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Management of Resources/ Finance/ Distribution

District
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Advisory & Facilitator
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Disaster Development
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Sustainable
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Securities
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Health & Job availability
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Social & Governmental support

Self resources / Management
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9

Resources, Drought Events and

Management Profile of Countries

Arable land is limited in the arid and semi-arid areas that cover most of the
regions in the world making agriculture potentially highly vulnerable to
climate change. Many of the region’s irrigation systems are under considerable
environmental strain due to salinity, water logging or over-exploitation of
ground water. Ground water, including non-renewable fossil water, is of
primary importance in most countries of the region. The methods of
management vary from country to country. Water use insufficiency is often
due to mismanagement, corruption, lack of appropriate institutions,
bureaucratic inertia and a shortage of investment in both human capacity and
physical infrastructure. An over-view of the country’s resources’ profile,
natural resource (water and agriculture), rainfall and temperature and the
drought events, collated from print and web sources are summarized in this
chapter.

9.1 Africa

The equator that passes through Africa divides it into two equal parts
(lengthwise) and makes the climatic and physical conditions on the north
and south of it as the same. The Kalahari Desert is on the south and Sahara
on the north; the Karoo matches the Maghreb, while the conditions in the
Cape area are almost identical to those of the Mediterranean region. Africa
is the only continent that straddles the equator and therefore incorporates
both the Tropic of Cancer and Capricorn. The climate south of the equator
mirrors that of the north of the equator but the shape of the northern half of
Africa reduces any maritime influence. The subtropical high pressure systems
on both sides of the equator generate two wind systems that converge on the
equator in a zone termed Inter-Tropical Converge Zone (ITCZ). From the
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north, Subtropical High Pressure Belt zone blows the Northeast Trade Winds
(locally called Harmattan). From the south Sub-tropical High Pressure belt
zone blows the Southwest Trade Winds (locally called Monsoon). The
Monsoon winds are moist and bring rainfall to the coasts of West Africa.
Rainfall distribution in the southern hemisphere averages from 5000 mm in
the coastal strips of Sierra Leone, Liberia, Nigeria, Cameroon and eastern
Madagascar to 500 mm in the Sahel and 200 mm or less in the arid regions
(Sahara and Kalahari). Mean rainfall in Africa is about 670 mm, but there
are great regional disparities. Mean annual temperature is in 3oC to 5.5oC
range for a greater part of the continent with <3oC in the forest belt around
the equator. Climate is determined by the wind system, topography, and
pressure of large water bodies. The heaviest rainfall occurs near the equator,
especially in the region from the Niger Delta to the Zaire River basin and
central Zaire. The deserts are dry, and water is deficient throughout the year.
The semi-arid region is most affected by droughts.

It has nine major river basins – Nile, Congo, Zambezi, Okovango, Orange,
Volta, Niger, Lake Chad and Senegal – as well as small ones draining the
east coast and discharging their waters into the Indian Ocean. The climatic
variability has an impact on the runoff characteristics of the continent. The
high rate of evaporation, about 570 mm/year, reduces the effectiveness of
rainfall and introduces marked seasonality in the river regime. Nearly all are
international basins, some traversing more than eight countries. Total river
runoff amounts to 4.2 × 1012 m3/year, and total stable runoff is about 2.1 ×
1012 m3/year (Endersen and Myhrstad, 1987). The main characteristic of the
runoff is its seasonality, which makes harnessing water resources possible
only through the use of reservoirs. Total volume of lakes is 30,567 km3,
covering a surface area of 165,581 km2. All the lakes in Africa are
international, shared by more than two countries, except Lake Tana in Ethiopia.

Ground water contributes approximately 30% of total runoff, although
this proportion varies considerably within different geographical zones. In
arid and semi-arid areas, surface runoff is more than 90% of the total runoff.
In arid and semi-arid regions of Africa, more than 40% of the total ground
water is fossilized water. The hydro-geological formations that form a part
of deeper aquifers are sedimentary basins, the crystalline basement-complex
rocks, and volcanic formations. The sedimentary basins occur in the arid and
semi-arid areas of Africa, the Sahara and the Kalahari. The crystalline
basement-complex rocks are extensive and less productive. The aquifers
occur within the weathered residual overburden, usually about 15-30 m
thick, and along fractures that typically extend downward some 60 m (Wright,
1985). The rates of recharge vary considerably, although typical rates are 3-
10% of the mean annual precipitation (Chilton and Smith-Carington, 1984).

The richest aquifers produce 12-15% of the total annual precipitation.
However, the boreholes drilled in fractures have very high yields during the
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wet seasons but generally dry up during long droughts. Some of the aquifers
that are shared by the neighbouring countries are: The Iullemeden system
shared by Mali, Niger and Nigeria; the SASS aquifer shared between Algeria,
Tunisia and Algeria; different Karoo-Kalahari systems shared by Namibia,
Botswana and South Africa and by Angola-Zambia respectively; the Chad
Aquifer systems shared between Chad, Cameroon, Central African Republic
Libya Niger, Nigeria and Algeria; the Nubian Sandstone aquifer shared by
Egypt, Libya, Chad and the Sudan; the Benin-Togo Coastal Aquifer; the
Djibouti-Ethiopia shared basalt aquifer; the Kenya-Tanzania basalt aquifer;
and the Merti aquifer (Kenya-Somalia).

Renewable fresh water availability on an annual basis exceeds about 1700
m3/person and will suffer only occasional or local water problems. Below
this threshold, countries begin to experience periodic or regular stress. The
daily level of water-supply services also varied from 15 lts/person in Angola
to about 270 lts/person in Madagascar; in the rural areas, the average varied
from 20 to 40 lts/person. There are abundant water resources available within
the humid tropics. Drought and famine affected areas in Africa are illustrated
in Fig. 9.1.

About 2.817 × 109 ha of the arable land is under cultivation and 68% of
population is currently engaged in agriculture. Irrigation takes up 88% of the
total water withdrawals. With the greatest part of African agriculture under
rainfed crop farming, food insecurity is largely caused by variability of
rainfall. 53% of all irrigated land is under cereals, the importance of irrigation
to obtain food security must not be underestimated. The current emphasis on
irrigation in Botswana, Burkina Faso, Ghana, Kenya, and Somalia is aimed
at rehabilitation and expansion of old schemes. In Egypt, some efforts are

Fig. 9.1: Drought and famine in Africa during 1971-2001.
Source: UNEP/GRID-Arendat
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being directed towards improving irrigation efficiency. The construction of
Nanatali Dam on Senegal River will increase Senegal’s irrigable land by
400,000 ha, and Mali’s by 300,000 ha. Egypt and Sudan will irrigate a
further 2.0 × 106 ha in the Nile Valley, and 400,000 ha will be irrigated in
Uganda, Tanzania, and Kenya.

In the dry areas of Africa, irrigation consumes 100 m3 of water per tonne
of biomass produced and this activity will deplete the amount of water
available for other uses. In South Africa, the lower portions of major rivers,
such as Modder, Rietz, Vaal at Douglas, and Orange, are at various stages
of salinization as a result of irrigation and urban development. No irrigation
scheme in arid and semi-arid areas can be successful for long periods unless
it has adequate drainage. Water problems are caused by contamination and
over-exploitation. Contamination of ground water is difficult to detect, and
monitoring is costly, time consuming, and not always effective. Contaminants
coming from agricultural, urban, and industrial land uses is the reason for
decline in freshwater quality. Over-exploitation of freshwater resources occurs
in areas where there is scarcity. People are increasingly moving into areas
of marginal productivity.

Major droughts occurred in the 19th century; the most dramatic one, in
the 1980s, affected 20 countries and some 30 million people in sub-Saharan
Africa. In Gambia, drought reduced recharge of the ground water, necessitating
further deepening of wells. These wells then collapsed, aggravating the
competition for water. Subsequent overuse of wells caused salt-water intrusion
in those boreholes that survived the drought period. The responses to water
stress are: (1) Reallocation of water from irrigation to industry as irrigation
consumes more than 80% of all the water by setting the tariffs paid by
agricultural users high enough to force them to conserve. (2) Population
policy that takes into account available freshwater resources and the rate at
which such resources may be developed and defined priorities to target
specific populations for increased water activity. (3) Methods to improve
efficiency and reduce water losses – Today, only 25% of the water is lost,
and 85% of bills are paid. Water systems tend to operate more efficiently if
the responsibility for daily operations and that for capital investments are
kept separate. (4) Water-resource planning with adequate information for
understanding both the hydrologic systems on which water-resource
management is built and the nature of the interactions between the natural
and the socioeconomic systems. (5) Involvement of consumers - Consumers
who know the status of the natural resource and are informed about the
limitations of their actions will make rational decisions. (6) Water-management
issues – Water policy – A national water policy giving a clear direction
provides the necessary linkages between the water sector and critical areas
of the economy, including health, agriculture, sanitation, and rural
development.
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Botswana and Morocco have the necessary instruments that define water
use, institutional responsibilities and coordination; issuance of permits for
water abstraction and use; treatment of effluent and its safe discharge;
groundwater exploration; water abstraction and use; tariffs; population and
water use; water and health; the role of women and popular participation;
wetland and aquatic ecosystems; international water courses and regional
cooperation; and training and registration of water scientists. (7) Legislation
– African countries have laws that require permits or licences for abstracting
water from either surface or groundwater sources and for discharging waste
or effluent into a water body. These laws are inadequate as the: Legislation
governing rational use and management and responsibilities for
implementation and monitoring of water resources is scattered in various
enactments/departments. Complementing institutions are poorly organized
and have no resources for monitoring, policing, and punishment of offenders.
Rules and regulations have not been elaborated to provide a firm basis for
applying the laws. Appropriate quality standards have not been set for effluent
discharges. Penalties for offenders are lenient and constitute an inadequate
deterrent. Botswana is one country that revised its entire water law in 1990.

(8) Development of human resources – Human resource development
policies need to be strengthened to ensure more effective use of trained
personnel and improved employment conditions. (9) Demand management
encompasses mechanisms by which water is allocated efficiently to different
user groups. (10) Price mechanisms – Although water has traditionally been
considered a common good, shortages have occurred and the cost of getting
water from alternative sources has increased, so its value has gone up.
Loans for irrigation were mainly made to the countries north of the Sahara
with proven irrigation cultures, whereas loan disbursements for water supply
were mainly for urban water, thereby explaining the disparity in service
between urban and rural areas. Absence of cost-recovery measures meant
that 82% of the countries’ urban water systems relied on the central
government to subsidize their operation and maintenance costs. For the rural
areas, all countries charged some tariff, but 46% charged tariffs that covered
only part of the operation and maintenance costs.

Pollution-permit trading is a way of reducing pollution and improves the
quality of decision-making in integrated water-resource management. Under
this system, the government issues a fixed number of pollution permits,
which are then bought and sold at market prices by firms. Use of marginal
water and reuse of wastewater – In Algeria and Tunisia, drainage water from
irrigated fields is already being recovered and reused in irrigation systems,
and in Egypt, Libya, Tunisia, and Morocco. Greater Cairo generated 0.9 ×
109 m3 of wastewater in 1990, for example; this is expected to increase to
1.93 109 m3 by 2010. Similarly, Morocco and Tunisia discharged 555 × 106

and 227 × 106 m3 of wastewater, respectively, in 2000, and all the urban
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centres in Botswana combined will produce 66.4 × 106 m3 of wastewater by
2020. In Tunisia, about 3000 ha has been irrigated, under controlled conditions,
with secondary-treatment wastewater effluent; this uses about 7 × 106 m3 of
treated effluent per year. Wastewater is also used to irrigate the greenbelt
around Khartoum, Sudan, and 1000 ha of Egyptian farmland. Morocco and
Tunisia, for example, charge farmers fees for using reclaimed wastewater
(Khouri, 1989).

Desalinization of sea water – A capital- and energy-intensive source of
fresh water, is growing in importance in oil-rich countries such as Egypt,
Libya, Tunisia, and Morocco having desalinization plants. Desalinization is
still three to four times more expensive than conventional methods of obtaining
fresh water. Both ground water polluted by nitrates and pesticides and
municipal water are treated to make ultra-pure water for the electronics
industry. Regional cooperation – Effective water management requires a
broad plan for an entire river basin. Most river basins in Africa are shared
by two or more countries. Cooperation in water resource management needs
to be pursued at two levels: through comprehensive management of domestic
supply and demand; and regional planning and arrangements to import water
from surplus countries to deficit countries. Competition and conflicts in
water use generally emerge when there is a lack of cooperation, leading to
international tension.

There are 54 trans-boundary river-lake basins in Africa. Among these
basins, only a handful – Senegal, Gambia, Niger, Chad, and Kagera – are
overseen by intergovernmental organization, with the exclusive task of
planning for integrated development of natural resources, energy, and other
water-related infrastructures. Among the nine countries in the Nile basin,
there are no agreements, nor is there any forum for negotiations on how its
water should be shared. The risks of new tensions and conflicts, especially
in North Africa, are clear, and the need for cooperation and agreement on the
use of water resources has never been greater. Capacity-building and
institutional arrangements are needed in these organizations to strengthen the
planning units and improve policy and legal frameworks. The first of these
barriers is the difficulty of devolving sufficient responsibilities for water
management to local authorities and community institutions. In Kenya, the
Lake Naivasha Riparian Owners’ Association has been deliberating on land
and water disputes since 1939. Presently, the association is involved in a
three-phase study that will culminate in the formulation of an environmental
management plan.

Capacity-building and technical assistance are recommended to improve
human resource development: Education and training programmes on pollution
control and hazardous-waste disposal need to be established, and existing
ones need to be strengthened. Community-based management institutions,
such as water users’ associations, should be given support to manage
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freshwater resources. The responsibility for planning and managing water
resources should, therefore, be decentralized and left to the communities and
their institutions. Safeguards on freshwater management must be introduced
at the local level. Demand management through water pricing, cost recovery,
privatization, and community management, should be introduced. Water use
efficiency and conservation strategies are: (1) Strategies for improved
efficiency and water conservation must be instituted. (2) Standards for water
recycling and the use of water of marginal quality need to be established. (3)
Modalities for reallocation of water rights must be developed. (4) External
and internal sources of funding need to be mobilized and appropriate use of
water-generated public funds need to be ensured, with emphasis on
transparency and accountability.

9.2 Tropical Countries

Afghanistan

It is popularly called the land of mountains or the Switzerland of Asia. The
climate is cold in winter, hot and dry in the summer. Annual rainfall of 381
mm is normally scanty and much of the precipitation is as winter snow and
spring rains. Southern part of Afghanistan is receiving the least rainfall (100-
300 mm per year) followed by western (200-400 mm) and northern parts.
Strong winds from April to August have a severe desiccative effect. Many
historical rainfall data are difficult to get and some of them were lost. Amu
Darija, Hamrud, Kabul, Helmand and Farrahud rivers drain the surface run-
off from the rugged areas. Irrigated areas are at the base of the mountains
and canal irrigated fields along the banks of Helmand river as far south as
the town of Garmseer. Most of the rivers and watercourses are nearly in dry
condition. Underground water tables have decreased significantly, impacting
agricultural producers who rely on springs and karezes. Safe potable water
is a serious concern, as many wells have dried up completely. There was a
marked reduction in the number of shallow wells, deep wells, karezes and
hand pumps during the drought. In the Zaranj district of Nimroz province,
people buy water from suppliers for 2 to 3 Afghans per litre. The decrease
in water sources has affected the farm lands (in high and lowland) in the
downstream canal areas and karez irrigated areas leading to death of fruit
trees and vineyards. Yield reductions upto 75-100% of the normal harvest
have been recorded in these areas.

Shallow soils and barren rocks found in these regions do not retain
moisture. Lack of vegetative cover and the high population density in the
region make this area highly vulnerable to droughts. The agricultural land is
12% of Afghanistan’s land area and 5% of the total agricultural land is under
irrigation (both intensive and intermittent) and 7% under rain-fed agriculture
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(Bhattacharya et al., 2004). Lack of snowfall during the winter and less-
than-normal rain has led to decreased water availability for irrigation in the
south during summer. Most of the agriculture is carried out through canal
systems along the river courses. 60%, 40%, 20% and 15% of cultivation
(major crops – wheat and barley) activities in Uruzgan, Zabul, Kandahar and
Helmand provinces rely on (natural springs) karezes and intermittent flood
irrigation (WFP, 2003). Secondary crops include maize, cotton, beans, pulses,
melons, cumin and poppy. Vineyards, pomegranate and almond orchards are
also found in the area.

Drought – Four of the five years during 1999–2004 except 2003 were
drought years in Afghanistan. Southern and central parts of the country are
drought prone area (Fig. 9.2). The worst affected areas are in the provinces
of Kandahar, Zabul and Helmand. Large number of people have lost their
rainfed wheat crop and their livestock mainly in Kandahar and Zabul provinces
due to lack of water and feed. The rural population suffered from shortage
of potable water and falling groundwater levels and many of the shallow
open dug wells (up to 30 metres deep) dried up. Owing to drought conditions
and agriculture-related hardship, poppy cultivation is on the rise as a
mechanism to maximize the profits from shrinking cultivable area. Crop
diversity was reduced by 71% and productivity by over 50% in the western
provinces of the country. Because of the lack of employment opportunities,

Fig. 9.2: Drought affected areas of Afghanistan.
Courtesy: UNOSAT
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migration was rampant and desperate measures, such as indentured child
labour and early marriage of girls, have increased.

Mitigation – The traditional coping mechanisms for people in the south
are close to exhaustion. They have sold belongings – agricultural lands,
livestock, and household assets – taken loans and mortgaged their lands. In
many areas, people are facing shortages of safe potable water due to the
decrease of ground water. Drinking water is salty and unpalatable in the
Sange Atash district of Badghis province. In many shallow wells, the water
levels have dropped up to 12 metres and salty water has percolated into the
wells. Many shallow wells up to 30 metres in depth are dry. In some parts
of Khost, people have to travel up to 12 km to collect drinking water from
the closest usable source. In urban areas, the old water supply systems were
not able to cope with the expanded city limits. Irrigation potential of the
existing water bodies and storage dams has been greatly reduced. Dahla dam
at Kandahar province is heavily silted and the capacity of the reservoir has
decreased. Operational and semi-operational karezes need cleaning and
improvement. In some provinces, like Helmand, Kandahar, Zabul, Urozgan
and Ghor, an increasing number of landlords are engaged in poppy cultivation.
In southern and western parts of the country, the most active agricultural
months are March through October, when there is hardly any precipitation.
Nearly all precipitation comes from November through early March and
comes only in 50-60 hours a year.

This water needs to be captured and stored until the growing season. The
traditional snow-water harvesting systems cha (winter snow) in underground
storage tanks (upto 20 metres) are not functional in Ghor and Badghis. Local
shuras (shuras is a religious and administrative entity, whereby members of
the community select their leader(s) to represent them) and water waqils
(waqil – water judge) are selected by the villagers usually for a year for
dealing with water related issues. The waqil’s main function is to ensure
equitable distribution of water from the canal to the fields as per defined
rules observed by the local community. They were functioning well in the
past, but were not very effective in handling water issues, especially in the
recent drought years. At the same time, people still feel that shuras can play
a significant role in community-based drought management. Waqils are also
suffering due to low production. Their income, often paid in kind by farmers,
has reduced significantly. Consequently, they have lost interest in that work.

Australia

Australia has landmass of 7,617,930 km2 and 34,218 km coastline is on the
Indo-Australian Plate and surrounded by the Indian and Pacific oceans. The
largest part of Australia is desert or semi-arid lands commonly known as the
outback. It is the flattest continent, with the oldest and least fertile soils, and
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is the driest inhabited continent. Only the southeast and southwest corners
of the continent have a temperate climate. Most of the population lives along
the temperate southeastern coastline. The landscapes of the northern part of
the country, with a tropical climate, consist of rainforest, woodland, grassland,
mangrove swamps, and desert. It has a number of distinct climatic zones
such as the summer dominant tropics and sub-tropics to the north; the
Mediterranean climates to the south; the arid and semi-arid regions in the
middle of the continent; and areas of high rainfall on coastal fringes and in
the ranges of the east of Australia. The appearance of an El-Nino is very
often associated with below average rainfall over much of eastern Australia
and also linked to a swing in the mean atmospheric pressure difference
across the Pacific Ocean called the Southern Oscillation (Allen, 1996). Perth
in Western Australia could become the world’s first ghost metropolis, an
abandoned city with no more water to sustain its population. The rainfall
zones are classified into Southern arid, Central arid, Southern Mesic, Northern
semi-humid, east-coast semi-humid, Northern sub-coastal humid, Northern
coastal humid, Top end and Cape York humid, wet tropic Mesic and Northern
Cape York humid. There are 57 rivers that transport surface flow during
rainy days.

Aquifers are present deeply into weathered rocks, fractured and weathered
rocks, fine grained sediments and sand dunes. They are part of the sedimentary
sequential rocks, layered sedimentary rocks or fractured basaltic rocks,
fractured rocks and deeply weathered rocks. Their geological formations
include alluvial sediments: shallow marine and other sediments, and layered
sedimentary or fractured basaltic rocks. About 2% of rainfall will enter the
groundwater system from the soil after it passes through massive soil clay
and rock barriers. Some of this water will find its way to shallow or perched
aquifers (10-40 m below) and much less to deep aquifers (50-500 m below).
Most ground water is confined by clay and rock layers. The deep, flowing
aquifers have fresh water while some shallow aquifers (including perched
and basin systems) have brackish or saline waters. The demand from the
coastal areas on the east is on the highest scale where the fractured aquifer
productivity is low. Similarly the irrigation is highest on the eastern side of
the island and partially on the west and on the north. The water demand is
met from the ground, surface and integrated water supply systems. In addition
to the integrated system, treated waste waters and desalinated sources are
being used to meet the requirements of the capital cities. In the large inland
river systems in the Murray-Darling Basin - rice, horticulture, cotton, wine,
and dairy; in Queensland coastal catchments such as the Burdekin River
floodplain and the black soils of the upper Fitzroy – sugar cane, cotton,
grains and horticulture; in Western Australia: the Ord River and selected
coastal floodplains in the north – horticulture and sugar cane; and the Swan
Coastal plain and other floodplains around Perth – horticulture and dairy are
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predominant. The higher rainfall zones are suitable for dairying, as well as
more intensive grazing enterprises that produce meat.

Drought conditions – Since 1860, the most severe droughts have occurred
at intervals of 11 to 14 years. Major droughts that were recorded in the 19th
century include: 1829 – Major drought in Western Australia with very little
water available; 1835 and 1838 – Sydney and NSW received 25% less rain
than usual and severe drought in Northam and York areas of Western Australia;
1839 – severe drought in the west and north of Spencer Gulf, South Australia;
1846 – severe drought converted the interior and far north of South Australia
into an arid desert; 1849 – Sydney received about 27 inches less rain than
normal; 1850 – severe drought, with big losses of livestock across inland
New South Wales (NSW) and around the western rivers region; 1864-66
(and l868) – the available data indicate that this drought period was rather
severe in Victoria, South Australia, New South Wales, Queensland and Western
Australia; 1877 – all States affected by severe drought, with disastrous losses
in Queensland. In Western Australia many native trees died, swamps dried
up and crops failed; 1880 to 1886 – drought in Victoria (northern areas and
Gippsland); New South Wales (mainly northern wheat belt, Northern
Tablelands and south coast); Queensland (1881-86, in south-east with breaks
– otherwise mainly in coastal areas, the central highlands and central interior
in 1883-86); and South Australia (1884-86, mainly in agricultural areas);
1888 – extremely dry in Victoria (northern areas and Gippsland); Tasmania
(1887-89 in the south); New South Wales had the driest year since records
began; Queensland (1888-89) had a very severe drought, with much native
scrub dying and native animals perishing; South Australia had one of its
most severe droughts; and Western Australia (central agricultural areas) lost
many sheep.

1902 – Severe Australian Federation Drought reduced the total sheep
population to 54,000,000 from a total of 106,000,000 sheep in 1891 and
cattle numbers fell by more than 40%. It was 1925 before the sheep numbers
reached the hundred-million mark again. There had been a number of years
of below average rainfall across most of Australia before the drought. During
the drought the wheat crop was “all but lost” and the Darling River was dry
at Bourke, New South Wales for over a year from April 1902 to May 1903.
In the 1911-1915 period, Australia suffered a major drought which resulted
in the failure of the 1914 wheat crop. During World War II, eastern Australia
suffered dry conditions which lasted from 1937 through 1947 with little
respite. From 1965-68 eastern Australia was again greatly affected by drought.
Conditions had been dry over the centre of the continent since 1957, but
spread elsewhere during the summer of 1964-65. This drought contributed
to the 1967 Tasmanian fires in which 62 people died in one day and 1400
homes were lost.



Resources, Drought Events and Management Profile of Countries / 375

The drought in 1982-83 is regarded as the worst of the twentieth century
for short-term rainfall deficiencies of up to one year and their overall impact.
There were severe dust storms in north-western Victoria and severe bushfires
in south-east Australia in February 1983 with 75 people killed. This El-Nino
related drought ended in March when a monsoon depression became an
extratropical low and swept across Australia’s interior and on to the south-
east in mid to late March. A very severe drought occurred in the second half
of 1991 which intensified in 1994 and 1995 to become the worst on record
in Queensland. This drought was influenced by a strong El Nino weather
pattern and associated with high temperatures in July and August 1995, the
fifth continuous year of drought in parts of Queensland. In June 1994, more
than 10 towns had lost irrigation systems and some areas had gone five years
without decent rainfall. A part of the upper Darling River system collapsed
during this drought. By October 1994, the Condamine River was exhausted,
reverting to a series of ponds. Across the state more than 13,000 properties,
totalling 40% of Queensland was drought declared. The flow past Goondiwindi
was the lowest since 1940. Cotton farms near Moree and Narrabri had been
allocated no water for irrigation which resulted in a major loss of production.
The town of Warwick was particularly affected. Australia was prone to wet
weather brought on by La Niña influenced weather patterns during 2000.
Then from 2003 a long, severe drought, again the worst on record, was
experienced in many parts of Australia. The late-winter to mid-spring rainfalls
had failed in November 2006. The average rainfall in the state of South
Australia was the lowest since 1900. Across Victoria and the Murray-Darling
Basin the season was the second driest since 1900. The situation has been
worsened by temperatures being the highest on record since the 1950s.
Figure 9.3 summarizes the drought events.

The first attempt at white settlement in Victoria near Sorrento in 1803 was
abandoned partly because of a lack of water and this is a reason instrumental
in the development of Victoria. Melbourne was settled in 1835 at a point on
the lower Yarra where a low rock ridge separated fresh water from the salty
estuarine waters. The city’s first water supply reservoir, Yan Yean, came on
line in 1857. Major droughts experienced in Victoria and around Melbourne
are 1865-66, 1914-15, 1919, 1922-23, 1938-39, 1943-45, 1967-68, 1972-73,
1976-78, 1982-83, and 1997-98. Historically, managing water demand during
drought involved restrictions designed to curb use and conserve water storages.
These restrictions usually limited external water use, and in some towns,
street watering was banned causing huge amounts of dust to be churned up
by horses, carts and carriages. In 1950, a bylaw was introduced under which
any 24 hours could be declared a period of restricted water use. During these
times, householders were banned from using garden hoses. Since the 1960s,
water restrictions have been introduced in dry years because of low streamflow
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into water reservoirs resulting in low storage levels. In the severe drought of
1967-68, restrictions were introduced relating to the use of fixed sprinklers
and hoses, as well as washing cars and filling swimming pools and fountains.
People used buckets to water their gardens and even this practice was later
restricted.

After the 1972-73 drought, water restrictions were formalised. In 1975
the Melbourne and Metropolitan Board of Works and the State Rivers and
Water Supply Commission produced an eight-stage set of restrictions. In
1982-83 drought affected most of eastern Australia, and sparked the Ash
Wednesday bushfires, which burnt 13,000 hectares of Melbourne’s water

Fig. 9.3: Major drought areas in Australia – rainfall deficiency (1982-83).
Courtesy: Government of Australia, Bureau of Meteorology
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supply catchments and caused massive dust storms. In Melbourne, Stage 6
restrictions were introduced in February 1983. Since then, Victorian water
authorities have worked to plan for drought and simplify restrictions. In the
early 1990s, drought-management guidelines were completed for non-
metropolitan areas, and in 1995, drought response plans were completed for
the newly formed metropolitan retail water companies. The plans included
a four-stage restriction regime. Water storage levels have steadily declined
as the current ten-year drought continues to reduce stream flow into our
water reservoirs. In March 2005, the government introduced Permanent Water
Saving Rules across Victoria and penalties for breaches. The rules specify
manual watering systems only between 8 pm and 10 am, automatic watering
systems only between 10 pm and 10 am, all hoses to have trigger nozzles,
no hosing of paved areas, and apply for permission to fill a new pool.

Mitigation – Australia like many other countries relied solely on water
from dams for agriculture and consumption. Drought proofing methods such
as like grey-water water-recycling, government rebates for home-owners to
install water tanks, and tougher restrictions on industries are also in effect.
In November 2006 Perth completed a seawater desalination plant that will
supply the city with 17% of its needs. Water restrictions are currently in
place in many regions and cities of Australia in response to chronic shortages
resulting from drought. There are presently four stages of temporary water
restrictions which can be imposed by Australian Capital Territory corporation
as shown below:

Stage 1 Stage 2 Stage 3 Stage 4

Sprinklers and Alternate days, Drippers only, No reticulation
irrigation 7-10 am and 7-10 am and

7-10 pm 7-10 pm

Hand-watering No restrictions Alternate days, No watering Grey water
gardens and 7-10 am and lawns; only
lawns 7-10 pm watering plants

alternate days,
7-10 am and
7-10 pm

Swimming No emptying or filling; Topping-up No topping-up, emptying or
pools allowed filling

Car washing Once a week, Once a month, Only at No car
or at commercial or at commercial commercial car washing
car wash car wash washes

Window Only with bucket No window cleaning
cleaning or high-pressure,

low-volume cleaner
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Adelaide and much of south-eastern South Australia takes its drinking
water from the Murray River. Even lower inflows to the Murray River over
the course of 2006 led to the even tougher Level 3 water restrictions being
imposed on the region from 1 January 2007, which remain in place.

Recurring drought reduces agricultural production from time to time,
resulting in loss of crops, downsizing of the national sheep flock and cattle
herd and reduces water allocation for irrigation. Awareness of climate risk
relationship between sea surface temperature in the Pacific and Indian Oceans
and climate effects allows more active management of agricultural systems.
Predictions may give useful guidance up to nine months in advance, but only
for certain parts of Australia and depending on the time of year. Irrigated
agriculture activities can face considerable risks from climate variability.
Irrigated producers may actually face a higher risk of ‘exposure’ to failure
in drought than some dry land producers, who have a number of production
options available to them.

Potential negative effects of drought include reduced wheat production
from reduced rainfall reliability, increasing suitability ranges for diseases
and pests, reduced milk yield due to heat stress in dairy cattle, increased
irrigation requirements for the sugar industry, and reduced fruit yield and
quality through a reduction in chilling temperatures in some cases. Potential
positive effects include increased plant production in northern Australia and
reduced incidence of frost damage in southern Australian fruit crops. Water
resource use is likely to be the key natural resource management issue
directly influenced by climate change. The extent to which it is possible to

Sydney uses the following restriction levels owing to the falling dam
levels.

Level 1 Level 2 Level 3

Sprinklers and No sprinklers at any time; drippers only
irrigation

Hand-watering No restrictions Three times weekly, Two times weekly,
gardens and lawns: before 9 am or before 10 am or

after 5 pm after 4 pm

Swimming pools No restrictions No filling pools over 10,000 L without permit

Hard surfaces No hosing hard surfaces (paths, driveways, cars, floors and buildings)

Note: Falling dam levels prompted Sydney Water to impose Level 1 water restrictions
on the Sydney area from 1 October 2003. When these restrictions failed to stem the
reduction in the city’s water supplies as a result of continuing drought, and with
dam levels dropping below 50 per cent, Level 2 water restrictions were introduced
from 1 June 2004. Further reductions in dam levels to below 40 per cent of capacity
led to an increase to Level 3 water restrictions from 1 June 2005. Level 3 water
restrictions remain in place as of February 2008; however higher dam levels may
lead to reductions in water restrictions in the near future.
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mitigate the effects of extreme climatic variations, in particular drought,
depends to a large extent on their predictability. In the long term, knowing
the extent of climatic variability allows a rational approach to risk
management.

Sustainable Australian irrigation could be achieved by:

• Integrated catchment management – all Australian governments recognize
the interactions between landscape management, land use, on farm practice
and river health, which in turn affects the quality and availability of water
for water extractors and for the estuary and nearshore marine areas
downstream. The irrigation industry recognizes this inter-relatedness of
natural resources with many industries [e.g. cotton, dairy, rice] leading the
development of industry codes of practice. Underpinning integrated
catchment management is:

• Water Accounts and Benefits – understanding where the water, both quality
and quantity, is within a catchment, how it changes with climate variability
and changes in land use and practice is essential if our catchments are to
yield quality and quantity water. From this water accounts base, the benefits
of water use could be derived. With an understanding of the benefits,
scenarios for changes in catchment management can be tested. Objectives
are usually to maximise yield and quality of surface waters and ensure
water balance in soils to mininise salt transport to ground water.
Understanding water accounts and benefits allows managers at basin,
regional and catchment scales to set:

• Sustainable allocations – limits are set on the volume of surface and
groundwater that can be diverted for consumptive uses or stored in farm
dams. This does not constrain new irrigation nor urban and industrial
developments but leads to these developments being based on:

• Water Use Efficiency – making water available for expansion in irrigation
and increased productivity through a range of on-farm and regional
efficiency measures in delivery and on-farm plant use measures. These
include paddock scale water use efficiency, changed varieties, varied crops,
changed technology and on-farm practice, improved delivery at irrigation
scheme and channel management levels and making more effective use
of water available through:

• Rapid response to climate variability – using climate predictions, regional
water managers are fine tuning delivery and annual allocations. Climate
predictions before the growing season interpreted through decision support
tools allow individual irrigators to optimize inputs, vary the area under
cultivation and crop, and modify delivery practices and scheduling on
farm. Capturing all the water available calls for:

• Water Reuse and Recycling – including tail water recycling on farm through
to urban water treatment and reuse for high value commodities near urban
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centres such as horticulture. All water used on farm, recycled or otherwise
needs to be carefully managed to ensure:

• Soil Health in-situ – so that the soil’s physical structure, chemical status
and biota provide for sustainable cropping and no adverse off-farm impact,
be it through excessive leakage of nutrients, recharge to ground water,
build up of salts or soil erosion. Irrigators, as land and water users within
a catchment, contribute to and are part of:

• Integrated catchment management – where this brief discussion of aspects
essential for irrigation sustainability started.

• Companion Audit work on catchments, rivers and estuaries are to be
carried out towards groundwater development purposes. Irrigation and its
impacts are part of the contributing factors to the health of the ecosystems.

Bangladesh

It is located in the low-lying Ganges-Brahmaputra River Delta or Ganges
Delta, that is formed by the confluence of the Ganges (local name Padma),
Brahmaputra (Jomuna), and Meghna rivers and their respective tributaries.
Most parts of Bangladesh are less than 12 metres above the sea level.
Straddling the Tropic of Cancer, climate is tropical with a mild winter from
October to March, a hot, humid summer from March to June. The country
has a tropical monsoon climate similar to India. The cool season is from
November to February, and the hot season from March until early June,
when rain is usually in the form of thunderstorms. The main rainy season
occurs during the southwest monsoon from June to September. Rainfall is
heavy and frequent during this period. Rainfall is abundant, with most areas
receiving 1500-2000 mm of rain annually. In eastern Bangladesh, rainfall is
reaching up to 3500 mm. Rainfall is more regular during the southwest
monsoon (June-August), and less regular when it is caused by low pressure
weather systems from the Bay of Bengal during September-November.

Irrigation – Deep or shallow boreholes to draw water from underground
aquifers experience hydrological drought as a result of geological changes
that cut off parts of the aquifers. Fresh water resources in drought-prone
areas are already declining due to over-exploitation to support irrigation in
the dry months. Traditionally, rural water supply was largely based on
protected ponds. There were about 1,288,222 ponds in Bangladesh having an
area of 0.114 ha per pond and 21.5 pond per mauza (land unit) (BBS, 1997).
About 17% of these ponds are derelict and probably dry up in the dry
season. Surface water irrigation systems in the country compete for this
available water in the dry season. The demand for irrigation is expected to
reach 58.6% of the total supply by 2018.

Ground water – Two types of aquifers exist in Bangladesh – A shallow
aquifer lies within 100 m from the surface with an overlying clay/silt blanket
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which is less than 2 m thick in the northwest and generally increases southward
to more than 50 m. The main constituent of the aquifer materials is the
medium-grained sand deposit. Ground water can be easily abstracted by
installation of wells for the development of water supply systems. The water
abstracted for various purposes is replenished in the monsoon. The thickness
of top clay and silt layers varies between 5 and 15 m. Groundwater levels
are at or near ground level during the period August-October and lowest in
April-May. Ground water rises as a result of recharge during May and usually
reaches its highest in late July every year. Between July and October
groundwater levels are constant and maintain a balance between surface
water levels and the fully recharged aquifers. Groundwater levels fall from
October in response to rapid drainage of surface water and changes in base
levels. The rate of fall is highest in October-November but equally large
changes may take place after January when withdrawal of ground water for
irrigation starts.

Drought – The two critical dry periods in Bangladesh are kharif, and rabi
and pre-kharif: (1) Kharif – droughts in the period June/July to October
result from dry conditions in the highland areas especially in the Barind.
Shortage of rainfall affects the critical reproductive stages of T.aman rice
(rice type), reducing its yield, particularly in those areas with low soil
moisture-holding capacity. This drought also affects fisheries and other
household-level activities. (2) Rabi and pre-kharif – droughts in the period
January to May are due to: (i) the cumulative effect of dry days, (ii) higher
temperatures during pre-kharif (>40°C in March/May), and (iii) low soil
moisture. This drought affects all the rabi crops, such as boro, wheat, pulses
and potatoes, and pre-kharif crops such as T.aus, especially where irrigation
possibilities are limited. Figure 9.4 summarizes the extent of drought and
severity. Like floods, Bangladesh is also vulnerable to recurrent droughts.
Between 1960 and 1991, droughts occurred 19 times in Bangladesh.

Chronology of major drought events and its impact in Bangladesh

Year Details

1791 Drought affected Jessore district, prices doubled or tripled
1865 Drought preceded Dhaka famine
1866 Severe drought in Bogra, rice production of the district was hit hard

and prices tripled
1872 Drought in Sundarbans, crops suffered greatly from deficient rainfall
1874 Extremely low rainfall affected Bogra, great crop failure
1951 Severe drought in Northwest Bangladesh substantially reduced rice

production.
1973 Drought responsible for the 1974 famine in northern Bangladesh,

one of the most severe of the century.

(Contd.)
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Fig. 9.4: Drought prone areas—Bangladesh.
Courtesy: Bangladesh Remote Sensing Center

(Contd.)

1975 Drought affected 47 percent of the country and more than half of the
total population.

1978-79 One of the most severe droughts in recent times with widespread
damage to crops reducing rice production by about two million tonnes,
directly affecting about 42 percent of the cultivated land and 44
percent of the population.

1981 Severe drought adversely affected crop production.
1982 Drought caused a loss of rice production of about 53,000 tonnes

while, in the same year, flood damaged about 36,000 tonnes.
1989 Drought dried up most of the rivers in Northwest Bangladesh with

dust storms in several districts, including Naogaon, Nawabganj,
Nilpahamari and Thakurgaon.

1994-95 The most persistent drought in recent times, it caused immense crop
damage, especially to rice and jute, the main crops of Northwest
Bangladesh and to bamboo clumps, a main cash crop in the region.

Year Details
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Barind area has developed local thumb rules for risk. They have perceived
that 12 days without rain during monsoon season in the high Barind tracts
could trigger drought and in the level land Barind area, 14 days without rain
could trigger drought at early stages of rice crop. Farmers in the Barind areas
respond to drought based on this threshold number of dry days and their
visual observations. The farmers’ perception of drought is based on the
length of dry spells. Crop stages in high Barind tracts are: Seedling stage:
5-7 days (mild), 7-15 (moderate), >15 (severe); Vegetative stage: 7-8 (mild),
8-18 (moderate), >18 (severe); Flowering: 5-7 (mild), 7-12 (moderate), >12
(severe). Mitigation – Ground irrigation through thousands of shallow and
deep tube wells were provided in meeting 1970 and 1980 drought. High
Yielding Variety paddy was introduced to acres of marginal and sloped lands
and these lands are over-used and degraded due to human pressure. A national
land use policy is sought to utilize land in judicious manner. Steps are
required to develop national programmes for drought preparedness (similar
to flood and cyclone preparedness). Early-warning schemes have to be
undertaken to inform the population of drought-prone areas and introduce
drought-relief measures for the affected people as part of the national planning
strategy/national programme for drought preparedness (similar to flood and
cyclone preparedness).

Iran

Iran is one of the world’s most mountainous countries; its landscape is
dominated by rugged mountain ranges that separate various basins or plateaux
from one another. The annual precipitation ranges from 135 to 355 mm. On
the northern edge of the country (the Caspian coastal plain) temperatures
nearly fall below freezing and it remains humid for the rest of the year.
Summer temperatures rarely exceed 29°C. A point far from altitudes can
reach up to 60°C during summer. The average temperature during January
and May are 22°C and 40°C respectively. It rarely snows there. The annual
relative humidity is below 30%. During summer, it decreases, at times, down
to 0%. It usually rains during winter and sometimes showers that leads to
wash away the earth. It goes without saying that there cannot be proper and
enough soil and water for plants to grow. Since these regions are always
open to winds and there are not sufficient plants to preserve soil, wind
erodes the earth and brings about losses. Therefore, blocking winds by wood-
made walls and planting shrubs and trees are carried out to confront the
destructive natural forces.

The wide range of temperature fluctuation in different parts of the country
and the multiplicity of climatic zones make it possible to cultivate a diverse
variety of crops. Wheat and barley are planted on dry-farmed and irrigated
lands and on mountain slopes and plains. Long-grain rice of Iran grows
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primarily in the wet Caspian lowlands in the northern provinces of Gilan and
Mazandaran, where heavy rainfall facilitates paddy cultivation. The major
rivers running into the Caspian Sea in Iranian shorelines flowing from the
northern Alborz altitudes are: Aras, Sefid Rud, Chalus, Haraz, Se hezar,
Babol, Talar, Tajan, Gorgan, Atrak, Qarasu and Neka. Some temporary rivers
either run into a body of water or get dried before reaching any watershed.
Irrespective of presence of large number of rivers water has always been a
vital issue. Many of the rivers contain salty water, and are seasonal that
makes fresh drinkable water even more valuable.

Drought – It is estimated that 18 of the country’s 28 provinces are affected
by drought and majority of them are in southern, eastern and central parts.
Those hardest hit include Sistan-Baluchestan, Yazd, Fars, Kohkiluyeh Boyer-
ahmad, Bushehr, Hormuzgan, Kerman and Khuzestan. Although limited
rainfall in late March brought some relief to crops in west-central parts, it
was insufficient to improve overall prospects. The impact of drought is
likely to be exacerbated by already low water reserves in dams and reservoirs,
following the severe water shortage last year. Most farms in Iran are small,
less than 25 acres (10 hectares) and not economically viable that has
contributed to the wide-scale migration to cities. In addition to water scarcity
and areas of poor soil, seed is of low quality and farming techniques are
antiquated. All these factors have contributed to low crop yields and poverty
in rural areas. Vulnerable groups in rural areas have limited alternative sources
of income and incurred heavy losses due to crops - wheat and barley. Villagers
have begun panic selling of livestock and are reportedly leaving their homes.

Jordan

Jordan consists of arid forest plateau in the east irrigated by oasis and
seasonal water streams, with highland area in the west of arable land and
Mediterranean evergreen forestry. The Great Rift Valley of the Jordan River
separates Jordan, the west bank and Israel. The highest point in the country
is Jabal Ram 1734 m above sea level, while the lowest is the Dead Sea -
420 m. It is part of a region considered to be “the cradle of civilization”, the
Levant region of the Fertile Crescent. Climate – The western part of the
country receives greater precipitation during the winter season from November
to March and snowfall in Amman (756 m ~ 980 m above sea-level) and
Western Heights of 500 m and the rest of the country is entirely above
300 m. The main rivers are the Jordan, the Yarmouk, and the Zarqa. The
Jordan’s main sources are the Hasbani River, which flows from Lebanon to
Israel, the Banyas River, which flows from Syria to Israel, the Dan River,
which begins and flows inside Israel, and the Yarmouk River, which begins
near the Golan Heights and flows to the Jordan River. It is shared by Israel,
Jordan and Syria. Most of the river’s course is below sea level, following a
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dry, deep, rift valley called the Ghor by the Arabs. It is a relatively small
river, shallow and unnavigable. Yarmuk river is the main tributary of the
Jordan river and Jordan and Syria extract water from it. It supplies about
75% of the needs of the State of Jordan.

About 28,969 ha of vegetables, 131,405 ha of field crops and 54,910 ha
of fruit-trees are grown here. The cultivated lands in Jordan are grouped
into: Ghor area – Jordan Rift Valley, characterized by a subtropical climate
with hot, dry summers and mild humid winters with low rainfall growing
irrigated vegetables, cereals and fruit-trees comprising about 63, 14 and 23%
of the planted area, respectively. Citrus and banana are the two major fruit
crops; Eastern rainfed uplands (ERU), located on the eastern mountains and
characterized by a Mediterranean climate with mild dry summers and cold
rainy winters; Side wadis (SW), valleys which include cultivated lands located
along the main tributaries descending from the mountains to the Jordan Rift
Valley area. The climate is subtropical in the lower valley, but Mediterranean
in the upper valley. Vegetables and fruit-trees are grown mainly under
irrigation; and Eastern irrigated uplands (EIU), comprising certain irrigated
areas alongside the desert periphery which are characterized by low rainfall
(200 mm or less annually) and a continental desert climate. Jordan imports
nearly two-thirds of its food requirements.

Drought – The scarcity of water is connected to meteorologic, geographic
and demographic factors as rainfall is irregular in Middle East. The rainy
season is short (June to August), and rainfall varies between 250-400 mm
annually, which is insufficient for basic agriculture requiring at least 400 mm
of regular rainfall. The availability of water is classified as very low on the
Water Stress Index, which indicates the degree of water shortage or scarcity.
[Water Stress Index is the value of annual rainfall divided by the total
population (m3/capita/year)]. Countries with less than 1700 m3/capita/year
are regarded as countries with “existing stress”, while countries with less
than 1000 m3/capita/year are regarded as having “scarcity” and countries
with less than 500 m3/capita/year are regarded as having “absolute scarcity”
– 167 m3/capita/year. In 2002, the total use of water in Jordan was 809.8
million cubic metres (MCM) or 159 m3/capita/year at the country’s current
population of 5.1 million people. This usage included 88.8 MCM of non-
renewable groundwater (groundwater mining) and 72.4 MCM of treated
wastewater.

The total renewable freshwater resources in Jordan are estimated at 850
MCM or 167 m3/capita/year. The presence of groundwater mining and
wastewater reuse (in 2002) indicates that the demand already exceeds the
availability of renewable water during that year. Per capita water supply is
126.4 litre/day which is met from surface water (271 MCM); ground (473
MCM) and treated waste water (72 MCM) as on 2000. It is facing a chronic
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imbalance in the population-water resources equation; the total renewable
freshwater resources of the country amount to an average of 775 MCM per
year; the per capita of water was 160 cubic metre per annum (in 1999) and
declines at a rate equal to that of population increase. An additional 143
MCM/year is estimated to be available from fossil aquifers. Brackish aquifers
are not yet fully explored, but 50 MCM/year is expected to be accessible for
urban uses after desalination. Despite the huge investment in the water sector,
a considerable water deficit for all uses is projected at 360 MCM/year in the
year 2020.

Water scarcity in Jordan is attributed to – high population growth rate
including the influx of displaced persons; expansion of the cities and demand
for water and sanitation services; limited renewable water resources,
exacerbated by frequent drought; less than expected cost recovery for services
provided; inadequate tariffs to cover real water costs particularly in the
irrigation sector and excessive groundwater pumping and increased pollution.
There are competing sectoral and economic interests for limited water viz.
between domestic and irrigated agriculture use; the loss of biodiversity due
to water scarcity and frequent drought; general social, economic and
environmental impacts of degrading water quality; and less than expected
efficiency of water delivery services.

Mitigation – National Water Strategy, developed and approved in 1997,
states that “resource management shall continually aim at achieving the
highest possible efficiency in the conveyance, distribution, application and
use” of water resources. The urban water demand management policy includes
– promoting a recognized industry for water efficient products; setting national
product standards and information; modifying building codes to increase
water use efficiency; training programme for managers and operators; a
programme for peak demand reduction; national programme of audits for
large consumers; arid landscaping programme; programme to promote
rainwater use and a grey water reuse programme for areas with no sewerage;
and a public education programme to achieve long-term awareness and change
in attitudes of water users along with reduction of unaccounted water. The
industrial water demand management policy includes the use of economic
instruments for pollution control and technological changes and public
education as a way to increase understanding about water scarcity.
Comprehensive Water-Use Information Programme includes development
and maintenance of a comprehensive national inventory of all water
withdrawals and uses, which is essential for understanding the effects of
spatial and temporal patterns of water use on the quality, availability and
sustainable use of existing water resources.

The water-efficient plumbing fixtures mandated by the Jordan’s Plumbing
Code will reduce national water demand and wastewater flows over time due
to the installation of these fixtures in new construction and also a gradual
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voluntary replacement of the older less efficient fixtures with the Plumbing
Code-compliant models. (1) An important activity of water demand
management is to promote recognized industry for water efficient products
and water saving devices. (2) Updating and adjusting current building codes
to increase water use efficiency is an important activity of the National water
demand management programme. (3) The adoption of water-efficient
appliances will also achieve savings in energy use. (4) A Plumbing Product
Certification Programme through Daman at the Jordan Institute for Standards
and Measures (JISM) could potentially save large quantities of water by
eliminating water leakage in households if the quality of plumbing and
plumbing products was improved. (5) Periodic survey of public opinion on
adoption of water conservation measures will be conducted to assess and
enhance the educational programme. (6) Audits of large water consumers
and a public buildings efficiency improvement programme (i.e. retrofit of
non-conserving plumbing fixtures in buildings), in addition to an arid
landscaping programme and a best management conservation practices
programme, which establishes a list of water demand management practices
to be coordinated by the WDMU. On tourist water demands – Parallel with
water audits are retrofits of hotel buildings with water saving technologies.
This is important because this transition will have some cost on water users
that might be prohibitive. A water demand management-training programme
for all stakeholders at the water sector forms an integral part for a water
demand management strategy.

Pakistan

Pakistan has a diversified landscape with high mountain ranges, rivers and
plains. About 80% of the country is arid and semi-arid, nearly 12% is sub-
humid and the balance 8% is humid with two distinct seasons – summer and
winter. The mountains are eroded by rare but torrential desert rainstorms, but
very little water ever reaches the dry basins (hamoon) between the ranges.
The important rivers of Baluchistan are Zhob, Bolan and Mulla, located in
the north-eastern portion. The valleys of the main streams and their tributaries
exhibit similar feature and consist of flat plains of alluvial soil in the centre,
with a pebbly slope of varying length rising on either sides of the mountains.
It is from these pebbly beds that the supply of water for irrigation is chiefly
obtained through Karezes. The country is essentially arid climate except for
the southern slopes of the Himalayas where the annual rainfall varies between
760 and 1270 mm. This area has humid sub-tropical climate. In the extreme
north, because of great heights, highland climate prevails. Average annual
rainfall in Pakistan ranges between 250 and 800 mm. There is an extreme
variation in temperature depending on the topography of the place, which
experiences an overall deficiency in rainfall. It is divided into four broad
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temperature regions: (1) Hot summer and mild winter: 32°C or more in
summer and 10-21°C in winter. (2) Warm summer and mild winter: 21-32°C
in summer and 10 to 21°C in winter. (3) Warm summer and cool winter: 21-
32°C in summer and 0-10°C in winter. (4) Mild summer and cool/cold
winter: Summer temperature between 10 and 21°C and winter temperature
between 0 and 10°C.

The major part of Pakistan experiences dry climate. Humid conditions
prevail except over a small area in the north. The whole of Sindh, most of
Baluchistan, the major part of the Panjab and central parts of northern areas
receive less than 250 mm of rainfall in a year. Northern Sindh, southern
Panjab, north-western Baluchistan and the central parts of northern areas
receive less than 125 mm of rainfall. True humid conditions appear after the
rainfall increases to 750 mm in plains and 625 mm in highlands. There are
two sources of rainfall in Pakistan: the Monsoon and the Western Depression.
The former takes place from July to September and the latter in December
to March. The Dry Temperate Zone in the north of Pakistan and to the west
of Baluchistan (bordering Afghanistan) are highlands and mountainous regions
but do not receive even a fraction of the precipitation of what the Moist
Temperate Zone or even the sub-tropical areas receive. Further, a relationship
needs to be built between the altitude, temperature, and the potential
evaporation: the higher the altitude, the lower the temperature and hence the
evaporation. Even a small negative deviation from the low mean rainfall
creates additional water scarcity in southern provinces of Baluchistan and
Sindh and makes them more vulnerable to droughts.

Crops – The basic crop seasons: Winter Season and Summer Season. The
winter season crops are cotton, rice, sugarcane, maize, sugar beet and gram
and summer crops are: wheat, millet, sorghum, barley, tobacco, and various
pulses. One fourth of the country’s land area, which is not suitable for
intensive agriculture, is seriously subjected to wind and water erosion, salinity/
sodicity, water logging, flooding and loss of organic matter. Watersheds in
upper Indus and its tributaries suffer from unfavourable soil and moisture
regimes. The private tubewell growth in Pakistan is scattered across the
country, inside and outside the Indus Basin. The rain-fed and un-irrigated
crop belt has been converted into well-irrigated area. The use of ground
water in the freshwater zone has sustained the agricultural development in
the last 20 years. Fresh ground water has become important both for Sindh
and Punjab. The ground water is saline in 80% of the irrigated areas of
Sindh. These areas are permanently waterlogged due to ineffective drainage
and high irrigation supplies. In contrast to this planned agriculture, the riverine
(sailaba) area along the Indus has better perennial access to the good quality
water. Over-extracting its rechargeable ground water and a depletion of aquifer
is becoming irreversible in low rainfall areas in Sailaba of Sindh province.
The total pumpage potential of 0.6 million tubewells installed in Punjab is
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higher than the canal supplies that have created an imbalance in the recharge-
discharge potential. On an average, groundwater deficit is 6 to 8 maf in
Punjab and groundwater depletion is occurring in the areas of high cropping
intensities and the population density.

Drought has created physical water scarcity and has generated considerable
stress on natural water streams (Fig. 9.5). It has a previous history of droughts
but the recent droughts (1997-2001) were the longest dry spells in the last
50 years. The water stress is the maximum during Rabi season despite higher
than allocated diversions during the season. Water stress is also higher in the

Fig. 9.5: Drought affected areas – Pakistan.
Courtesy: WMO
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well irrigated areas. In the Baluchistan province, for the last four years, the
monsoon rains have touched only eastern parts with limited and scattered
precipitation whereas large parts of the western and central areas received no
rainfall during this period. The Sindh province and rain-fed areas of Punjab
suffered equally from shortage of water due to 40% lower average rainfall.
The southern portion of the country such as Baluchistan, Sindh and south
Punjab particularly face severe water shortage. The provinces of Baluchistan,
Sindh and southern Punjab have been severely affected due to prolonged dry
spell for the last three years, causing severe water shortages for human,
livestock and agricultural uses. Underground water resources in western dry
mountains of Baluchistan are shrinking, due to very little recharge, over-
exploitation of the meagre quantity of water for horticulture and crop
cultivation. Wind erosion is a common phenomenon in the deserts of Thal,
Cholistan and Tharparker and along the Makran coast. According to an
estimate, 3-5 million hectares are affected by wind erosion, which removes
about 28% of topsoil.

9.3 Non-tropical Countries

Canada

Canada occupies a major northern portion of North America, sharing land
borders with the continental United States to the south. Northern Canada
includes five major physiographic regions such as Canadian Shield, Interior
Plains, Arctic Lowlands, Cordillera and Innuitian Region. Annual precipitation
in prairie zone ranges from 300 to 550 mm and the driest conditions in the
prairies tend to be found in the south and the southwest, while the wettest
areas are found in the north and northeastern prairies. Mean annual evaporation
decreases from approximately 250 to 400 mm at latitude 60°N to less than
100 mm in the central portions of the Arctic Archipelago. Evaporation is
greatest during the summer, especially in areas of low relief characterized by
numerous bogs and lakes. Approximately two-thirds of the precipitation falls
during the summer months (May to August) and a continuous snow cover
lasts 4–5 months (Cohen et al., 1992).

Average winter and summer high temperatures across Canada vary
depending on the location. Winters can be harsh in interior and Prairie
Provinces which experience a continental climate, where daily average
temperatures are near -15°C but can drop below -40°C with severe wind
chills. In non-coastal regions, snow covers the ground almost six months of
the year (more in the north). Coastal British Columbia is an exception and
enjoys a temperate climate with a mild and rainy winter. On the east and
west coasts, average high temperatures are generally in the low 20°C, while
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between the coasts the average summer high temperature ranges from 25 to
30°C with occasional extreme heat in some interior locations exceeding
40°C. It receives relatively low amounts of precipitation, particularly at very
high latitudes. Annual values typically range from 100 to 200 mm over the
islands of the high Arctic to nearly 450 mm in the southern Northwest
Territories. Higher precipitation occurs over the east coast of Baffin Island
(600 mm/a) and the Yukon, where annual amounts can range from
approximately 400 to 500 mm in southeastern areas to more than 1000 mm
in the extreme southwest (Phillips, 2002).

Eighteen per cent of Canada’s fresh water is found in lakes (e.g. Great
Bear and Great Slave lakes) on the mainland Canadian Shield of the Northwest
Territories and Nunavut and not glacierzied areas. Runoff in the North is
strongly influenced by snowmelt and/or glacier ablation. The dominant
hydrological system in the North is the Mackenzie River, the largest river
basin in Canada (1,805,200 km2). The Yukon River drains approximately
three-quarters of the Yukon as it flows northwest into Alaska. All crops
grown in Canada (with the exception of greenhouse and cultured mushroom
crops) and all potentially new crops are strongly constrained by climate and
soil factors. Grains – wheat, barley, oats, maize (grain and silage), rye,
triticale, mixed grains, canary seed, buckwheat; Oil seeds – canola, soyabean,
flaxseed, mustard seed, sunflower seed and safflower; Forage and fodders –
alfalfa, tame hay and fodder, forage seed; Vegetables – potato, and other
vegetables excluding green house, dry legumes, lentil, dry field bean; Fruits
and nuts – tree fruits and nuts, berries and grapes, tobacco, sugarbeet, sod;
and other field and nursery crops are grown in British Columbia, Prairie
Provinces, Ontario, Quebec and Maritime Provinces. Length of season,
distribution of temperature and precipitation, soil fertility, and physical aspects
of land are universal determinants of what crops can be grown.

Land use inventories that assess the suitability of land for agriculture,
forestry, recreation, and wildlife have been in use for several decades. The
brown soil in the semi-arid region of the Prairies varies considerably from
year to year in crop yield depending on degree of drought, while dark brown
soil is not as vulnerable to drought. The black soil retains moisture better
than the brown soil, is rarely subject to drought, and produces higher yields.
The grey soil zone has higher moisture levels, cooler temperatures, and a
shorter growing season. Wheat and rye are the only grains with the potential
to make raised (leavened) breads because their gluten content gives strength
and elasticity to bread dough. Barley is well suited to the Canadian prairies,
where most of this crop is grown, while other feed grains such as maize and
sorghum are not. Barley is more resistant to drought and salinity problems.

Drought – The southern regions of the Canadian Prairies are more
susceptible to drought because of their highly variable precipitation. During
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the past two centuries, at least 40 droughts have occurred in western Canada
with multi-year episodes being observed in the 1890s, 1930s, and 1980s.
Drought is a major concern in Canada but rarely has it been as serious or
extensive as the 1999-2004 episode. This event produced the worst drought
in over a hundred years in parts of Canada and in particular, the Canadian
Prairies. Precipitation was well below normal in parts of Alberta and
Saskatchewan for more than four consecutive years, extending from autumn
1999 to spring 2004. In more recent past, a major drought was recorded for
the region in the 1930s. Local droughts of shorter duration have occurred
since the 1930s in parts of Canada, especially in the prairies (1940s, early
1960s, late 1970s) and in Ontario (1963). In Canada the effects of droughts
have been felt most severely in areas where agricultural activities allow little
margin of safety in the water supply. Annual precipitation averages 380 mm,
compared to 800 mm at Toronto and 1400 mm at Vancouver and Halifax.

The drought of the 1930s is of special importance because of its areal
extent and severity, and because of the government policies, programmes
and farming practices that resulted. The drought began in 1929 and continued,
with some respites, until midsummer of 1937. Some 7.3 million ha, one-
quarter of the arable land in Canada, was affected. Severe wind erosion of
the topsoil compounded the effects of the drought. The drought of the 1930s
brought into being federal and provincial government agencies to develop
and manage drought-alleviation programmes, the most notable being the
creation of the Prairie Farm Rehabilitation Administration by an Act of
Parliament in 1935. The PFRA was established to help prairie farmers cope
with drought by providing financial and technical assistance in the building
of water-storage reservoirs such as dugouts and small dams. Agencies of the
governments of Alberta, Saskatchewan and Manitoba developed programmes,
alone and in combination with federal agencies, to provide facilities enabling
overland pumping of water to fill small reservoirs, cattle-feed assistance, and
wells and irrigation projects.

Drought has a major economic impact on the Canadian prairies owing to
the vulnerability of the region’s agricultural sector to weather variability. The
Prairie ecozone covers an area of 520,000 km2 across southern Manitoba,
Saskatchewan, and Alberta (approximately 49–54°N latitude and 96–114°W
longitude) (Raddatz, 1998). Long-lasting impacts (Fig. 9.6) include soil
degradation by wind erosion and the deterioration of grasslands, which could
take decades or more to recover. In May 2002, the number of recorded
natural Prairie ponds was the lowest since record keeping began. In 2002,
the incidence of forest fires in Alberta increased to five times the ten-year
average. Between April and September 2001, at least 32 incidents of massive
dust storms with associated traffic accidents were reported in Saskatchewan.
The blowing dust may have been a contributing factor in two fatalities
associated with these accidents.
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China

China is one of the countries with most frequent drought, flood and water
logging hazards in the world. The topography of China is characterized by
high west part and low east part, gradually descending in elevation from the
west towards the east to form three steps. The plains are distributed in the
north to south direction, including Northeast Plain, North China Plain, Middle
to Lower Yangtze Plain and Pearl River Delta Plain, being important industrial
and agricultural bases and economic centres of China. Mountains account
for 33.3% of the national land area, plateaus 26.0%, basins 18.8%, hills
9.9% and plains 12.0% in China. Mountains, hills and rugged plateaus,
which are customarily called mountainous areas, totally account for 2/3rd of
the national land area.

Climate is complex and it is subject to strong monsoon climate of the
southeastern and southwestern monsoons. The northwestern part of China is
arid with less than 200 mm rain per year. The central, northern and north
eastern part of China has 400-600 mm rain per year of which between 70
and 90% falls in just three months during the summer. High summer
temperatures throughout China contribute to high levels of evaporation. The
uneven distribution of rainfall through the year and large variation year to
year lead to frequent episodes of flood and drought. The precipitation varies

 Fig. 9.6: Extent and severity of long term drought – Canada.
Courtesy: Alberta Agriculture, Food and Rural Department
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greatly from year to year and from season to season. The average annual
precipitation in China is 648 mm, or 19% less than the world average 800
mm on land, and the volume of average annual precipitation is 6190 billion
m3. The regional distribution of precipitation gradually descends in magnitude
from the southeastern coastline to the northwestern hinterlands. The annual
precipitation in the southeastern coastal areas and parts of the southwestern
areas is more than 2000 mm, but that in the northwestern China is usually
less than 200 mm, and 50 mm in the Tarim and Turpan basins in Xinjiang
and Chaidamu Basin in Qinghai, etc. and even less than 25 mm at centres
of those basins.

The average annual evaporation from water surface also varies greatly
over regions, with the lowest value being only 400 mm, and the highest up
to 2600 mm. The low values mainly occur in mountainous areas and the
high ones on plains and plateaus. The average annual land evaporation also
shows a trend similar to precipitation, descending in magnitude from the
southeast to the northwest. It has a value of 700-800 mm in the eastern areas
and usually less than 300 mm in the western areas. The northern zone
(containing Beijing) has summer daytime temperatures of more than 30°C
and winters of Arctic severity. The central zone (containing Shanghai) has
a temperate continental climate with very hot summers and cold winters.
The southern zone (containing Guangzhou) has a sub-tropical climate with
very hot summers and mild winters. Due to a prolonged drought and poor
agricultural practices, dust storms have become usual in the spring in China.
The spring drought of winter wheat in North China; summer drought of rice
in southern China; summer drought of autumn-matured crops; autumn drought
of rice in southern China; drought in sowing period of winter wheat in North
China and winter drought of over-winter crops in South are predominant.

It has a large number of rivers distributed such as Yangtze, Yellow, Haihe,
Huaihe, Songhua-Liaohe, Pearl, Southeast Rivers, Southwest Rivers and
Inland Rivers. The Songhua-Liaohe, Haihe, Yellow, Huaihe and Inland Rivers
are practically situated in the northern areas of China and the Yangtze, Pearl,
Southeast Rivers and Southwest Rivers in the southern areas. Most of the
rivers are situated in the wet eastern monsoon climatic zone, directly flowing
into the sea, with the major ones including the Yangtze, Yellow, Heilong,
Pearl, Liaohe, Huaihe, Haihe, etc. Sixty to 80% of the water resources of
northern China are generated in the five months between July and November
and 60 to 70% of the water resources in southern river basins are generated
between April and July. The river runoff varies greatly from year to year
with the ratio of maximum annual runoff to minimum exceeding more than
10 in some areas. In addition, some major rivers have seen consecutive dry
years and wet years.

Yellow River once saw a low flow span of 11 years from 1922 to 1932
with an average annual flow 24% less than the normal one, and also saw a
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wet span of nine years from 1943 to 1951 with an average annual flow 19%
more than the normal one. The volume of annual river runoff in the country
is 2711.5 billion m3, equivalent to a depth of 284 mm over the whole land
area. The direct recharge by precipitation accounts for about 71% of this
volume, and indirect recharge by precipitation via aquifer 27% and recharge
by glacier and snow melt 2%. The total volume of river runoff in the five
northern river basins account for less than 20% of the national total, but the
four southern river basins account for more than 80% of the national total.
The river runoff is also unevenly distributed within the year. The ratio of
maximum annual runoff to minimum usually has a value of less than 5 in
the southern areas, but may exceed 10 in the northern areas. The intra-year
variation of river runoff is also big as affected by the size of river basin as
well as intra-year variation of precipitation. The rivers in the northern areas
show a bigger intra-year runoff variation with the maximum runoff of
consecutive four months accounting for more than 80% of the annual total
in some areas, and this ratio has a value of about 60% for rivers in the
southern areas. There are three major lakes – Dianchi next to Kunming in
Yunnan; Chao, in Central Anhui; and Tai in southern Jiangsu.

Groundwater aquifers in China are the Paleozoic formations of China,
excepting only the upper part of the carboniferous system, which are marine,
while the Mesozoic and Tertiary deposits are estuarine and freshwater, or
else of terrestrial origin. Groups of volcanic cones occur in the Great Plain
of north China. In the Liaodong and Shandong peninsulas, there are basaltic
plateaus. Trans-boundary aquifers are: Ertix River Plain (porous and shared
with Kazakhstan), Tacheng Basin (porous and shared with Kazakhstan), Ili
River Valley China (porous and shared with Kazakhstan), Middle
Heilongjiang-Amur River Basin (porous and shared with Russia), Yalu River
Valley (fractured/fissured and shared with Korea), Nu River Valley (karstic
and shared with Burma), Upriver of Zuo River (karstic and shared with
Vietnam) and Beilun River Basin (karstic and shared with Vietnam). Most
of the ground water in mountainous areas flows out as base flow of rivers,
thus overlapping with surface water resources and being mainly exploited as
surface water. The degree of development percent for China is estimated to
be about 47% overall and varies from 26% in the Southwest Basin to 96%
in the Hai. The Northern and Southern basins are estimated to have developed
about 63% and 41% of their utilizable water resources respectively. The
groundwater abstraction ratio is estimated to be about 40% for entire China.
The current demand for ground water is estimated to be about two-third of
total available groundwater supply. The high ratio in non-process depletion
includes evaporation from swamps, bare surfaces etc irrigation withdrawals
(25% of return flows), flows to sink (5-10% of the return flows), evaporation
from reservoir surfaces (15% of the reservoir capacity). Unsustainable of
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water use takes place in northern basins. The Haihe basin uses almost all of
its available groundwater supply.

China’s crop production deficit in 2000 was 11% of total consumption.
Much of the deficit is related to oil seeds and, in the southern region,
vegetables. At the same time, the southern basins have substantial rice
surpluses while the northern basins have substantial wheat and maize
surpluses. In some areas of the northern plain, water tables have fallen by
70 to 100 m and in some western areas by more than a hundred metres over
the last decade. Where salty groundwater is used for irrigation, scarce surface
water resources are also required to blend with the ground water to reduce
salinity to a level where crop germination and seedling cultivation is still
possible.

With most rain falling in a few summer months these areas are heavily
dependent upon reservoir storage and ground water in order to provide
irrigation, especially during the spring planting season (before the summer
rain) and to provide consistent supplies to cities and industry. On the basis
of normal demand and non-excessive extraction of ground water, China’s
annual shortage of water is 30-40 billion m3. Every year, 7-20 million ha of
farmland suffers from drought. Of the 669 Chinese cities, 400 suffer from
insufficient water supply with 100 in severe shortage of water and affecting
160 million people. Shortage of water resources has become a heavy constraint
on social and economic development in China, especially in northern China.
Domestic consumption per capita is 212 l/h/d in urban areas; this compares
with 150 l/h/d in UK and 427 l/h/d in United States. Water consumption in
rural areas is 68 l/h/d. Among the various kinds of water uses, the rate of
water consumption was 68% for agricultural irrigation. Uneven distribution
of water resources i.e., precipitation is influenced by monsoon, topography,
locality, etc.

Droughts are second only to floods as the natural disaster resulting in
deaths in China, having claimed some 3.5 million lives since 1906. Beijing
was struck by about 15 sandstorms which primarily originated from the arid
and semi-arid deserts in the North-West. The death toll due to drought is
dramatically reduced with national management of storage and distribution
of grain. Drought occurring in China are induced by scarcity of water
resources, lack of engineering projects, water pollution and mixed reasons.
The impacts can be classified as droughts in agricultural areas, droughts in
pastures, difficulties in drinking water in rural areas, and water shortage in
urban and industrial areas. The area affected by droughts is quite large, the
duration of drought is long, and the effect of droughts on agriculture is most
serious. Historically, some droughts lasted several months, even several years.
Droughts occurred in a consecutive period from 1959 to 1961, resulted in
the average annual area of 35 million ha affecting more than 10 provinces.
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In the last 50 years, 19 years suffered droughts in an area of 20% plus of
the total territory (the seriously affected areas in an area of 10% plus of the
total territory), spreading over 10 provinces, autonomous regions and
metropolises; the probability of occurrence of drought was 38%. The
probability of occurrence of drought in the Haihe River, Huaihe River and
Yellow River basins is larger than that in the area along the middle and
lower Yangtze River, South China, and coastal area in Southeast China.

In the areas lying to the north of the Huaihe River, spring drought, summer
drought and consecutive droughts in spring and summer may occur while
spring drought is the major one; in the area of the middle and lower Yangtze
River summer drought and autumn drought may occur while summer drought
is the major one; in South China consecutive droughts in summer and autumn
may occur while the most serious droughts occur in mid-summer; in the area
of the upper Yangtze River and Southwest China consecutive droughts in
spring and summer may occur while spring drought is the major one. It may
occur simultaneously in the Haihe River, Yellow River and Haihe River
basins. The probability of simultaneous occurrence of drought in the lower
Yangtze River and Southeast China is higher than the former. A close
relationship of occurrence of droughts in the Huaihe River Basin and the
area of the middle Yangtze River exists. 2004 was labelled as the worst in
the past 50 years and was a catastrophe for Southern China. Water in
hydrologic storage systems such as rivers and reservoirs are often used for
multiple purposes such as flood control, irrigation, recreation, navigation,
hydropower and wildlife habitat. The drought emptied reservoirs and cut
power supplies. In the hardest-hit region of Guangxi Province, 1100 reservoirs
went dry and hydropower generation cut dramatically. The socio-economic
loss from drought was enormous.

The mighty Yellow River, tapped by factories and farmers along its 3000-
mile (5000 km) course, is reduced to an intermittent stream by the time it
reaches its mouth in Shandong Province. In Beijing, the water table and key
reservoirs are at their lowest levels since the early 1980s. Water resources
per capita are 300 cubic metres which is just 3.3 per cent of the world
average in the capital city. Prolonged drought persisted in China’s northern
plains, with wheat one of the crops worst affected. In the northern province
of Shaanxi of China, the drought affected some 667,000 hectares, 40 per
cent of the province’s farmland. Reduced plantings and a serious drought
have led to a sharp reduction in wheat production. Severe drought in Southern
China in 2006 has deprived 520,000 people short of drinking water and
damaged crops. In Guangxi region (mountainous) on China’s southern coast,
102,000 hectares of crops were damaged. Chongqing (on south western
portion) located along the upper reaches of the Yangtze River and its
neighbouring Sichuan provinces received an average of 287.1 mm of rainfall
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during 1st June to 14th August, which is 103 mm lesser than median. The
measured temperatures were greater than 40°C for 13 days (greater than the
highest record). This has affected 2.07 million hectares of farmland and
accessibility to drinking water for eight million residents in the region. It is
believed that the unusual drought in Chongqing and Sichuan of 2006 was
one of the many footnotes of abnormal climate related to global warming
(Lianyou Liu, 2007).

Yellow and Songliao basins have sufficient paddy surpluses to meet deficits
in northern basins and for other crops such as wheat, maize, pulses, oil
crops, and vegetables. The production deficits in these basins account for a
large share of China’s total production deficits and hence agricultural imports.
Drought impact on urban water supply – Upto 2004, among 660 cities
throughout the nation, there were 400 cities in the state of water shortage all
over the year and 110 cities stricken by heavy water shortage, direct industrial
loss was 230 billion Yuan each year. Drought impact on ecosystem – At
present, 667,000 km2 arable land and 2,350,000 km2 pasture have degraded
into mobile sandlots. Nearly 24,000 villages have been threatened by sandlots,
and a great number of farmers and herdsmen have come down to “ecological
refugees”. Drought also caused groundwater table decline, the invasion of
sea water, degradation of pastures, the dryness of reservoir, river and lakes
and dust storms. The government plans to mitigate water pollution by investing
in wastewater treatment facilities. Figure 9.7 shows the drought affected
areas.

Drought mitigation approaches are: (1) Lawmaking for drought; (2)
Preparedness planning for drought; (3) Chief administrator responsibility
system; (4) Hydro-engineering construction – Irrigation zone construction,
engineering for water storage, transfer and collection, water source reservation
for drought, water transfer across watershed; (5) Using floodwater – Reservoir,
flood storage and detention zone and lakes; (6) Water saving society –
Agricultural techniques innovation – water saving irrigation, dryland farming,
drought-resistant variety, agricultural structure adjustment, water right and
water quantum system to encourage water saving, water price system to
encourage water saving, economy structure adjustment – social and economy
development and planning according to water resources condition; (7) Drought
mitigation service network; (8) Investment system on drought reduction; (9)
Drought monitoring and information management system; (10) Artificial
rainfall – Application in more than 20 provinces; and (11) Research on
drought mitigation – Drought monitoring and early warning. Water saving
technique, preparedness planning, agricultural drought insurance system,
drought risk management and water transfer across watersheds are being
attempted – Transferring Yellow River water to Tianjin City; the emergency
water diversion in the Pearl River basin for salt water extraction and fresh
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water addition; Donghaiyanju water transfer; Baiyang Lake water transfer;
Zhalong wetland water transfer; Beijing water transfer and South-to-north
water transfer.

With respect to water, the decision objectives are: strengthening drainage
basin management, defining and protecting water sources zones, defining
and managing trans-provincial water pollution; planning economic
development to suit water resource conditions, building water saving
agriculture and investing to provide 70% wastewater treatment in urban
areas by 2010. All kinds of engineering and non-engineering measures should
be adopted to solve the water-shortage problem and rationally develop and
utilize the local water resources. (a) The overall planning and despatching
and reasonable allocation of water from rivers, lakes and reservoirs as well
as ground water should be implemented; (b) The use of rain-water; for the
arid and semi-arid areas, the rain-water collecting projects should be
constructed to store the rain-water during the raining season for daily-life
use and supplementary irrigation use; (c) Reuse of waste water. In the urban
and industrial areas, the large amount of waste water should be properly
treated and discharged according to the required criteria and for agricultural
and environmental uses so as to make the waste water new resources;

Fig. 9.7: Drought conditions in China.
Courtesy: National Climate Center of China, Meteorological Administration
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(d) The use of light salty water; in the northern coastal areas and the
northwestern inland areas, there is large amount of light salty water which
can be used. According to the needs for crops and plants, the alternative use
of fresh water and light salty water can help ease the situation of local fresh
water shortages; (e) The use of sea water; China has a long coastal line. In
the coastal areas, large amount of sea water can be used as cooling water for
industries. The sea water can also be desalted to replace fresh water in order
to solve the local fresh water shortage problem.

The average water use efficiency (WUE) in China is about 45%, while it
is 80% in the United States of America (USA); and the average water
production efficiency (WPE) in China is 1.0 kg/m3, while it is above 2.0 kg/
m3 in the USA and Israel. The low performance of agricultural water
management indicates a lack of capacity in this field. The physical constraints
are perennial, unsteady and supplementary irrigation zones, on the basis of
the annual precipitation and the requirements of the agricultural development
on irrigation and drainage. The perennial (where precipitation is less than
400 mm) and unsteady irrigation zone (with over 400 mm and less than
1000 mm of annual precipitation, strongly influenced by monsoon) cover
more than 60 percent of the total territory. The competition for water for
industrial and domestic uses – The Miyun Reservoir (the biggest reservoir
in North China) used to supply water for irrigation. As of 1990, it can no
longer meet the farmers’ needs due to the increasing industrial and domestic
water demand. About 71 billion m3 of water resources were transferred from
the agricultural sector to the industrial and domestic sectors during 1980-1997.

Operation and maintenance of irrigation and drainage infrastructure –
Most irrigation and drainage infrastructures in China were built during 1950s–
1960s and financed by the government. Irrigation and drainage infrastructures
do not receive appropriate maintenance and the situation is aggravated by
the on-going institutional transition from planned economy to market economy
in China. Legislation and institutional arrangements – Ministry of Water
Resources (MWR) is charged by the responsibility for unified management
of water resources. The seven major river basin commissions have the function
of administering water in the relevant river basin. The local water resources
authority comprises four levels i.e. the provincial, prefecture, county bureaus
and the village (town) water management stations which assume the functions
and responsibilities of local water administrative management within their
respective jurisdictions. The management bureau (irrigation district agency)
is often assigned the functions and responsibilities for water allocation and
infrastructure maintenance within the irrigation district which, after buying
water resources from river basin commission or local authority, sells the
water to farmers.

Rehabilitation of existing agricultural water infrastructure – Agricultural
water projects are poorly maintained and partly destroyed, and provide low
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quality service. Reconstruction of agricultural water management institutional
system – It is time to transfer administration from government to farmers and
establish a decentralized management system, of which a water user
association (WUA) will be of great importance. The irrigation district agency
is responsible for the operation and maintenance of main canals and main
laterals. WUA, which is an autonomous corporation, buys water from the
agency and sells it to farmers.

Stakeholder participation in management are: motivating all farmers to
maintain and manage water projects and decreasing many redundant processes,
avoiding various unreasonable burden and fees and protecting farmers’
benefits; bringing down the water prices and raising water use efficiency;
and ultimately, reducing dissensions on water use and promoting water
management by charging according to volume of water consumption and
door to door collection of fees from farmers. Reform of water charge system
– Traditionally, the village leader or the water officer of the village committee
is responsible for the village’s water management system and for the collection
of water fees from individual farmers. Mismanagement and asymmetric
information have frequently caused much bad conduct such as open access
and free-riders. From the farmers’ point of view, there has been no linkage
between the quality of irrigation district service and the fees paid. Indeed,
high charges, low service quality and unclear management accountability
have discouraged farmers from paying the charges.

Encourage crop production and enrich farmers – Low incomes from
crops result in low incentives for investment in agriculture and its related
issues including agricultural water management. Farmers have no money
and no incentive for infrastructure construction and its proper operation and
maintenance. This greatly weakens the capacity of agricultural water
management. The agricultural tax exemption policy began from the northeast
provinces of China in 2004, and has now been put into force in most provinces.
Planted areas are protected to guarantee output; the direct subsidy system is
completed to financially support farmers and agricultural production; and a
compensation mechanism is established to reimburse grain production regions.
More financial expenditure has been allocated to irrigation construction and
other public projects in grain production areas through irrigation area
rehabilitation project. Promote the establishment of water rights and water
market – Due to the lower margin price of agricultural water, it is often
transferred to the industrial and domestic sectors. There is no appropriate
water right system in China, so agricultural water is often transferred without
any fee. They need to be vested with clear water rights to give the right
incentives for improvement of the irrigation system. Capacity development
and water market can promote each other.

Due to large-scale development and utilization of water resources along
the river, the conflict between water supply and demand along the Yellow
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river has been intensified since the 1990s. Meanwhile, the lower reaches of
the Yellow River tended to dry up more frequently. It was the worst in 1997
when the Yellow River did not reach the sea for 226 days.

Southern China is abundant in water while northern China is short of
water. The South-to-North Water Transfer Project is an important infrastructure
aimed at promoting optimum allocation of water resources nationwide. The
project will transfer water from the lower, middle and upper reaches of the
Yangtze River, forming three routes of water transfer, namely the East Route,
the Middle Route, and the West Route. Connecting the four major rivers i.e.
the Yangtze River, the Yellow River, the Huai River and the Hai River, the
project will form an overall pattern of water resource allocation characterized
by “four latitudinal rivers and three longitudinal rivers”, making it easier to
allocate water across the country. The Project for Integrated Management of
the Tarim River Basin and the Heihe River Basin was launched to transfer
and divert water to the lower reaches that are deteriorating in ecological
environment. The Tarim River, the largest inland river in China, gets water
again after more than 20 years of drying-up in its 363 km-long lower channel,
bringing life to the dying vegetation of the desert. The Green Corridor
regained its vitality. Remarkable improvement was also achieved in the
ecology in the lower reach of Heihe River, the second largest inland river of
the country.

European Union

Member countries of the European Union is grouped into southern countries
(Bulgaria, Cyprus, France, Greece, Italy, Malta and Spain); western and
central countries (Austria, Belgium, Denmark, France, Germany, Ireland,
Luxembourg, Netherlands, Portugal, and United Kingdom); Nordic countries
(Finland and Sweden) and eastern countries (Czech Republic, Estonia,
Hungary, Latvia, Lithuania, Poland, Slovenia, and Slovakia). About 18% of
the total water abstraction in EU is used for public water supply, 24% for
agriculture, 14% for industry and 44% for energy production. Climate –
Mean annual precipitation is likely to decrease over much of Europe
(particularly in Southern and Central Europe). Changes in extremes are likely
to be more dramatic than in the means. A joint effect of a temperature and
drop in precipitation (drop number of precipitation days) is foreseen for the
summer and this is likely to result in an increase in drought severity and
frequency. Cyprus has a semi-arid climate and limited water resources which
almost entirely depend on rainfall that is highly variable with considerable
regional variations. 2, 3 or 6 consecutive dry years are observed. It has small
catchments that do not provide any perennial flows. High air temperatures
in summer, when associated with clear skies and sunshine increase the
evapotranspiration to the extent that little or no rainfall is available for
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ground water or river recharge and also aggravate the severity and duration
of drought events. Winter droughts are caused by precipitation being stored
in the catchment in the form of snow and ice preventing any recharge of
rivers or aquifers until air temperatures rise again and snow melting starts.
Delay in the start of the rainy season, occurrence of rains in relation to
principal growth stage and the effectiveness of the precipitation (intensity
and number of events) also cause drought situation. High wind velocities
and low relative air humidity are often associated with a drought event in
many regions of the world and can significantly aggravate its severity.

Water extraction of the western and central countries, 42% (106,138 Mio
m3) of the total water abstractions, is followed by southern countries 40%
(99,506 Mio m3), eastern countries 16% (38,769 Mio m3) and Nordic countries
2% (5662 Mio m3). 50% of the abstracted water is used for agriculture by
southern countries whereas western countries use 56% for energy production.
13% of water consumed by EU is used for public water supply, 69% for
agriculture, 10% for industry and 8% for energy production. Southern
countries consume 65% (43,327 Mio m3) of the total EU consumption
followed by west and central 23% (15,673 Mio m3), eastern countries 10%
(6558 Mio m3) and Nordic countries 1% (196 Mio m3). Tourism activity
along the Mediterranean coast reaches upto 2300 people/km2 during the
summer and the consumption increases accordingly. Water availability per
capita and the country is the lowest for Malta and Cyprus – <500 m3/capita/
year. The role of irrigation differs between countries and regions because of
climatic conditions. It is an essential element of agricultural production and
cultivable areas are irrigated throughout the growing season each year in
Southern countries. Maize is the major crop in Greece (80%), Spain (72%),
Italy (60%) and Portugal (59%) that requires irrigation support. Irrigation is
generally used to improve production in summers in Central and Northern
countries. Water allocation rate decreased slightly from 6578 to 5500 m3 per
hectare per year between 1990 and 2000.

Droughts in Europe are not rare. Whilst a severe water shortage at specific
location is expected once every 50 years, scarcely five years go by without
a shortage across at least some part of Europe and some of these events can
last for several years. The major impacts of recent events are: 1973 Austria,
Germany + former Czechoslovakia – Very dry winter/spring resulting in low
snow-melt and subsequent water shortages; 1976 Northern Europe
(Scandinavia to France) – Unprecedented 16-month duration in UK led to
massive subsidence claims as building foundations failed. French milk yields
were reduced by 25%; 1984 North and west UK – Very dry spring and
summer led to the imposition of hose pipe bans; 1988-92 Most of Europe
– Anomalous circulation pattern caused rainfall deficits over a large area
interspersed with short wet periods causing large scale subsidence; 1992
Germany, Hungary, Bulgaria and much of western Russia – German crop
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production reduced by 22%. Irrigation suspended in Bulgaria. Worst Russian
drought in 10 years. 1990-95 Spain and Portugal – Prolonged drought across
the entire Iberian peninsula. Water supplies in Seville were cut for upto 12
hours per day during 92-93. Hydroelectric power suspended 94-95. 1995
Ireland, UK, Norway and Sweden – Agricultural losses in the UK were
valued at £180 m. Reductions in Norwegian hydropower capacity led to
600% increase in mean weekly prices; 1999 Finland – Hot dry summer
resulted in very low water levels in rivers and groundwater; 2003 Much of
continental Europe – Many deaths from unusually prolonged high
temperatures. Forest fires, subsidence, power cuts and agricultural losses.

Droughts and long dry periods have led to serious power failures in
Europe and in consequence to great economic losses in the industrial sector
and tourism. Meanwhile most drought assessments concentrate on the effect
on the vegetation and estimate economical losses of agricultural production.
The drought risk should also take the effects on the producing industry and
the service sector into account. The European countries’ agricultural GDP
share is well below 5%, in most of the countries it is less than 3%. Therefore
in Europe drought impacts on the industry and service sector are more
harmful to the economy than agricultural losses. The 2003 drought in Europe
accounted for almost 1/3 of the economic natural hazard losses (Munich Re,
2004). The long-term drought effect on groundwater and surface water levels
has a strong impact on, e.g. power production. Nuclear power plants, for
example, might have to run on lower production rates because their cooling
systems depend on rivers or lakes. Most of the hydropower plants in areas
affected by droughts suffer from reduced energy production due to lower
water levels; this is especially crucial for an economy in a country like
Norway that is depending on hydropower. Other countries in northern Europe
that have a high consumption of hydropower also experience the economical
effects of rising electricity prices during droughts.

Additionally, power plants might have to shut down because the cooling
water taken from lakes, rivers or the sea might be too warm to be used.
Meanwhile failing groundwater recharge in a certain period does not
necessarily have long lasting ecological effects; an accumulation of many
events over several years can affect the entire ecological system. It is also
important, for instance, to take the dependency of a groundwater system on
annual recharges into account. Regions with very shallow aquifers require a
steady recharge meanwhile deeper and larger aquifers can cope easier with
drier years, simply because they store much more water. In Europe the man-
made impact on droughts is considerable. There are several examples of
water resource mismanagement, such as over-pumping of aquifers, sealing
of areas increasing surface runoff and restricting groundwater recharge,
overuse of water in dry areas and intensive agriculture, and many more.
Since climate conditions that lead to droughts are extremely difficult to
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predict and they are usually not recognizable until they are already well
advanced, the drought hazard can only be managed by the sustainable use
of water resources. Water should be stored in times when it is abundantly
available in order to ensure enough supply during a drought.

Norway has problems with water deficiency because the country’s economy
is strongly depending on hydropower. Even though Norway has some of the
rainiest places in Europe small negative deviations in precipitation can lead
to energy problems because the water reservoirs are not refilled appropriately.
Meanwhile Portugal and western Spain have the largest drought potential in
Europe, eastern Spain appears to have generally a lower potential than central
Europe. Some areas in southern Europe that are usually associated with
droughts appear less dramatic in this map. The reason for this lies in stronger
local effects of agricultural droughts, as these might partly be related to the
adequacy of agricultural systems and related water scarcity. Also southern
Italy appears to have a low drought potential, even though it is surrounded
by areas with a higher drought potential. Southern Italy is not directly related
to precipitation deficits but to other reasons not displayed here.

Austria, Belgium, Cyprus, France, Hungary, Italy, Lithunia, Malta, the
Netherlands, Norway, Portugal, Spain and United Kingdom have been affected
by droughts in the last thirty years (1976-2006) with different degrees of
intensity; Italy, Portugal, Cyprus, and Spain have registered 8 to 21 events
while large parts of the Cyprus, Finland, France, Italy, Malta, Portugal and
Spain are frequently affected. Drought is predominant for one month in
Hungary, Germany and Lithunia and two to six months in Austria, Belgium
and France.16 countries are considered as non-water stressed based on Water
Exploitation Index (indicates the nation as a whole). Bulgaria and Romania
have low WEI (10-20%) while Cyprus, Italy, Malta and Spain are water
stressed (WEI >20%). South East and Thames River basin districts of England
are affected by water scarcity. Western parts of Flanders of Belgium experience
water stress due to the imbalance between pumped amount of ground water
and the limited recharge through the thick clay layers. This has locally
caused a great decline in piezometric heads in the aquifer of the Creataceous
layers and Landenian sands. Groundwater levels dropping up to 165 m were
observed. Denmark’s groundwater abstraction exceeds sustainable recharge
by upto 300% around Copenhagen and large towns and irrigation is dominant
in Western Jutland and exceeds sustainable recharge by upto 70%. Eastern
part of Slovakia has problem with ground water and it is tackled by ensuring
drinking water from surface water reservoirs. Over-exploitation of ground
water occurs in Cyprus (13 groundwater bodies – 68% are at risk from over-
pumping). 30% of groundwater bodies are at risk as a result of groundwater
abstractions attributed to – public sources providing ground water for the
municipal supply; abstraction sources utilized by the private sector and low
yield shallow wells utilized for secondary domestic purposes. Groundwater
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abstraction is important in three river basin districts (30%). Some of the
water bodies classified at doubt are significantly impacted by water abstraction.

Desalination has been introduced in Cyprus to increase water security at
one unit in 1997 at a production capacity of 40,000 m3/day and second in
2001 at a production capacity of 51,667 m3/day that has led to higher energy
consumption (8% of total electricity consumption). Coastal areas and islands
are the most exposed to interruption in water supply. Farmers bear high
water costs due to deeper groundwater pumping and insufficient surface
water resources leading to income losses and decrease in agricultural
competitiveness. In Spain impact of costs on energy production and agriculture
is significant leading to re-conversion of irrigated lands due to water scarcity.
Water prices for households have increased by 30% in Segura basin.
Agricultural margins are reducing and a greater uncertainty is being put on
production leading to loss of competition. Water deficiency in Italy may lead
to difficulties in drinking water supply and also on tourism. Agriculture is
affected in eastern parts of Germany. The Netherland incurs 25 millions
Euro per year for tourism, 600 millions Euro per year for agriculture and 72
millions Euro per year for inland navigation. Water prices are increased in
South East and Thames river basin districts in England to ensure security of
supply. Industry, energy and agriculture sectors are obliged to invest in water
efficient technology and water harvesting/alternative supply sources. In
Finland, water supplies provide 50 lts per inhabitant per day in a situation
where the main water intake is out of use.

Over-pumping from ground water to meet water demand resulted in the
depletion of all aquifers and sea water intrusion in many coastal aquifers in
Cyprus. Saltwater marine intrusion is taking place at over-exploited Segura
basin in Spain. 80% of the exploited water is fed to irrigation needs. Reduction
of water flows and storage lead to rising pollutant concentration in water
bodies and, therefore, water quality deterioration and minimum flow
requirement of ecosystems are not guaranteed in Italy. Loss of natural value
may be noted, as it is influenced by the amount of water, seepage level,
quantity of salt in ground water and surface water as well as the features of
water coming from outside the area is seen in the Netherlands. Unsustainable
abstractions have caused low river flows, poor quality and loss of wildlife
including fish, in addition to shrinkage of aquifers and low groundwater
levels in South East and Thames river basin districts in England.

Mitigation – Demand side measures were taken by the member countries
such as: reduction of leakages (10-20%) in the distribution networks in
Sweden; regulatory target for leakage reduction based on economic principles
in England and Wales; water savings – appliance design and efficient building
standards to enhance the number of low water consumption installations by
Germany; a law banning the use of hosepipes for car washing or pavements
and subsidies for water reuse in Cyprus; new technologies and changing
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processes in industry and agriculture to get wise use of water; natural storage
improvement, improvement of irrigation technology, optimizing soil water
utilization and irrigation and improving agriculture management to reduce
water consumption; moving from public supports for irrigation development
to public supports directly aimed at improving existing infrastructures and
lowering agricultural uses (reduction in water consumption per ha or irrigated
areas); promotion of improved waste water reuse where appropriate (projects
underway in Barcelona and other towns in Spain and recycled water for
irrigation and groundwater recharge in Cyprus); setting up water banks and
quota systems (quota system and penalty charges for over-consumption in
Cyprus and emergency legislation in improving irrigation networks in Spain);
setting-up adapted pricing policies (French draft water law – water use fee
based on volume abstracted over the year, cost of possible substitution
reservoirs borne by all agricultural water abstractors in the affected river
basin); and awareness campaigns.

The following water pricing system is followed: Austria – drinking water
charge, waste water fee, no pollution charges, no resource costs to any user
for taking surface or groundwater, sewerage and waste water charges; Belgium
– abstraction charge, waste water charges; Finland – drinking water charge,
waste water charge; France – pollution levy, withdrawal levy, taxes on water
used; Germany – surface water abstraction charges, waste water charge;
Greece – waste water charge with sanitation fee; Hungary – drinking water
charges, water and sewerage charges; Italy – waste water tax, tax on polluted
discharges into the environment; Malta – sanitation fee; Portugal – drinking
water charge; Slovenia – drinking water charge, water pollution fees, general
tax for water pollution; Spain – water pollution fee on discharges into rivers;
waste water charges, municipal sewage service charge, drinking water charge;
Sweden – tax for collection and treatment of waste water.

Agriculture water tariffs are based on – pricing method by land area
(based on irrigated area and crop area segmentation); metered pricing –
(usage volume or time-based calculation); dual pricing – block rate pricing
and different prices for different users; improved charged pricing – fees
based on agriculture land and irrigation that are on the increase; incentive
metered pricing – fees are charged for exceeding a given volume of water
and incentives provided for conservation; passive water intake – a balance
in overall water supply and demand in an irrigation district and farming
families use the water freely according to the needs, total water usage rights
of the family (if water is conserved rebates are paid) and water market
pricing method (price is set by voluntary payments for marginal water volume
units of farming families). Supply side measures – preservation of the
functioning of natural catchments and aquifers by way of possible design
adapted agro-environmental measures and focus them on drought areas;
improvement of the efficiency in the use of existing water infrastructures
and water recharge aquifers.
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United States of America

Geomorphic or physiographic regions are broad-scale subdivisions that are
based on terrain texture, rock type, and geologic structure and history. Nevin
Fenneman’s (1946) three-tiered classification of the United States - by division,
province, and section – has provided an enduring spatial organization for the
great variety of physical features. Rainfall climatology differ significantly
across the United States. Late summer and fall extratropical cyclones bring
a majority of the precipitation which falls across western, southern, and
southeast Alaska annually. During the fall, winter, and spring, Pacific storm
systems bring precipitation to most of Hawaii and the western United States.
Lake-effect snows add to precipitation potential of the Great Lakes, as well
as Great Salt Lake and the Finger Lakes during the cold season. The El
Niño-Southern Oscillation affects the precipitation distribution, by altering
rainfall patterns across the West, Midwest, the Southeast, and throughout the
tropics.

During the summer, the Southwest monsoon combined with Gulf of
California and Gulf of Mexico moisture moving around the subtropical ridge
in the Atlantic ocean bring the promise of afternoon and evening thunderstorms
to the southern tier of the country as well as the Great Plains. Equatorward
of the subtropical ridge, tropical cyclones enhance precipitation across southern
and eastern sections of the country, as well as Puerto Rico, the United States
Virgin Islands, the Northern Mariana Islands, Guam, and American Samoa.
The jet stream brings a maximum summer precipitation to the Great Lakes.
Large thunderstorm areas known as mesoscale convective complexes move
through the Plains, Midwest, and Great Lakes during the warm season,
contributing upto 10% of the annual precipitation in the region. The eastern
half of the contiguous United States east of the 98th meridian, the mountains
of the Pacific northwest, and the Sierra Nevada range are the wetter portions
of the nation, with average rainfall exceeding 30 inches (760 mm) per year.
The drier areas are the Desert Southwest, Great Basin, valleys of northeast
Arizona, eastern Utah, central Wyoming, and the Willamette Valley. Increased
warming within urban heat islands leads to an increase in rainfall downwind
of cities.

The two patterns of rainfall which stand out are: the gradual transitions
east of the eastern flanks of the Rockies, versus the heterogeneity in the
West. In the West the rainfall patterns are strongly controlled by topography
and proximity to the Pacific Ocean. Places east of an N-S oriented mountain
range, such as the Cascades of Washington and Oregon, are dry, drier than
places at the same elevation on the west side of the same mountain range.
A second pattern dividing east from west is that in the East, it tends to be
wetter to the south, where warmer air holds more water vapour, which
largely originates over the Gulf of Mexico. In the West, it is wetter to the
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north, as most frontal systems stay north, especially in summer. Precipitation
increased by about 10% since 1910. Both the rainfall frequency and intensity
have increased. There are six more days with rain each year since 1910, on
average, and there are more days with heavy rainfall, e.g. over 2'’ (50.8 mm/
day).

The percentage of total rainfall contributed by falls within the top 10
percentile has increased from 36% to 40%. The median rainfall shows no
trend, on the whole. There appears to have been cycles of about 20 years and
12 years in the annual rainfalls in five states in the Midwestern USA over
the past century. The minima correspond to times of drought in the 1910’s,
1930’s, 1950’s and late 1970’s. These interdecadal rhythms seem limited to
the Midwest and central plains, and not to be present in the eastern and
northern parts of the contiguous US. The quasi-12-year cycle is not evident
in most of Nebraska. A reduction in the amplitude of the 20-year cycle since
about 1965 has been accompanied by an increase of the 12-year cycle, with
an overall increase of annual rainfall. It is suggested that the changes are due
to alterations in sea-surface temperature and sea-level pressure in the north
Atlantic, which have the same periodicities and relate to the intensity of the
Bermuda high, i.e. the North Atlantic Oscillation. This anticyclone controls
a low-level jet across the plains which bring moisture there.

River – Missouri, Mississippi, Yukon, Rio Grande, St. Lawrence, Arkansas,
Colorado, Red, Brazos, Columbia, Snake, Platte, Ohio, Pecos, Canadian,
Tennessee, Colorado, North Canadian, Mobile, Kansas, Kuskokwim, Green,
James, Yellowstone, Tanana, Gila, Milk, Quachita, etc. are some of the rivers
which flow within the territory and Alsek River (Canada), Columbia river
(Canada), Okanagan (Canada), Kettle (Canada), Kootenay (Canada), Skagit
(Canada) and Yukon (Canada) are flow-out/in-coming rivers.

Major Crops Grown - corn grown on over 400,000 farms and 80% of all
US corn is consumed by domestic and overseas livestock, poultry, and fish
production. 73 million acres of cropland produce soybeans which accounts
for over 50% of the world’s soybean production. Hay-Alfalfa crop grown is
mainly for domestic consumption. About two-thirds of total U.S. wheat
production comes from the Great Plains (from Texas to Montana). Wheat is
classified by time of year planted, hardness, and colour (e.g. Hard Red
Winter (HRW)). 32,000 farms produce over 20% of the world’s cotton grown
from coast-to-coast, but in only 17 southern states. Grain sorghum, primarily
used as an animal feed, but is also used in food products and as an industrial
feedstock is grown in Kansas, Texas, Nebraska, Oklahoma, and Missouri
that accounts for 70% to 80% produce of world sorghum exports. 9000
farms produce rice in Arkansas, California, Louisiana, Mississippi, Missouri,
and Texas that account 1% of the world’s total.

Groundwater system in the United States is unique in terms of climate,
hydrogeologic framework, and boundary conditions (both type and location),
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and they respond differently to stress. Thus, the sources of water (that is, the
location and magnitudes of changes in inflows, outflows, and storage) that
supply withdrawals from major aquifer systems in the United States are
highly variable. Biscayne Aquifer, Bruceian Aquifer, Edwards Aquifer,
Floridan Aquifer, Great Miami Aquifer, Kirkwood-Cohansey Aquifer, Lloyd
Aquifer, Mahomet Aquifer, Ogallala Aquifer, (also known as the High Plains
Aquifer), Ozark Plateau Aquifer, San Diego Formation, Sankoty Aquifer,
Snake River Aquifer and Spokane Valley-Rathdrum Prarie Aquifer are some
of the significant aquifers.

Ogallala aquifer is one of the world’s great aquifers, but in places it is
being rapidly depleted by growing municipal use, and continuing agricultural
use. It underlies portions of eight states, contains primarily fossil water from
the time of the last glaciation. Annual recharge, in the more arid portions of
the aquifer, is estimated to total only about 10% of annual withdrawals.
Kirkwood-Cohansey aquifer located under the Pine Barrens (New Jersey) of
Southern New Jersey, contains 17 trillion US gallons (64 km³) of purest
water. Mahomet aquifer supplies water to some 800,000 people in central
Illinois and contains approximately four trillion US gallons (15 km³) of
water. Spokane Valley-Rathdrum Prairie aquifer covers 842 km2 in Eastern
Washington and Idaho provides drinking water for 400,000 people. San
Diego formation is a water aquifer for San Diego, California and Los Angeles,
California. The Snake River Plain aquifer in Idaho provides extensive water
for irrigation as well as much of the flow of the Snake River through springs.
Prior to about 1960, surface-water irrigation raised water levels in parts of
the Snake River Plain aquifer by 60-70 ft and increased groundwater discharge
to the river and springs.

The aquifers of the Atlantic Coastal Region generally are confined aquifers,
with productive units commonly overlying one another. This increase in
groundwater use from the Floridan, Northern Atlantic Coastal Plain, and
Southeastern Coastal Plain aquifer systems have resulted in a significant
expansion of the areas affected by groundwater declines since the 1983
compilation. Groundwater level declines in basin and range aquifers in
California, Arizona, Nevada, and Utah and become observable when
examining the declines from individual wells. Groundwater use from basin
and range aquifers is the fourth highest among the nation’s principal aquifers.
Groundwater use in the Mississippi River Valley alluvium, the Coastal
lowlands, and the Mississippi embayment aquifer systems have been
fundamental to the region’s agriculture, industry, and some municipalities. In
the Houston, Texas area, extensive pumpage of ground water to support
economic and population growth has caused water-level declines of
approximately 400 ft, resulting in extensive land-surface subsidence of as
much as 10 ft. Regional Aquifer-System Analysis (RASA) programme of
USGS monitors the water level from select aquifers.
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Drought – Cook and Krusic (2004) presented the multi-year drought in
the western USA and indicated that Medieval Mega drought occurred from
900 to 1300AD. This reconstruction shows an abrupt shift to wetter conditions
after 1300 AD coinciding with Little Ice Age. Studies are indicating that the
United States had other droughts between the 1700s and 1910s. The USA
experienced three major multi-year droughts during the latter half of the
nineteenth century: 1856-1865, 1870-1877 and 1890-1896. Historical events
were based on early instrumental data and an extensive network of gridded
tree-ring data have been used to identify the existence, extent and severity
of these events. These events devastated the small, self-dependent and often
isolated farming communities in the area at the time. The 1856-1865 ‘Civil
War’ drought had a profound ecological and cultural impact on the interior
USA, with the persistence and severity of drought conditions in the Plains
surpassing those of the infamous 1930s Dust Bowl area drought (known as
the Great American Desert).

The storms of the Dust Bowl were given names such as Black Blizzard
and Black Roller because visibility was reduced to a few feet (around a
metre) and led to an ecological and human disaster. The Dust Bowl of the
1930s is represented as a period for heavy drought across many states. 1934,
1936 and 1939 were extremely hot and dry years across the United States,
that led to death of many people, livestock and animals. The Dust Bowl area
is characterized by plains which vary from rolling in the north to flat in the
Llano Estacado. The area is semi-arid, receiving less than 510 mm of rain
annually that supports the short grass prairie biome originally present in the
area. During wet years, the rich soil provides bountiful agricultural output,
but crops fail during dry years. This region is subject to winds higher than
any region except coastal regions. 100°F temperature and dust storms would
be very common for people residing in northeastern United States.

During the 1950s, the Great Plains and the southwestern U.S. withstood
a five-year drought, and in three of these years, drought conditions stretched
coast to coast. The drought was first felt in the southwestern U.S. in 1950
and spread to Oklahoma, Kansas and Nebraska by 1953. By 1954, the drought
encompassed a ten-state area reaching from the mid-west to the Great Plains,
and southward into New Mexico. The area from the Texas panhandle to
central and eastern Colorado, western Kansas and central Nebraska
experienced severe drought conditions. The drought maintained a stronghold
in the Great Plains, reaching a peak in 1956. The drought subsided in most
areas with the spring rains of 1957. The 1950s drought was characterized by
both low rainfall amounts and excessively high temperatures. Texas rainfall
dropped by 40% between 1949-1951 and by 1953, 75% of Texas recorded
below normal rainfall amounts. Excessive temperatures heated up cities like
Dallas where temperatures exceeded 100°F on 52 days in the summer of
1953. Kansas experienced severe drought conditions during much of the
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five-year period, and recorded a negative Palmer Drought Severity Index
from 1952 until March 1957, reaching a record low in September of 1956.

One exceptional and really devastating drought was during 1988 and
1989. Following a lighter drought in the southeastern United States and
California the previous year, this drought spread from the mid-Atlantic,
Southeast, Midwest, northern Great Plains and western United States. This
drought was widespread, unusually intense and accompanied by heat waves
which killed around 4800 to 17,000 people across the United States and also
killed many livestock, hens, cattle, horses, farm animals and other animals
across the United States. 1988 drought destroyed crops nationwide, residents’
lawns went brown and water restrictions hit many cities. The Yellowstone
National Park fell victim to wildfires that burned many trees and created
exceptional destruction in the area. Mississippi River levels were lower than
normal during 1988 because of the conditions affecting the Upper Midwest.
During 1999, the Northeast, including Kentucky, New York, New Jersey,
Pennsylvania and Maryland were pummeled by extensive heat waves which
killed almost 700 people across the northeastern US. North American droughts
are linked to the global climate system, linked to both oscillations in the
Pacific and the Atlantic Oceans.

When the Atlantic Ocean is cooler this typically corresponds to wetter
conditions in the American west, while a warmer Atlantic corresponds to
drought and decreased water flow in the West. Changes in the Atlantic (as
measured by the AMO) interact with the PDO (ENSO, oscillations in the
Pacific between El Nino and La Nina conditions) to affect climatic conditions
on the North American continent in a complex pattern that is hard to predict
and not fully understood. The recent drought, referred to here as the early
21st century drought, has its origins in several global-scale atmospheric and
oceanic processes that reduce delivery of atmospheric moisture to the Colorado
River basin. ENSO reflects an oscillation between two basic states of the
ocean. The warm phase (negative SOI), called the El Niño, involves warming
of the eastern tropical Pacific Ocean off the coast of Peru. The warm water
spreads northward in the eastern North Pacific Ocean off the west coast of
the United States. The cold phase (positive SOI), called La Niña, is the
opposite, resulting in a cooling of the water off western North America.

Tree-ring reconstructions of Colorado River flows provide a longer-term
flow record that can be used to assess drought frequency. One of the most
important conclusions from dendrochronology is that the period from 1906
through 1930, which was partially used to determine flow allocations under
the Colorado River Compact, was likely the highest period of runoff in 450
years. The biggest drought we find in the entire record was in the mid-1100s.
It was surprising that the drought was as deep and as long as it was. Colorado
River flow was below normal for 13 consecutive years in one interval of the
megadrought, which spanned 1118 to 1179. Meko contrasted that with the



Resources, Drought Events and Management Profile of Countries / 413

last 100 years, during which tree-ring reconstructed flows for the upper
basin show a maximum of five consecutive years of below-normal flows.
The Colorado supplies water for cities and agriculture in seven western
states in the U.S. and two states in northwestern Mexico. Los Angeles, Las
Vegas, Denver, Phoenix, Tucson and Albuquerque are among the many cities
dependent on Colorado River water. Georgia Droughts – Long-term droughts
(three or more years PDI < –0.99): 1756-1760; 1762-1764; 1797-1802; 1855-
1857; 1896-1899; 1925-1927; 1954-1956; 1998-2002 and 2006- ? Long-
term droughts (two or more years PDI < –0.99): 1756-1760, 1762-1764,
1797-1802; 1855-1857, 1896-1899, 1925-1927; 1954-1956, 1998-2002, 2006-
07; 1708-1709; 1714-1715; 1839-1840; 1844-1845; 1914-1915; Return
interval is now once in 25 years.

Historic Droughts of Kansas – Monthly flows recorded at 63 gauging
stations were used to analyze droughts in Kansas by evaluating the cumulative
departures of monthly stream flows from long-term average monthly
discharges for each of the station records. As a result of the analysis, five
droughts were identified: 1929-41, 1952-57, 1962-1972, 1974-82, and 1988.
The 1929-41 drought was regional in scale and affected many of the
midwestern and western states. The recurrence interval was greater than 25
years throughout Kansas. Although the number of stream flow records long
enough to include the entire drought was insufficient, data from adjoining
states confirmed the severity. Agricultural losses during the 1929-41 drought
were extreme, and many farms were abandoned. The drought of 1952-57
also was regional. The drought recurrence interval was greater than 25 years
statewide except in the Big Blue River Basin, where the recurrence interval
was 10-25 years. Because of its severity and areal extent, the drought of
1952-57 is used as the base period for studies of reservoir yields in Kansas.
The duration (number of days/months in a year) of the 1962-72 regional
drought varied considerably across the State. Many of the streamflow records
indicated alternating less-than-average and greater-than-average flows,
whereas others indicated a steady deficit throughout the entire period.
Similarly, the drought of 1974-82 appeared to be a series of relatively short-
duration droughts at several gauging stations but sustained or long-term
droughts at others. During the 1962-72 drought, the recurrence interval
generally was greater than 25 years. However, in parts of the northwestern,
northeastern, southern, and southeastern areas of the USA drought recurrence
intervals were 10-25 years (Clement, 1991).

The recurrence interval of the 1974-82 drought was greater than 25 years
in the north-central and southeastern parts but was between 10 and 25 years
across the remaining eastern two-thirds of the State (Clement, 1991). Because
of inadequate stream flow information for comparison, the severity of the
1974-82 drought could not be determined in the western one-third of the
State. The severity of the 1988 drought varied across the State. The drought
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was most severe in the southwestern, central, and northeastern parts of the
State but minimal in the northwestern and southeastern parts. At the beginning
of the drought, reservoir storage was near or above average; hence, surface-
water supplies were sufficient to meet demands through the end of water
year 1988. Rainfall during the period generally was less than 50% of the
long-term average, and quantities were insufficient to maintain soil moisture
or contribute to groundwater supplies. The decreased soil moisture resulted
in considerable damage to maturing grain crops, decreased the growth of
forage grasses, and threatened the germination of the winter wheat crop.
Water levels in the shallow aquifers declined rapidly, which resulted in the
abandonment of many domestic water wells. At the end of 1988, the effects
of the drought were continuing to worsen. As a result, State and local officials
were considering measures to decrease water use and were requesting financial
relief for the agricultural industry. The drought of 1988 continued into the
1990’s, but at a reduced level. In the fall of 1989, precipitation returned to
near normal, and the spring of 1990 was somewhat wet. However, by the fall
of 1990 it had dried out again and continued until July of 1992. It has
continued to be on the wet side since the fall of 1992, except for a dry winter
of 1995-96 and the water year of 2000.

Large inter-annual fluctuations of precipitation occur routinely in New
Mexico. However the severe drought of the 1950s clearly stands out as
something unique in the twentieth century. For seven consecutive years,
1950-1956, annual precipitation was less than 12 inches. In three of those
years (1951, 1953 and 1956) the annual value was less than nine inches, an
amount lower than any year in the half century since then (although 2001
came close). The 1980s and 1990s were years of plentiful rainfall by
comparison. Precipitation failed to exceed 12 inches only one year in those
two decades. These were decades of explosive population growth in the
state. It is imperative for policy makers to understand that recent climatic
conditions in the 1980s and 1990s were not “normal” by any standard. The
1980s and 1990s were just as anomalously wet as the 1950s were anomalously
dry. Trees in New Mexico have yielded a wealth of information on droughts
and wet spells during the past millennium. The dendro-chronological record
shows that the period from A.D. 622 to 1994, is from a set of trees in south-
central New Mexico.

Short-term droughts hit particular spots of the United States during 1976
and 1977, which foretold the drought events that would affect many portions
of the country during the 1980s. The exceptional drought of 1988 was the
California Drought that lasted for five years beginning in 1987 and continuing
until around 1992. And Texas has notorious histories of drought. Missouri,
Arkansas, (portions of) Louisiana, Tennessee, southeast Iowa and northern
Illinois were hit with severe droughts and heat during 2005. The Quad Cities
themselves received only 17.88 inches of average precipitation during 2005.
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Droughts can develop anywhere in the United States regardless of the patterns
being El Nino, normal or La Nina. The North Atlantic Oscillation is another
factor for consideration of droughts in the United States. Also, above normal
dominations of high pressure system in any particular regional vicinity of the
United States are known seriously for creating droughts (Fig. 9.8) and the
seasonal droughts (Fig. 9.9).

The impact of drought in USA are observed on: (1) Grasses includes
discolouring which turns grasses yellow, gold shades, tan or brown instead
of green. Watering lawns is an effective way for preventing the discolouring
of grass during drought. Abnormally severe drought combined with the deep
plowing of the virgin top soil of the Great Plains killed the natural grasses.
Such grasses normally kept the soil in place and moisture trapped, even
during periods of drought and high winds. During the drought of the 1930s,
with the grasses destroyed, the soil dried, turned to dust, and blew away
eastwards and southwards in large dark clouds. (2) Dry skin, air stagnation
and substandard health are the factors to consider regarding drought impacts
on health. Still standing air becomes poisoned by putridness, strong smoke
and pollutants. It’s extremely common in drought years. (3) The drought
caused crops to fail, leaving the plowed fields exposed to wind erosion. The
fine soil of the Great Plains was easily eroded and carried east by strong
continental winds. On November 11, 1933, a very strong dust storm stripped
topsoil from desiccated South Dakota farmlands in just one of a series of bad
dust storms that year. (4) Fireworks will not only ignite anything dry but
contribute to really destructive fires which burn buildings or houses, destroying
them sometimes. (5) Dry thunderstorms are notorious for starting wildfires,
brush fire activity and making wildfires worse. And it’s especially important
in droughts, because dry timbers and dry grasses are notorious for becoming
ignited by lightning.

In order to meet the overall needs assessment in the identification of
conservation potential, the strategy adopted by Arizona: Creation of a statewide
conservation office to implement new conservation programmes, secure a
dedicated funding source for conservation office and for statewide water
conservation programmes, expand the “Reduce Your Use” conservation
messaging campaign, adoption of water conservation “ABCs” for residential
and large water use sectors and encourage use of best available technologies,
creation of conservation incentives (tax credits), provide technical assistance
(leak detection and audit training programmes), creation of a state sponsored
conservation web site, creation of voluntary benchmarks and conservation
goals at local levels, continue/expand existing education programmes through
working with school districts, education centres and local communities,
develop partnerships to provide the funding and “buy-in” for establishing
new conservation programmes, creation of a Rural Water Systems
Development Fund for conservation, creation of a Water Conservation
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Fig. 9.9: Seasonal drought conditions in USA.
Courtesy: US Department of Agriculture

Fig. 9.8: Peak drought status in USA.
Courtesy: US Department of Agriculture
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Advisory Board and develop a water use “score card” method of programmes.
Drought response actions are: Convening State Drought Task Force;
intensifying monitoring and assistance; disseminating information to the
public; suspending surface water appropriation permits; Governor’s declaration
of critical water deficiency and water use restrictions. It varies marginally
from state to state.

Russia and USSR

Droughts and famines in Russia and the USSR tend to occur on a fairly
regular basis, with famines occurring every 10-13 years and droughts every
5-7 years. Golubev and Dronin distinguish three types of drought according
to productive areas vulnerable to droughts: Central (Volga basin, Northern
Caucasus), and Central (Chernozem Region), Southern (Volga and Volga-
Vyatka area, Ural, Ukraine), and Eastern (steppe and forest-steppe belts,
Western and Eastern Siberia and Kazakhstan).

Pre-1900 droughts and famines – Major famines include the Great Famine
of 1315–1317 which affected much of Europe including Russia, and the
1891-92 famine which killed between 375,000 and 500,000 people. Russian
famine of 1601-1603 is the worst famine. It occurred in Central – 1920,
1924, 1936, 1946, 1972, 1979, 1981, 1984; Southern – 1901, 1906, 1921,
1939, 1948, 1951, 1957, 1975, 1995 and Eastern USSR - 1911, 1931, 1963,
1965, 1991 as indicated by Golubev and Dronin (1989).

The famine in the USSR which happened in 1921-1923 was due to the
Southern type of drought, the most affected area being the southeastern areas
of European Russia (including Volga area, or Povolzhye, especially national
republics of Idel-Ural, see 1921-1922 Famine in Tatarstan) and Ukraine. In
1932-1933, confiscations of grain and other food by the Soviet authorities
caused a famine which affected more than 40 million people, especially in
the south in the Don and Kuban areas and in Ukraine, whereby various
estimates from 5 to 10 million may have starved to death (the event known
as Holodomor). About 200,000 Kazakh nomads fled to China, Iran, Mongolia
and Afghanistan during the famine. In 1947 famine was due to a cumulative
effect of consequences of collectivization, war damage, the severe drought
in 1946 in over 50% of the grain-productive zone of the country and
government social policy and mismanagement of grain reserves. This led to
an estimated 1 to 1.5 million excess deaths as well as to secondary population
losses due to reduced fertility. The 1963 drought caused panic slaughtering
of livestock, but there was no risk of famine. Since that year the Soviet
Union started importing feed grains for its livestock in increasing amounts.
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9.4 Water Politics

There are approximately 260 different river systems worldwide, where
conflicts exist crossing national boundaries. History showed that the 37
records of acute conflict over water are far less than the record of cooperation.
In the last 50 years, 157 treaties were signed, and 1288 crises turned out to
be co-operative opportunities. While Helsinki Rules help to interpret intrinsic
water rights among countries, there are some conflicts so bitter or so related
to basic survival that strife and even warfare are inevitable. In many cases
water use disputes are merely an added dimension to underlying border
tensions founded on other bases. The key lies in strong institutions and
cooperation. The Indus River Commission and the Indus Water Treaty survived
two wars between India and Pakistan despite their hostility, and was proved
to be a successful mechanism in resolving conflicts by providing a framework
for consultation, inspection and exchange of data. The Mekong Committee
has also functioned since 1957 and it survived the Vietnam War. In contrast,
regional instability resulted when there is an absence of institutions to co-
operate regional collaboration, like Egypt’s plan for a high dam on the Nile.
However, there is currently no global institution in place for the management
of transboundary water sources, and international co-operation had happened
through ad hoc collaborations. One common feature of almost all disputes
resolved is that the negotiations had a “need-based” instead of a “right-
based” paradigm. Irrigable lands, population, technicalities of projects define
“needs”. The success of a need-based paradigm is reflected in the only water
agreement ever negotiated in the Jordan River Basin; it focuses on needs and
not on rights of riparians.

South and Southeast Asia, with five and 18 river basins respectively, have
recorded the highest incidence of water disputes, though none went beyond
an outburst of political rhetoric. There have been 237 interactions in South
Asia as a result of disputes, 371 in Southeast Asia and 84 in East Asia. But
four of the six most disputed basins on a worldwide basis are located either
in Asia or the Middle East: Ganges-Brahmaputra-Meghna, Jordan, Tigris-
Euphrates and the Mekong. In the Indian subcontinent, irrigation requirements
of Bangladesh determine water allocations of The Ganges River. A need
based, regional approach focuses on satisfying individuals with their need of
water, ensures that minimum quantitative needs are being met. It removes
the conflict that arises when countries view the treaty from a national interest
point of view, move away from the zero-sum approach to a positive-sum,
integrative approach that equitably allocated the water and its benefits. The
Tigris-Euphrates River System is one example where differing national
interests and withdrawal rights have been in conflict. The countries of Iran,
Iraq and Syria each present valid claims of certain water use, but the total
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demands on the riverine system surpass the physical constraints of water
availability. As early as 1974 Iraq massed troops on the Syrian border and
threatened to destroy Syria’s al-Thawra dam on the Euphrates. In 1992
Hungary and Czechoslovakia took a dispute over Danube River water
diversions and dam construction to the International Court of Justice. This
case represents a minority of disputes where logic and jurisprudence may be
the path of dispute resolution. Other conflicts involving North and South
Korea, Israel and Palestine, Egypt and Ethiopia, may prove more difficult
tests of negotiation.

9.5 Drought Strategies

Water deficits are already spurring heavy grain imports in numerous smaller
countries.

• The Himalayan glaciers that are the sources of Asia’s biggest rivers –
Ganges, Indus, Brahmaputra, Yangtze, Mekong, Salween and Yellow –
could disappear by 2035 as temperatures rise. Approximately 2.4 billion
people live in the drainage basin of the Himalayan rivers. India, China,
Pakistan, Bangladesh, Nepal and Myanmar could experience floods
followed by droughts in coming decades. The west coast of North America,
which gets much of its water from glaciers in mountain ranges such as
the Rocky Mountains and Sierra Nevada, also would be affected (UN
report). Irreversible and severe ecological damage would take place over
Murray-Darling basin, Australia, if it does not receive sufficient water by
October. Perth in Western Australia could become the world’s first ghost
metropolis, an abandoned city with no more water to sustain its population.

• Often technology is advanced as a panacea, but the costs of technology
presently exclude a number of countries from availing themselves of
these solutions. The amount of energy needed to convert saline water to
potable water is prohibitive today, explaining why only a very small
fraction of the world’s water supply is derived from desalination.
Construction of wastewater treatment plants and reduction of groundwater
over-drafting appear to be obvious solutions to the worldwide problem.
Wastewater treatment is highly capital intensive, restricting access to this
technology only in some select affordable regions; furthermore the rapid
increase in population of many countries makes this a race that is difficult
to win.

• Reduction in groundwater over-drafting is usually very unpopular
politically and has major economic impacts to farmers; moreover, this
strategy will necessarily reduce crop output, which is something the world
can ill afford, given the population level at present. The water tables are
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falling in scores of countries (including northern China, the US, and
India, Pakistan, Iran, and Mexico) due to widespread over-pumping using
powerful diesel and electric pumps.

• Desalination – As new technological innovations continue to reduce the
capital cost of desalination, more countries are building desalination plants
as a small element in addressing their water crises. 13,080 desalination
plants located around the world, produce more than 12 billion gallons of
water a day. Israel desalinizes water at a cost of 53 cents per cubic metre;
Singapore desalinizes water for 49 cents per cubic metre and also treats
sewage with reverse osmosis for industrial and potable use. China and
India, the world’s two most populous countries, are turning to desalination
to provide a small part of their water needs. Pakistan announced plans to
use desalination in 2007. Australia uses desalination. In 2007 Bermuda
signed a contract to purchase a desalination plant. The largest desalination
plant in the United States is the one at Tampa Bay, Florida, which began
desalinizing 25 million gallons (95,000 m³) of water per day in December
2007. In the United States, the cost of desalination is $3.06 for 1000
gallons. In the United States, California, Arizona, Texas, and Florida use
desalination for a very small part of their water supply. A typical aircraft
carrier in the U.S. military uses nuclear power to desalinize 400,000
gallons of water per day. However, given the energy intensive nature of
desalination, with associated economic and environmental costs,
desalination is generally considered a last resort after water conservation.

• Drought monitoring – Continuous observation of rainfall levels and
comparisons with current usage levels can help prevent man-made drought.
For instance, analysis of water usage in Yemen has revealed that their
water table (underground water level) is put at grave risk by over-use to
fertilize their Khat crop. Careful monitoring of moisture levels can also
help predict increased risk for wildfires, using such metrics as the Keetch-
Byram Drought Index or Palmer Drought Index.

• Land use – Carefully planned crop rotation can help to minimize erosion
and allow farmers to plant less water-dependent crops in drier years.
Rainwater harvesting – Collection and storage of rainwater from roofs or
other suitable catchments. Recycled water – Wastewater (sewage) has
been treated and purified for reuse. Transvasement – Building canals or
redirecting rivers as massive attempts at irrigation in drought-prone areas.
Water restrictions – Water use may be regulated (particularly outdoors).
This may involve regulating the use of sprinklers, hoses or buckets on
outdoor plants, the washing of motor vehicles or other outdoor hard surfaces
(including roofs and paths), topping up of swimming pools, and also the
fitting of water conservation devices inside the home (including shower
heads, taps and dual flush toilets). Cloud seeding – an artificial technique
to induce rainfall.



Resources, Drought Events and Management Profile of Countries / 421

References

Allen, R.J. The Australasian Summer Monsoon, Teleconnections, and Flooding in
the Lake Eyre Basin. pp. 41-42.

Bhattacharyya, K., Azizi, P.M., Shobair, S.S. and Mohsini, M.Y. (2004). Potential for
Their Mitigation in Southern and Western Afghanistan. Working paper 91, Drought
series 5, International Water Management Institute, Colombo.

Chilton, P.J. and Smith-Carington, A.K. (1984). Characteristics of the weathered
basement aquifers in Malawi in relation to rural water supplies. Monograph.

Clement, R.W. (1991). Kansas floods and droughts. In: Paulson, R.W., Chase, E.B.,
Roberts, R.S., and Moody, D.W. (compilers). National water summary 1988-89
– Hydrologic events and floods and droughts: U.S. Geological Survey, Water
Supply Paper 2375, pp. 287-294.

Cohen, S., Wheaton, E.E. and Masterton, J. (1992). Impacts of Climatic Change
Scenarios in the Prairie Provinces: A Case Study from Canada. Canadian Climate
Center, Downsview, ON.

Endersen, S. and Myhrstad, J.A. (1987). Multinational water schemes. Proceedings,
International Water Symposium on Drought and Famine, July 1986. Olympic,
London, UK.

Khouri, N. (1989). Waste water reuse implementation in selected countries of the
Middle East and North Africa. In: Schiller, E.J. (ed.). Sustainable water resources
management in arid countries: Middle East and North Africa. pp. 131-144.

Lianyou Liu (2007). Background paper on drought – An assessment of Asian and
Pacific progress. UNESCO Regional Implementation Meeting for Asia and the
Pacific for the Sixteenth session of the Commission on Sustainable Development
(CSD-16), 26-27 November 2007, Jakarta, Indonesia.

Phillips, D. (2002). The top ten Canadian weather stories for 2001. CMOS Bull. 30
(1), pp. 19-23.

Raddatz, R.L. (1998). Anthropogenic vegetation transformation and the potential for
deep convection on the Canadian prairies. Can. J. Soil Sci., 78, pp. 657-666.

WFP (World Food Programme) (2003). Afghanistan countrywide food needs
assessment of rural and settled populations. Kabul, Afghanistan: World Food
Programme.

Wright, E.P. (1985). Water resources for humans, livestock and irrigation.
In: Geohydrology of drought prone areas of Africa. Proceedings of a seminar-
planning meeting, Lobatse, Botswana.

Further Reading
Akinremi, O.O.,  McGinn, S.M. and Barr, A.G. (1996). Evaluation of the Palmer

Drought Index on the Canadian prairies. J. Climate, 9, pp. 897-905.
Asad Sarwar Qureshi and Mujeeb Akhtar (2004). A survey of drought impacts and

coping measures in Helmand and Kandahar provinces of Afghanistan. IWMI
Internal Report

Ayoub, A.T. (1993). National soils policy for the protection and rational utilization
of soil resources: Technical, institutional and legal aspects. Paper presented at the
1st Crop Science Conference for East and Southern Africa. June 1993, Kampala,
Uganda.



422 / Drought Assessment

Bougel, F., Champolivier, L., Lespinas, L., Merrien, A., Reau, R., Le Clech, B., and
Paget (2001). Irrigation du tournesol: une methode de pilotage econome eneau,
Oleoscope (cetim) 60, pp. 15-17.

Burdon, D.J. (1977). Flow of fossil groundwater. Quarterly Journal of Engineering
Geology, 10, pp. 97-124.

Caliandro, A. and Boari, F. (1996). Supplementary irrigation in arid and semiarid
region. Mediterrenean, 7, pp. 24-27.

Dennett, M.D. (1987). Variation of rainfall: The background to soil and water
management in dryland regions. Soil Use Management, 3, pp. 47-51.

Encyclopedia Britannica and Kammerer, J.C. (1990). Largest Rivers in the United
States. US Geological Survey Fact Sheet, Open File Report 87-242.

Folland, C.K., Palmer, T.N. and Parker, D.E. (1986). Sahel rainfall and worldwide
sea temperatures, 1901-85. Nature, 320 (6063), pp. 602-607. doi:10.1038/320602a0.

Forster, S.F. (1993). Transboundary river basin management in southern Africa. In:
Van Dam, J.C. and Wessel, J. (eds.). Transboundary river basin management and
sustainable development. Proceedings, Vol. l. UNESCO/IHP, pp. 195-201.

Giannini, A., Saravanan, R. and Chang, P. (2003). Oceanic Forcing of Sahel Rain-
fall on Interannual to Interdecadal Time Scales. Science, 302 (5647),
pp. 1027-1030.

Heidenreich, A. (1993). Pesticides in Bamako water: Is it toxic waste? EcoNews
Africa, 2, p. 12.

Held, I.M. et al. (2005). Simulation of Sahel drought in the 20th and 21st centuries.
PNAS, 102(50), pp. 17891-17896. doi:10.1073/pnas.0509057102. PMID 16322101.

Herrington, R., Johnson, R. and Hunter, F. (1997). Responding to global climate
change in the Canadian prairies. In: Canada Country Study: Climate Impacts and
Adaptation, vol. III. Environment Canada, Ottawa, ON.

Katz, R.W. and Glantz, M.H. (1986). Anatomy of a rainfall index. Mon. Wea. Rev.,
114, pp. 764-771.

Kogan, F.N. (1995). Droughts of the late 1980s in the United States as derived from
NOAA polar-orbiting satellite data. Bull. Am. Meteor. Soc. 76 (5), pp. 655-668.

Kumar, V. and Panu, U. (1997). Predictive assessment of severity of agricultural
droughts based on agro-climatic factors. J. Am. Water Resour. Assoc., 33 (6),
pp. 1255-1264.

Loss, S.P. and Siddique, K.H.M. (1994). Morphological and physiological traits
associated with wheat yield increases in Mediterranean environments. Advanced
Agronomy Journal, 52, pp. 229-276.

Lundqvist, J. and Gleick, P.H. (2000). Sustaining our waters into the 21st century
http://www.earthscape.org/r1/luj01/.

Meinke, H., Pollock, K., Hammer, G.L., Wang, E., Stone, R.C., Potgieter, A. and
Howden, M. (2001). Understanding climate variability to improve agricultural
decision making. Proceedings of the 10th Australian Agronomy Conference on
Science & Technology: Delivering results for Agriculture? ASA, Hobart,  p. 12.

Nikolai, M. Dronin and Edward G. Bellinger (2005). Climate Dependence and Food
Problems in Russia, 1900-1990: The Interaction of Climate and Agricultural Policy
and Their Effect on Food Problems. Central European University Press.

Otieno, F.O. and Kilani, J.S. (1991). RBC or porous pots for textile waste treatment.
Proceedings, 17th WEDC Conference on Infrastructure, Environment, Water and
People.



Resources, Drought Events and Management Profile of Countries / 423

Palmer, W.C. (1965). Meteorological Drought. Research Paper No. 45, US Weather
Bureau, Washington, DC.

Passioura, J.B. (1977). Grain yield, harvest index and water use of wheat. Journal
Australian Institute of Agriculture Science, 43, pp. 117-120.

Rijsberman, F.R. and Molden, D. (2001). Balancing water uses: Water for food and
water for nature. Thematic background paper. Secretariat International Conference
on Freshwater, Bonn, Germany, 18 p.

Ritchie, J.T. (1972). A model for predicting evaporation from a row crop with
incomplete cover. Water Resources Research, 8, pp. 1204-1213.

Rosenberg, N.J. (1978). North American Droughts. AAAS, Boulder, CO.
Rutherford, R.S.G. (1948). Fluctuations in the Sheep Population of New South Wales,

1860-1940: A Preliminary Study. Economic Record, 24(1), pp. 56-71.
UNECA (United Nations Economic Commission for Africa) (1989). Economic aspects

of drinking water supply and sanitation in Africa with particular reference to rural
areas. ECA/NRD/WRU/4/89, TPUB/9901.

UNSO (United Nations Sudano-Sahelian Organization) (1991). Assessment of
desertification and drought in the Sudano-Sahelian region 1985-1991.

Wheaton, E.E., Arthur, L.M., Chorney, B., Shewchuk, C., Thorpe, J. and Whitting,
J., Whittrock, K. (1992). The prairie drought of 1988. Climatol. Bull., 26, pp.
188-205.

Wilhite, D.A., Rosenberg, N.J. and Glantz, M.H. (1986). Improving federal response
to drought. J. Climate Appl. Meteor. 25, pp. 332-342.

Zhang, Rong and Delworth, Thomas L. (2006). Impact of Atlantic multidecadal
oscillations on India/Sahel rainfall and Atlantic hurricanes. Geophysical Research
Letters, 33: L17712. doi:10.1029/2006GL026267.

Zima, V.F. (1999). The Famine of 1946-1947 in the USSR: Its Origins and
Consequences. Ceredigion, UK: Mellen Press.



���� �� ����"

�����

�99�6	����� ���:  !�
�99�����	��� ����9�	 �%�
�99�����	��� ���	�1������	��� �"%
�9	���� �1�6�	���6���	��� &�(*' �� 
�9	���� 6����9	��� ���	��
� &�5E'  %�/

 %$
��1�9������
�E����-�����	��

-������	��� &��E--' %$/� ���/
$�#/�$��/�$$$/�$ �/�$#$

��1�9���8��	���� �	���9	�1�
6��9������ �
�	��� &�>.5<'  �

������� 6��	����6�
 $�#/�$�"/�$��
����9��	����� ���9�	�� �$
����9��	���� ������	 �/� �!!
����9��	���� ��� $!
����� �9�����9��� C��� &�(H' �$�/

�$�
�����
���6�	�	���� &�E5' ��%/�  � 
������� .��G $#%/� $#"
��	��	��	�� !�
����	� ���8�	���8�	����8��� &�>>'

�"
����� �������� ���
��� %"/�%�
�����C��� ������	��� ����� �"
�	�9�6�	���8�	��� ������ &�>�'

�%%/����
�2����� $!/� �#/� ��/� ��/� �$/� ��/�  " /

 �#/�!��
�2��	��� ��/� ��
�2��	��� ��
������� ���  %!
����� ����� ��
�����	
 ��/� �"�/� ! 

�����
� .��G� &�.' �"�
,�������9�	��  

���	���	�9� �6���	��� $ "
��	���9���� ������:�� �#�
��6�9	� ���
��� $��
�	���6����9� 9����9	��� $ �
�		����	�� ������	�� $"%

<6�	��� $"%
*����	�9 $"%

��	���	���<����9�������1�	��
<
�	��� &�<�<' !#

�1��������8�	��� 9�	�	 �""/� �"�

4�	�
��	�
 $$$
4�
����� 9��������� $!!
4������)����
� .��G �"%
4���
�,������� �������� �%#
4����8������  !�
4������ �6���	�� $�#

,���9��� 9��6��	� ���
��� $ �
,�6�����	
� ���G �$"
,,*< $%�
,�����	��	�� !$
,����� !�/�!$
,����� ��	��  !�
,����	�  �

���	� $�
9���� ��
9�������9�	��� �
�	�� $
1���������	
� ���G ��"

,�����!�/� !$/� ! /� !!/� !"/� #!/� ##/
#�/�% 



����"� �����

9�������9�	�� !$
����� %�/� %$
���G�� #"
)�	�����9	��� &,)�' #!
	��6���	��� #�/� %�

,���	��� �2����� � 
,������ ���� ��!
,����9���	� ��� ��8��� ���� &,<-'

�$�
,��6�	������������8��� &,��'

$%�/�$"�/�$�"
,������ �2����� ��/�� 
,����1�	��  $�
,����6	�1��8�	��� ��� �!$
,�	����� $�!
,�	���	� �	��	9� $  
,�1�9	�1�� �	��	������ 	�9��2�� #�
,�	�G	���� ��6�9	  #�
,��6�����

9������9��	 �!�
9��6���	�� ��#
�����9�  %�
������	�� �!�
	
6� � �

���� ��$/��%#

,��6�)���	���� .��G� &,).' ���/
���/� !!

,��6�>�	���4����	��� &,>4' ��$
,��6�>�	���-�2������	� &,>-' � �
,������ !�/� !$/� ! 

����
� �������� ���
��� %�
��	�� ����� $!�
��	�������� $"%

���� ����	���� $"�
���	�� $""
<6����		� $"�
1�9	�� $"%

��
����	��� <�8��� &��<' � $
��9�������:��  #%/�  #�
��9�����<�66��	� <
�	��� &�<<'  �$
��9����� 	����  �"
����9�	� ���G  #�
����9�	� ������	�� �#�
�������������	  "�
������ ����  #�
�������	�� !�%
�����	 �� 
�����	���9�	�� $/� �

����	���(��1�	���)����� &�()' �/
$�"

����	��� ������ 6��9����� $$"
����	���;������ &�;' $$"/� $ �/

$  /�$ "
����	���*������)����� &�*)' $�"
����	�C�	�� $"!
����9	����� ���	�� $ !
������	 �/�  /�  ��

����	� ������	��� �
�	��  � 
����9��	 �#!
���9�	��� �%�/� �%$
6��6������� $%#/� �!/� $�
���: �%�
1���������	
 �%�/� !�

������	� 6��  #�
������	� 5��������� 5��������  $�
������	� ������� �����	�9�  $�
������	�<�1���	
� .��G� &�<.' �"$
��
� �6��� �"$

(���
�8����� �
�	��  !�
(��	�������1�	���<�	����	�

&(�<' $��/� $�!
(��	��-�����9���*�9�����
�<�	����	�

&(-*<' $$ 
(��	�F�� 	��6���	��� �
(��	������ $�
(9�����9��� ����9�  $$
(9���
�	�� ��
(���� ���9���	 $ #
(��;�� �%/�  $"/� !��/� !�$/� !�#
(��9	��9���
�<9����)�9��8�1�

-������	���� &(<)-' %�
(��9	������	�9� ����
 #�/� $�#
(;<� �%/� �##/� !�$
(1�6���	�� � /��%$/� �%#/�  ! 
(1�6�	���6���	�� �#/� �%/� �$%/� � �/

�%#/����/�$#"/�$#�/� $�
(1�6�	���6���	�������9�	� .��G

&(*�.' ��"
(G9�6	����� 9��9���	�9��  $"/�  $�
(G6��	� �
�	��  �$

������,�����,��6���	�� &�,,' $$#
�����  /�  $�
������,�6�9�	
� &�,' �$!/��!�/����
������ ������	�� �!$
������ � !



��	� �� ����"

����9��	 $�/�  �/� !�
�������� ���
��� $ %
������� C��  �

?�����6��9��� .�����	���<
�	��
&?.<' $%#/� $%"/� $�"

?����	��9� ���	��	��� $$�
?�������	���������� $"�
?���	�	����
��6���	����

(1�����	��� <�	����	��� &?�(<'
!%

?���	�	����
� ����	 !#
��	����	� !%

?���
9������ $�$
?��9��� !��
?������(1�����	���)��	����

.��G� &?().' $#!/� $##
?������ 5���	�����<
�	��� &?5<' $%�
?��6��9��� ����� �	����9�� &?0.' $��
?����� 9�	���� 6��	�� &?,5' $$�/

$ �
?����8�	�� ��/� ��/� ��/�  $"/�  !�/

 %#/� ��/�!��
���	��9	�� �#/��"/� ��$
����9� �#/��� 
��6��	�� �#/��%
��1�� �#/�  !!
2����	
 �%/��"
��9����� �!

?���6�-��:�5��� &?-5'  %�

EE�5�����C�	�� $!�
E����6���� ���	�� $ #
E����-�����	���5�9	����*���������

&E-5*' !�
E
�������9��� ������	 �/� ��$/� $$

���	���� $$%
���9�	��� ���

E
6���*�G	�)�9����3������
&E*)3' $��/� $��

E
6���*�G	�*�����	���5������
&E**5' $��/� $��

.����� ���9���	 $$"/� $ �
��9	���9�	�� $$"
���	���	�� $$�

.��G����)���	�������2��9
� &.)�'
��"

.�������� :�8����� $�

.���	��	�� �#

.���������� !�/�$�"/� $$ 

.;<�* $�!

.�	�	������ ��9��� ��� 1��8� &.���'
$$"/�$$�

.	����	��� 9�	9���	
�������	  "�

.	���*��6�9���,�1����9��H��
&.*,H' �!/�$�/�  %!

.	��6���	�����	��� $�!

.�����	��
9��������  $�
������	 ��
�������	 �!�
6��9	�9�  !�
�
�	��  #�

@�����  $!/�  ��
@�8������ ����  ��
@����� $��/� $�#

3�:��,��9����<
�	�� ���/� ��$/� ��#
3����������	�� �
3�����  ��
3��	�� ��� ���8���6������ &3?5' �$%/

�$�
3���	� ��	�9	��� ��� �����

&3.��-' $$$
3������6���	� $ �
3����� .�����<9����<
�	��

&3.<<' $$ /�$!�
3��� 	���� ����9��	� �%$
3�8�9������!$
3�8� ���8�6������ &3�5' ��%
3�8�6���� ���	�� $ #
3���� 	������� ����	 $� 

)������	� .�����	��� <
�	��
&).<'  ��

)�6�6��I�9	��� $"�
9
�������� 6��I�9	�� $"�
6��
����� $"$
���9�	�� $"$
�������� �9��� $"�
������	�� $"�
�9��� $"�
0�1������*���1�����)������

&0*)' $"$



����"� ����


)�G����� ��:�������� 9��������� $!!/
$!#

)�	����	� $%�
)�	��������9��� ������	 �/� � $/�  $$

���9�	��� �%�
��	����	� $��

)�	����	� ����� #%
)�9��8�1� !�

������ $�"
)����� ��	6�	� �	�	��	�9�� &)�<'  �
)������� $� 
)�����	��-�����	��� .������<6�9	��

-������	�� $$ 
)����   /�  !/�  #/�  %/� %�/� "�/�  !�
)�	��
� �������� ���
���  ! 
)�	��
�1���	�	��� 9���	��� ���G

&)�,.' ���
)��9��� � $
)��	��6�9	���� 9�������9�	�� $!�

�9���� &)<<' $�#/�$ �

;�	�����,�	��� ����)������-���
>��	���� ����9��	� &;,)->�'  �

;�	8��:� ���
��� $��
;�����	��	�� !$
;��� $��
;������C��� ��1��	�� �%�
;������C����������9������	�	��

.��G� &;��.' ���/� ���/� $#�/
$##/�$#"/� $$/� !!/� %�

;�����9���8��	���� 6����9	��
&;>5' % 

�6	�9��� �9��� $"!/� $"#
����	��� 6�����	���  �
�1����
 $��/�$��
�1��� 6��6�� !�%

5����� 9����	����
 $ 
5������������	�<�1���	
� .��G

&5�<.' �##/� �""/� �"�/� ���/�  ! 
5�9�����	�9 $�"
5�������� 6�6��� 9��������� $! 
5��	�9�6�	��
��
�������9��

���	���� ��$/� �� 
5�		��� ��9���	��  �/�$$#
5���F�� �66���9�  /� �%#
5�
��9��� ���:  #�

5��	� ���	��� $" 
5����� ����	 !�
5�	�	����(1�6�	���6���	�������9�	

&5(�' �""
5(* �"%
5��9�6�	�	�� �!/�  $/� % /� %#/� %%

����	 %#
��9��� �"!
����9�	 �%%
���G �"#

5�����
� ��	� $%�
5��9�6��� 9��6��	� ���
���

&5,�' #%/� $� /� $ �/� $ �

-����  $!/� ��
-���� $$�/�$$$
-������� 6�		��  �
-�4)< $�#
-�9����	���������	� .��G

&-�.' �"�
-���	����������  ��
-����1��� ��/� ���/��%#
-����1����<	������ .��G� &-<.' ��$
-�	���	��������  #
-��:� ���
���  #�
-��:��������	  %�
-�1��� ���8 �%#/� �%%
-��	�����6	� �%/��$#

<�	���	�� �$!
<��� �����9�� 	��6���	���� &<<*' �"/� !�
<�������	
� .��G %�
<���� ����� ����� � /�  $�
<�8�6�9:��"�
<�9��� �9����9�������	 ��/� �$
<��� �$�/��$$/��$ 

	�G	��� �$ /��#�
	
6� �$$

<������I��	�������	�	��� .��G
&<��.' $#!

<����)���	��������9�	� .��G
&<)�.' ��"

<����8�	��� ����9�	� &<>�' ��"
<����� �������	�� $ �
<6�9�� ����2������9�	�� $ �
<6����		������� $"�
<6�	���� ��9�������:��  #"
<6�	���� ���	��� $ !/�$ #



���� �� ����"

<6�9	���� ��	�� $ #
<6�9	���� �����9	�9� $�#/�$��/�$$!
<6�9����� �����9	�9� $ $
<	������D���
�3������� &<D3' $�#
<	������C���5��9�6�	�	��� .��G

&<5.' �"#
<	��	�9������ !�/� !$
<	��	�� !�
<	����� ���8 ��/� �$/� �� /� ��#/� ���/

�%$/����/����
<��� �����  $�
<��� 	��6�9 $�
<�� �
9�����������	 $�$
<�6��1����� 9�������9�	�� $!�/�$!#/

$!%
<�66����	��
� .�����	��� &<.' �#$
<����9��8�	��� �	�����  !!
<����9��>�	���<�66�
� .��G

&<><.' ���/� ���
<
9�����������	 $�$

*�:� 9��9��� ��$/���!/� ��%
*�:�-�������	�	��� .��G ��$/��� 
*��6���	� ��!
*��6���	��� �#
*��6���	���� 9���	��� ���G $#$
*����	�9�)�66��� &*)' $$ /� $ �/

$"�
*������� �������� ����� $�"
*�������6��
�� $� 
*���8��	�� 9�������9�	��  
*���8��	�� �2��	�� �%#
*����������� 	�9��2��� %�
*������	��� �!#
*������ C��  �
*�	���������1�������� ���� .�����	��

&*��.' �"
*��������������	�	��� .��G

&*�.' $ �
*���������� ���� �!
*�������	��� .���������;�	8��:�

&*.;' $��
*�������	�����	��� $�!
*��6�9��  $

����� �� 
*��6�9����66��9�	���� ��)�	�������


���<�	����	�� ����	����� &*�)<�*'
#�

*��6�9���-���)��������	�)�����
&*-))' %�

0�	��1����	 $�"
09������ �2����� ��/� ��
0�1������*���1�����)��9�	��

&0*)' $$�/� $ �/� $!�
0��6��1����� 9�������9�	�� $!�/� $!$

����	�	��
9�1�� $$#
���9�� $#�/�$#$

����	�	��� ����	� �%$
�����	����<����)���	����4����	

&�<)4' �%�
������� �	��6��	�	�� $$!
������� ���6��
� ��	� &��0' $%�
����������	
 � /�   #/�   "/�  !�/�  !�/

 #�/� # 

>��	��8�	��� 	�G !�"
>�	��

�1��������	
 ���/��$�/��$�
�����	�� ��$
����� � �
��1��  
���� �"
6��9�� !�"
2����	
 ���
��9����� ��/�!�"
	���� "�/�"�

>�	��� ����9�� 	�9��2��  $�
>�	��� �G6���	�	��� ���G !�#
>�	��� ������� 9�6�9�	
 �$#/� �!�/

�� /���#
>�	��� 6����   "
>�	��� 6����9	��� ����9��9
 !��
>�	��� 6����9	�1�	
� &>5' �#�
>�	��� ��2������	� &>-' �#/� �"/� �!�/

�� 
>�	��� ��2������	� ��	����9	��� ���G

&>-<.' ��$/� �� /� ��!
>�	��� ������9�� 6����  %"

�99��	�� ��������	�  "�
�������	� ������  %"
6��9��� �
�	�� !�"
������ ��� ��9
9���  "�

>�	��� ����	� !��



����"� �����

>�	��� �9��9�	
 ""/�  �%
>�	��� �	������ �
�	�� �%�
>�	��� ���� ����9��9
� &>0(' �! /

�#�/� "�
>�	���0����F�����9��	�� !��
>�	��� 1�6���� ��� !�
>�	������ ���/� �!"
>��	���  �
>��	���� <�	����	� $��

>���?.< $�"
.	���	�?.< $�"/� $��
;�	8��:���?.<  ��

>��:�
� ������� #�
>��	������ $�
>��� 9��9���	�� $�
>��� �6��� !#
>�����
�?�����	�� 	�9��2�� %�


	Title Page
	Copyright Page
	Preface
	Table of Contents
	1 Introduction
	1.1 Climate Classification
	1.2 Drought, Famine and Desertification
	Classification of Drought

	1.3 Factors Responsible
	Precipitation
	Temperature
	Wind Velocity and Evapo-transpiration
	Atmospheric Circulation
	Hemispheric Nature

	1.4 Effects of Drought 
	Social
	Environment
	Agriculture

	1.5 Drought Forecasting
	Traditional Knowledge
	References

	2 Meteorology
	2.1 Weather
	2.2 Tropical Activity
	Monsoon

	2.3 Precipitation Type
	2.4 Weather Forecast
	Methods
	Forecast Types

	2.5 Clouds
	Cloud Identification
	Cloud Observation

	2.6 Cloud Mapping - Satellite
	Rainfall Estimation
	Application

	2.7 Precipitation
	Spot Measurement and Observation
	Areal Representation and Network Design

	2.8 Precipitation Climatology
	2.9 Rainfall Reliability Wizard
	References

	3 Water Resources
	3.1 Water Scarcity
	Drying Rivers and Lakes
	Falling Water Table
	Climate Variation

	3.2 Critical Issues in Water Resources
	Human Activities

	3.3 Hydrological Process
	Rainfall-runoff

	3.4 Water Requiriment
	3.5 Water Balance under Natural Conditions
	3.6 Irrigation Water
	3.7 Ground Water
	Aquifer
	Classification
	Vulnerability
	Groundwater Exploitation Status Indicators

	3.8 Water Recharge
	3.9 Sustainability of Water
	3.10 Groundwater Supply Systems
	3.11 Crop Yield and Groundwater Abstrawater Abstraction
	3.12 Stream Flow Analysis
	3.13 Water Balance Method
	3.14 Watershed Analysis
	3.15 Surface Storage
	Reservoir

	3.16 Lakes Cascade Systems
	Status of Tank Cascade
	Tank Cascade Assessment

	References

	4 Agriculture
	4.1 Soil 
	Agro-ecological Zone

	4.2 Soil Water Irrigation
	4.3 Crop Growth
	4.4 Crop-water
	4.5 Crop Irrigation
	4.6 Water Use Efficiency
	4.7 Water Stress Situation of Crops
	Water Quality and Irrigation

	4.8 Irrigation Management Practice
	4.9 Soil Water Analysis
	4.10 Plant Growth Simulation and Drought Event Analysis
	4.11 Drought Forecasting/Prediction of Events
	Ranking and Weightages

	References

	5 Drought indices
	5.1 Drought Assessment Parameters
	5.2 Indices
	5.3 Meteorological Indicators
	5.4 Hydrological Indicators
	5.5 Agricultural Indicators
	5.6 Sociological Indicators
	5.7 Environmental indicators
	5.8 Indicators and Triggers
	References

	6 Satellite Remote Sensing 
	6.1 Remote Sensing
	6.2 Orbital Satellites
	6.3 Satellte Orbit
	6.4 Commercial satellite
	6.5 Sensors and Products
	6.6 Spectral Data Analysis
	6.7 Visual Interpretation 
	6.8 Digital Image Processing
	Pre-processing

	6.9 Image Enhancement
	Contrast Enhancement
	Spatial and Directional Filters
	Multi-image Manipulation - Arithmetic Operation
	Principal Components and Canonical Analysis
	Intensity-Hue-Saturation (IHS) Colour Space Transformation

	6.10 Image Classification
	Unsupervised Classification
	Supervised Classification

	6.11 Post Classification Processes
	Classification Accuracy

	6.12 Multi-sensor Data Merging
	Change Detection Procedures
	Data Fusion

	6.13 Indices for Drought Analysis
	Vegetation Indices
	Thermal Brightness
	Albedo Index
	Evapotranspiration Estimation

	6.14 Temporal Analysis
	References

	7 Spatial Data and Geographical Information System
	7.1 Geographic Information System
	7.2 Spatial Data
	Spatial Data Type

	7.3 Thematic Map
	Map Charateristics
	Map Projections
	Location Information

	7.4 Data Conversion 
	Presentation of Information

	7.5 Data Models
	Vector and Raster Model
	Spaghetti Model
	Geo-relational Model

	7.6 Attributes of Data
	Triangulated Irregular Networks (TIN)

	7.7 Spatial Data Transformation
	Conversion of Points
	Interpolation Method
	Triangulation Method
	Inverse Distance Weighing 
	Dialation of Spatial Objects

	7.8 Data Analysis
	Database Query
	Buffer Operation
	Digital Terrain model
	DEM Generation
	Interpolation Methods
	Network Analysis
	Overlay

	7.9 Modelling
	Weighing and Rating
	Interpolation
	Map Modelling with Attribute Tables

	7.10 Web-based GIS
	7.11 Creation of Spatial Data Base in Kolar, India
	7.12 Decision Support System
	7.13 Alert System
	Drought Alert Information System (DAIS)

	References

	8 Vulnerability Assessment
	8.1 Drought Assessment
	Australia
	New Zealand
	United States of America
	China
	South Africa
	Portugal

	8.2 Vulnerability
	8.3 Vulnerability Analysis
	Ranking and Weightage
	8.4 Vulnerability of Water Supply System
	8.5 Risk
	8.6 Drought Scenario
	8.7 Decision-making
	8.8 Contingency Drought Plans
	Crop Insurance

	References


	9 Resources, Drought Events and Management Proffile of Countries
	9.1 Africa
	9.2 Tropical Countries
	Afghanistan
	Autralia
	Bangladesh
	Iran
	Jordan
	Pakistan

	9.3 Non-tropical Countries
	Canada
	China
	European Union
	United States of America
	Russia and USSR

	9.4 Water Politics
	9.5 Drought Strategies
	References

	Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




