water and Sanitation/ 
Health (EWASH) Committee

Israeli damage to civil infrastructure peaked in May
2002. A lot of water and sanitation infrastructure was
damaged by Israeli Military and Para Military action;
entire communities were under strict curfews and ci-
vilians were unable to leave their homes, buy food, or
collect water, etc. In particular, local NGOs, the Pales-
tinian Water Authority (PWA) and municipal workers
were unable to get out and survey and repair the pipes
that had been deliberately ripped up. There was an
acute humanitarian crisis. The EWASH committee
was formed in response to that crisis.

44.2.1 The Problem

In the immediate aftermath of the violent cycle
inspired by the Intifada, several NGOs sought to
respond to the needs of the population. There were,
however, many problems. 

• Information – accurate and timely- was hard to
come by and so hampered an effective and ef-
ficient response.

When NGOs responded to municipalities and loca-
tions that called for their assistance, they ended up by
traveling all over the country. At a time when there
were most checkpoints and travel restrictions, NGOs
trying to respond found themselves trying to cover
the most distances.

Many village councils, in their desperation, called
more than one NGO for assistance: Consequently
multiple NGOs found themselves responding to the
same emergency in the same location with the same
sort of resources, resulting in a traffic jam of NGO
trucks. 

• Some NGOs were called to assist in situations out-
side their expertise or experience- but did not
know where to turn to find the appropriate assist-
ance.

• NGOs found themselves being traded off, one
against the other: Agencies are often torn between
wanting to help community members, and their
universal experience that, if support is not met
with a meaningful contribution from the benefici-
ary, it is undervalued. NGOs are also under signif-
icant external pressure to distribute aid, so canny
village councils and municipal leaders found them-
selves in a ‘sellers market’ and able to trade off
NGOs to reduce the community contribution.
This was to the overall detriment of the country as
a whole and the projects’ long-term effectiveness
in particular. 

• NGOs (including International NGOs) were meet-
ing the needs of the population, but were not
informing the PWA of their activities. Accordingly,
when the PWA went to the Joint Water Commit-
tee, the Israeli party knew more about the NGO
activities than the nominal Palestinian Regulator.
This led to problems in the negotiations, to the
long-term detriment of the people the NGOs were
trying to help. This is dealt with in more detail
below.

44.2.2 The Solution

In the summer of 2002, the ‘watsan’ agencies formed
the Emergency Water and Sanitation/ Health
(EWASH) Committee with the intention of: a) shar-
ing information on the damage and needs; b) improv-
ing programming through sharing information on
projects, problems, innovations, etc.; c) sharing infor-
mation on a geographical basis i.e. informing NGOs
in the sector as to which agencies are operating in
which areas- encouraging ‘clustering’ whereby agen-
cies work in a few connected locations, and not dis-
persed ones; d) sharing policy level debates- leading to
a harmonization of designs, costs, and beneficiary
contributions; and e) informing the PWA of the pro-
posed activities of the NGO community and inform-
ing the NGOs of the long term strategic, operational
and tactical plans of the Water Authority.
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44.2.3 EWASH Committee Composition and 
Membership

Clearly, the strength and usefulness of EWASH is
dependent on the size of the membership. 

Past and Current Membership has varied between a
handful and about 20, although more and more agen-
cies seem to be represented each time. A full member-
ship list comprises some 40 organizations. It covers
most international (INGOs) and Palestinian NGOs
(PNGOs) active in the sector. Some of these organiza-
tions are very small and local, but often the smallest
NGOs have been attending because it is more impor-
tant for them to coordinate with other agencies than
it is for United Nations Development Program
(UNDP), etc. At present UN agencies are represented
through the United Nations Office for Coordinating
Humanitarian Activities (UNOCHA) and the United
Nations Refugee and Works Agency for Palestine
(UNRWA), while UNDP has been kept informed
through the minutes. The PWA nominally has ob-
server status on the committee but in fact their partic-
ipation is key: Not only are the committee members
seeking to coordinate their activities with each other,
but also seeking to ensure compatibility with the
wider/ longer-term strategy of the PWA. 

Chair. This position has been held by the Oxfam GB
Water and Sanitation Program Coordinator. Apart
from the geographic scope of Oxfam’s programs and
the expertise that can be called upon from other situ-
ations elsewhere there is little reason why this should
be preserved. There are suggestions that EWASH
should be co-chaired by a Palestinian NGO and, in
fact, the 2005/6 chair of EWASH is the Palestinian
Hydrology Group.

44.2.4 Results of the EWASH Activities 

The activities of EWASH have resulted in an overall
more effective and efficient response to the emer-
gency needs. The initial activities comprised collecting
and sharing information, and coordination of the ac-
tivities of the independent agencies. 

Information Collected. 

A water, sanitation and hygiene database, funded by
Oxfam GB, has been run by the Palestinian Hydrol-
ogy Group and is available at: <www.phg.org>.

Information Shared. 

EWASH has provided a regular forum at which infor-
mation may be shared and enabled a mutual updating
of agencies on project progress, sources of materials,
contractors, outstanding needs, experiences etc. This
enabled NGOs to improve their effectiveness and en-
sure ‘joined up implementation’ such that results of
one project are complementary to another. 

An important element of the information sharing
was the empowering of the Palestinian negotiating
team in the Joint Water Committee (JWC) such that
they have as much or more information of water activ-
ities on the ground as the Israelis.

Actions Coordinated. 

The scope of information passed through the
EWASH committee focused on the technical and geo-
graphic areas, but also touched upon program devel-
opment and implementation methodology. Examples
would be a presentation of the ‘technical details of
household sewage treatment plants’ and an initiative
undertaken to coordinate household cistern sizes,
costs and prices. 

The EWASH forum also enabled NGOs to set
their priorities in coordination with the strategic pro-
grams of the PWA and PA in general. EWASH and the
NGO community maintain their independence, but
sought to ensure firstly that there was no duplication
between providers, and also that the activities of
NGOs complemented, wherever possible, the plans
of the government agencies responsible for water and
sanitation. One case in point is where communities
seek rainwater cisterns, but are about to be connected
to a main supply; a community storage facility for
piped water would be more appropriate and should
be considered when considering options for reducing
the impacts of the [artificial] water shortages

Information collated through this forum also led
to the identification of lobbying issues; information
on violations is provided for agencies to follow-up
both with their program and with their advocacy pro-
gram. Working together on advocacy issues provided
more weight than working individually. 

44.3 EWASH and Humanitarian 
Protection

The EWASH committee plays a wider role than just
an information clearing house. It also serves as a
Humanitarian Protection Agency, thus including the
broader role of NGOs in humanitarian situations. 
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44.3.1 Defining Humanitarian Protection

‘Humanitarian protection’ is, according to Oxfam GB
doctrine “the challenge of making states and individu-
als take up their humanitarian responsibilities and fill-
ing in for them as much as possible when they do
not”. It is an approach that brings together different
aspects of humanitarian response – from civil society
building and advocacy to capacity building and direct
assistance – rather than a specific set of activities.

Protection and the ‘rights based approach’. 

At the same time, many NGOs take a ‘rights-based ap-
proach’ to humanitarian response. This recognizes
that people affected by crises not only continue to
have rights under national and international law, but
that states and individuals continue to have duties at
multiple levels.

These rights and duties have crystalized into a
humanitarian system (see figure 44.1) which operate
both formally and informally at multiple levels. The
system aims both to protect people from coming to
harm during a crisis (shields) and to cope with its

consequences (safety nets). NGOs taking this
approach see their overall role is to help this system
function more effectively. This implies that a coherent
humanitarian response will not only provide material
assistance but also deliver policy and practice changes
at some or all of the levels in order to secure sustain-
able humanitarian assistance and protection for those
affected by conflict or disaster.

44.3.2 EWASH as a Humanitarian Protection 
Agency

In looking at the role and functions of EWASH as a
humanitarian protection activity we need to ask a few
key questions: Is this a Humanitarian Issue? Are there
people, affected by crises, who have their rights under
national and international law abused? Are States and
Individuals taking up their responsibilities? Does this
require a coherent humanitarian response and provide
material assistance as well as deliver policy and prac-
tice changes?

Figure 44.1: "Shields and Safety Nets as a Mechanism for Coping with Disruption. Oxfam GB, 2004.
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Is this a Humanitarian Issue? 

When a population has neither the quantity nor the
quality of the water for domestic or agricultural use
then I would argue this is a humanitarian issue (see
UNOCHA Consolidated Humanitarian Appeal docu-
ment).

Are there people affected by crises who continue to
have their rights under national and international
law abused? 

Civilians and their rights to life and water need to be
protected from the actions of the occupying power
and their agents (i.e. Israeli settlers). Israeli armed
forces have cut off water supplies, prevented mainte-
nance crews from undertaking their legitimate activi-
ties, and enabled the discharge of garbage and un-
treated wastewater into the catchment areas of
neighboring villages. The quality of most water no
longer meets World Health Organization (WHO)
drinking water standards. The UN Special Rappor-
teur on Food has placed the remediation of this situa-
tion firmly as a responsibility of the Occupying Power.
So yes, it is agreed that there are people who continue
to have their rights under national and international
law abused.

Are states and individuals taking up their responsibil-
ities? 

The Oslo II accords granted Palestinians limited re-
sponsibility and authority over water activities in the
West Banks and Gaza. However ‘any water activity’
undertaken by the Palestinians has been constrained
by Article 40. The ability of Palestinians to take up
their responsibilities is further hampered by their
physical inability move about the disputed territory.
Therefore, the “State” [and individuals] can be said to
be being precluded from taking up their full nominal
responsibilities.

Humanitarian Responsibilities of the Israeli Occupy-
ing Power. 

Another perspective is to regard the Israeli Occupa-
tion of West Bank and Gaza as not being mitigated by
any agreement with the PNA: The argument goes
that, until Occupation ends, the entirety of the re-
sponsibilities of the Occupier remains. The Israeli
government appears to bend the spirit, if not the
terms, of the treaty. The agents of the government
create and then exacerbate damage to water and san-
itation infrastructure. Examples include Rafah, Deir
Sharaf, Madama, South Hebron, etc.

Does this require a coherent humanitarian response
that will not only provide material assistance but also
deliver policy and practice changes? 

It is estimated over US $ 6 million is spent annually by
INGOS in the sector merely trying to prevent further
decline. It is clearly important that this money is spent
wisely: It has the potential for providing significant
and permanent benefits to the population, or it can
be frittered away on short term ill advised projects
that work against each other. The physical humanitar-
ian projects must therefore be coherent to be truly ef-
fective.

This need for coherence extends beyond the phys-
ical response of delivering water and sanitation infra-
structure. There has been a demonstrated need for
the Palestinian ministries to take up the range of their
responsibilities. However, some policies appear non-
existent, duplicative or contradictory. Highlighting
the policy gaps and overlaps, while complementing
the “state” agencies is one role taken up by NGOs. In
some cases the INGO world, through EWASH, is able
to bring a fresh perspective and expertise from similar
situations elsewhere in the world to the benefit of the
affected population. 

In summary, the manner and context in which
EWASH operates indicates that it meets all criteria for
a ‘humanitarian protection agency’. It, or its compos-
ite members, provide material assistance and also en-
courage policy and practice changes at a range of lev-
els in order to secure sustainable humanitarian
assistance and protection for those affected by con-
flict or disaster. .

44.4 EWASH and Civil Society

The EWASH committee plays a wider role than just
an “information clearing house” and a “Humanitarian
Protection agency”. In encouraging policy and prac-
tice changes it also plays a role within Palestinian Civil
Society.

44.4.1 What is ‘Civil Society’? 

UNDP’s definition of civil society is a useful begin-
ning:

... Civil society is the sphere in which social movements
become organized. The organizations of civil society,
which represent many diverse and sometimes contradic-
tory social interests, are shaped to fit their social base,
constituency, thematic orientations (e.g. environment,
gender, human rights) and types of activity. They
include church related groups, trade unions, coopera-
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tives, service organizations, community groups and
youth organizations, as well as academic institutions and
others (UNDP 1993).

Civil society is independent of the state and market
and characterized by non-profit, voluntary organiza-
tions such as NGOs (Barber 1998; Dionne Jr. 1998;
Hall 1992; Van Til 1988). Civil society is important in
its ability to fill the inadequacies of liberal representa-
tive government or representative democracy and it is
important to make democracy work. Civil society be-
comes the key variable for explaining the success of
democratic government. Civil society covers various
aspects of voluntary associations such as NGOs who
are the interlocutors for stakeholders and interest
groups. Typical key interests are the effective delivery
of public services, such as the major interests of all in-
volved in the water and sanitation sectors. An active
civil society in these areas can lead to better institu-
tional performance.

Historically, a wide variety of third parties have
been involved in carrying out government functions
when the government cannot act (Salamon 1995).
Some NGOs are notable for their efficiency and rec-
ognized as a key participant of current and future gov-
ernance models due to their flexibility and cost effi-
ciency (Miranda/Lerner 1995). NGOs can be involved
in civil society and collective decision-making through
arguing, bargaining and voting (Elster 1998). The dis-
cussions can overcome the weakness of NGOs as they
seek to further their own advantages or benefits with-
out deliberation (Habermas 1989). Thus, civil society
can lead to the development of democracy by mediat-
ing between citizen and state, by articulating citizen
interests to government. EWASH illustrates this over-
coming of such insulation and enables collaboration
among all stakeholders in a collective decision making
process.

44.4.2 How does EWASH Fit into the ‘Civil 
Society’? 

EWASH and its members represent many diverse and
sometimes contradictory interests in the social
sphere; EWASH members are certainly interested in
the success of the government and better institutional
performance, specifically in the fields of public serv-
ice delivery, community policing, and health care serv-
ice. The forum provides an opportunity for interests
and expertise to flow vertically between the stake-
holders-and horizontally between bodies seeking to
represent these stakeholders. Although fiercely com-
petitive when seeking grants and support for pro-

grams, to date the debate between EWASH members
when considering their ultimate beneficiaries is char-
acterized by a deliberative, collaborative, and altruistic
approach. Interestingly, the PWA has singled out the
NGO sector as one of the agencies most responsible
for the delivery of water and sanitation services. 

44.5 EWASH, Humanitarian 
Protection and Civil Society

How do these themes come together? How does this
forum of Palestinian and international NGOs see
their activities in meeting the duties of a humanitarian
actor and their role in civil society? 

The EWASH Committee started as an ‘informa-
tion clearing house’, took on a role as a ‘humanitarian
protection agency’ and plays a role within Palestinian
civil society. EWASH members provide material assist-
ance- that much is clear- but it is their modus operandi
that is interesting: EWASH members work together in
these themes in an informed and organized manner,
and they do it well. EWASH as a body also encour-
ages policy and practice changes: As such its functions
fill the inadequacies and try to make democracy work.
EWASH also provides an opportunity for the con-
cerns of the grassroots to be collected, collated, and
presented to the agency or agencies responsible mak-
ing coherence out of voices of disparate villages.

44.5.1 What Does it Mean in Practice?

44.5.1.1 Contamination of Tankered Water

Background

When the Israelis enforce their tough restrictions on
the movement of water tankers to needy communi-
ties, NGOs become involved in running, or otherwise
supporting such water tankering. They do this for two
reasons: 

One is to provide a subsidy to compensate for the
costs of closures (where roads are physically ripped
up, forcing long, expensive, detours), extensive road
blocks (where tankers may be held for hours and
hours, reducing the number of delivery runs that can
be made, and thus obliging the driver/operator to
raise the price per M3 in order to make a living).
These policies drive the price of water so far above
the ability of impoverished communities to pay that
a)water use is reduced to levels below that required
for safe sanitary behaviours and b) non-potable water
is used for drinking and cooking. 
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The second reason is the “protection” provided by
identifying a specific tanker as being connected to an
International NGO or the ICRC (Red Cross). Soldiers
at the checkpoint soon become aware that gratui-
tously holding back such trucks will have ramifica-
tions beyond intimidation of the truck driver. The
connection to the wider world is strengthened, calls
may be made to the soldiers superiors, to interna-
tional (UN and other) Rapporteurs, and to the Me-
dia. 

But even in the best of times, tankering water is
not a problem free operation: Water user groups, vil-
lage and local councils have reported incidences of
water born disease and in one case in point, tests
revealed that the water being trucked was contami-
nated. The contamination was traced to several possi-
ble sources: poor quality water being used to fill the
tanks, poor quality tankers, and/or poor practices
being used by the tanker drivers.

EWASH Actions. 

This issue and these findings were raised within
EWASH. As a result, a program of tanker driver train-
ing was initiated and a commitment was made that no
NGO member of EWASH would use a tanker driven
by a driver who has not been through the training. 

In addition, a cross-portfolio working group was
formed bringing together the Palestinian Department
of Motor Vehicles (who register the water tankers),
the Ministry of Local Government (in whose munici-
pal areas the water was collected), and the PWA (who
is responsible for regulating water quality). This group
sought to develop policies that water sold as potable
is, in fact, potable.

44.5.1.2 Chlorination 

Background

The key goal of most agencies involved in EWASH is
to provide potable water at affordable prices, essen-
tially to fill the humanitarian gap left between the re-
sponsibility of the occupying power and the capability
of the civil (Palestinian) powers to meet the needs of
the population. Clearly water quality is a key element
of the information needs of these agencies.

The agency charged with regulating water quality
is the PWA, but a number of other agencies have test-
ing kits to enable them to identify common pollut-
ants. One of the reports to come out of the water-
monitoring program is the widespread lack of resid-
ual chlorine at the point of consumption. Residual
chlorine provides a degree of protection from the

most common contaminants, and is the first line of
defense against water borne diseases.

The core of the issue appears to be on two scales.
Water supplied by the bulk supplier (the West Bank
Water Department) was chlorinated and so there was
a degree of protection for these consumers. Most
consumers, however, rely on local sources and, al-
though a number of chlorination stations had been
provided, few were still functioning. Therein lay the
concerns.

This has been attributed to a) rural populations
and village councils not fully understanding why they
had to treat their water and so b) not treating the is-
sue with the severity it deserves, c) effects of Israeli
curfews and closures on ability to make enough
money to pay for water treatment consumables or
maintain the dosimeters. 

Where the issue was taken seriously it was often
not done properly, supplies of consumables were hard
to come by (especially when the transition from Chlo-
rine gas to liquid is concerned); there was confusion
over which methods and concentrations were ap-
proved; i.e. it was reported that communities were us-
ing, either through force majeure, or through igno-
rance, ‘non-potable’ chlorine. This detergent chlorine
had noxious trace elements and was poisoning the
population.

EWASH actions. 

EWASH played its role in Civil Society and expressed
the concerns of the population. It also put on its Pro-
tection Agency hat, and encouraged the PWA to
establish a chlorination task force to define a national
policy and ensure the concerns of all stakeholders are
heard. That process is ongoing.

44.5.1.3 Water Quantity

According to the OSLO 2 treaty ‘all water activities’
are subject to the Joint Water Committee (JWC). As
almost all agencies in EWASH are involved in supply-
ing water and sanitation infrastructure, most are
severely constrained by its strictures. As NGOs seek-
ing to meet a humanitarian need with limited funds it
is galling to be diverted away from the efficient solu-
tion of problems to those activities that fall beneath
or beyond the view of the JWC. As a result, EWASH
members consider Article 40 of Oslo 2 as the most
potentially egregious element of the treaty. 

One issue of concern was the sporadic nature of
the JWC meetings: when they do meet it is not un-
known for them to be considered ‘complete failures’-
at least by the Palestinian counter party. For example
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on 4 June 2003 it was reported that no approvals were
given, no new wells were approved, no more wells
were to be licensed, and all aquifers in the West Bank
were to be considered closed to Palestinian access. 

Worse still is the cancellation of a series of consec-
utive bilateral meetings, leaving one side in an artifi-
cial drought. One quoted reason for such meetings to
be cancelled is the apparent inability of PWA to regu-
late, or even be informed of, relevant water activities.
The argument goes that, “If the PWA is unaware of
the activities of EWASH members, but the Israelis are
monitoring EWASH member activities, then the Israe-
lis interlocutor is effectively handed the opportunity
to accuse the Palestinians of negotiating in bad faith,
and leave the negotiating table”. This is clearly to the
detriment of the Palestinian side, and the population
that the EWASH members are charged with assisting. 

However, the EWASH committee is a committee
of peers, with the chair having no authority: But
through the discussions around the EWASH table,
members recognized the ‘disempowering’ effect on
the PWA of leaving them in the dark with regard to
their activities. Members may have major concerns re-
garding implication that NGOs would then “be work-
ing to the direction of the PWA” and thus giving up
their independence/NGO status. However it was
soon realized that the costs of any loss of “independ-
ence” would be borne by an extremely vulnerable
group - as the PWA would be unable to argue effec-
tively in the forum where an increase in the allocation
of resources might be argued. 

There were grave concerns that this extra step
would slow and limit the capacity of NGOs to re-
spond to the needs of the community. Through
EWASH a compromise was reached whereby the
PWA was informed of what is going on. It is under-
stood that the PWA then informs the Israeli inter-
locutor on the understanding that ‘no reply means no
objections’ and a situation was reached where coordi-
nation with the PWA was of immense value on a
number of levels, not least an opportunity for NGOs
to complement the huge USAID etc investments in
new pipes and new wells.

(Author’s note: It should be noted that this refers
to the time before the election that brought in Hamas
as the representative of the Palestinian people. There
has since been a complete breakdown in communica-
tions between the two parties and the retraction of
funding commitments from the US government).

44.5.2 Lobbying and Advocacy

The members of EWASH are linked to governments
through the UN and donor agencies which support
them. EWASH therefore has had the opportunity to
raise issues as individual agencies, and to inform those
with whom it has close and funding relationships.
This may, or may not, have been useful when it lob-
bied to have the stalled JWC meetings restarted. It
may also have been useful when problems such as the
proposed siting of a waste dump on a wellhead in Na-
blus was considered. In both cases, NGOs lobbied
widely, as EWASH members and as individual agen-
cies.

Advocacy also happens when EWASH is invited to
explain the breadth and depth of water issues in the
Occupied Palestinian Territories (OPT) to the [UN]
Operations Coordination Group. EWASH also con-
tributed their combined wisdom and experience to
the formulation of the Consolidated Humanitarian
Appeals Process that goes out to the heads of govern-
ment at the UN. 

44.5.3 Current Activities 

The EWASH Committee fulfils all roles noted above.
Currently EWASH has been using the forum to coor-
dinate its activities. Recently NGOs and agencies
working in South Hebron and Gaza have been using
the EWASH forum to coordinate their response to
the destruction of water resources in these areas. 

EWASH continues to bring the voices it hears in
its activities at the grassroots to the attention of the
‘powers that be’. As individual agencies and members
of the committee EWASH continues to contribute to
OCHA’s Consolidated Appeals Process and it has
ongoing sub committees looking at policies on chlo-
rination and tanker regulation, etc. 

44.5.4 Future Role

EWASH will continue to progress along the path laid
out: it is reasonable to expect a degree of regional re-
sponses such as that experienced in Hebron. How-
ever, the overall role of the ‘information clearing
house’ will be maintained and complement the knowl-
edge of the PWA. EWASH as a ‘humanitarian protec-
tion agency’ will continue to encourage policy and
practice changes wherever it comes across them in or-
der to secure sustainable humanitarian assistance and
protection. As such it will also continue to play a role
within Palestinian Civil Society- and this will be
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strengthened by the widening links to Palestinian
NGOs. It has not, considered the interrelationship
with the future water governance institutions.
Whether, or how, EWASH should fit into the pro-
posed national water council remains to be seen. It
would be a shame if the resources and energy of its
members would be wasted. 

44.6 Summary 

EWASH was widely recognized as a positive contribu-
tion to effective coordination between the PWA,
NGOs and other actors in the provision of water and
sanitation in Palestinian communities. What was not
so widely appreciated was that it played so many roles
in the formal and informal institutional structures
within the Occupied Territory. 

The activities of EWASH evolved over time and as
conditions permitted and demanded. It has trans-
formed from an ‘information clearing house’, a ‘hu-
manitarian protection agency’ and/to a part of Pales-
tinian civil society. These roles and emphases of the
committee will continue to evolve as the demands
placed upon NGOs change and as the context
changes. During the period under consideration the
EWASH Committee clearly filled an important set of
roles and was flexible enough to serve an important
role as the parameters of that niche changed. 

44.7 Appendix 1: The Humanitarian 
Emergency in Water

Palestinians have faced severe difficulties accessing
safe water. Repeated IDF incursions have resulted in
the destruction of water and sanitation infrastructure,
and access restrictions have prevented Palestinians
from reaching water supplies. Palestinian Authority re-
sources are being diverted into repairing damages
rather than maintaining the water and sanitation net-
work. Contamination of water supplies has increased
as a consequence of degraded infrastructure, in-
creased use of tanker water and the inability of the
Ministry of Health to monitor water quality (World
Bank 2004). Communities are surviving on less water
– average Palestinian consumption per capita in the
West Bank is between 30 -60 liters per day (including
water losses), compared to 220 liters in Israel.

This emergency in the water sector continues to
affect peoples’ health and livelihoods in the occupied
territories: It is not a natural phenomenon but rather
an artefact of the occupation and the inequitable dis-

tribution of water between the two parties. The
humanitarian crisis in the water sector results from
the impact of the occupation on all stages of the
water cycle: 

The quantity of water per capita available for con-
sumption has been reduced by un-repaired destruc-
tion and deterioration and the widening gap between
increases in demand and stationary or reducing sup-
ply.

The quality of water is affected both by the unreg-
ulated discharge of waste water from both Palestinian
and Israeli camps and settlements in the West Bank
and run off from the garbage that is no longer be dis-
posed of properly (due to the restriction on move-
ment, or indifference, respectively). This untreated
wastewater enters the water cycle through ground-
water, percolates down to the aquifer and re-enters
the supply of drinking water. Treatment of water be-
tween the wellhead and the household tap is depend-
ent on treatment stations, and these have been de-
stroyed during incursions, rendered useless due to
lack of access to supplies and spares. 

The use of these reduced quantities of poor qual-
ity, expensive water requires specific skills and knowl-
edge- this is not universally present. Inappropriate
practices result in higher incidences of disease.

That is why there is a humanitarian imperative to
be involved in the water sector in the Occupied Pales-
tinian Territories.
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