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Preface

High rates of hillside erosion and downstream sedimentation are among the
most important agricultural externalities in the developing world. Suspended
solids reduce the quality of water for human consumption. Silting of streams
increases the risk of flash floods. Accumulation of silt in coastal habitats
reduces productivity of aquatic ecosystems and accumulation of sediment in
reservoirs reduces hydroelectric capacity and accelerates wear on turbines and
power-generating equipment. Of additional concern is that erosion from
upland farming creates sediment in downstream irrigation systems, reducing
both their productivity and expected life. The last of these concerns is espe-
cially important in light of evidence that a lack of reliable water supply pre-
cludes expansion and intensification of agriculture in many low-income areas
of Asia. In response to these and other environmental concerns, the protec-
tion and management of watersheds has become a policy imperative through-
out the developing world, and especially in densely populated regions of South
and South-east Asia.

The importance of studying watersheds in an integrated way, using an
approach that combines biophysical and socio-economic perspectives, is well
established. Researchers engaging in watershed-level analysis have empha-
sized physical characteristics of upstream externalities, and in some cases have
made important progress in modelling the main hydrological processes asso-
ciated with downstream damages. In this book our colleagues and we take up
the task of understanding processes leading to watershed degradation by
examining the local and national policy environment in which decisions regard-
ing land use are made. Our study focuses on the Manupali River watershed in
the Philippine province of Bukidnon. The research described here encapsu-
lates studies that have been conducted over more than a decade and includes
examinations of biophysical, economic and social processes and their inter-
connections. Our analysis explicitly accounts for the fact that, in the Manupali
River watershed, as in many tropical watersheds, rates of land degradation are
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strongly influenced by the decisions of upland farmers. These decisions, in
turn, are influenced by the interplay of wages, prices, institutions and oppor-
tunities in the general economy.

The work presented in this book provides important generalizable insights
into the drivers of environmental outcomes in rural and frontier areas of devel-
oping economies. Our efforts build on a large and growing body of empirical
research undertaken at the microeconomic, sectoral and general equilibrium
levels. Much of this economic foundation comes from research (including
extensive fieldwork) conducted in the watershed. Our findings show that the
policy context of land degradation is complex and involves economic incen-
tives and constraints that are determined by local, provincial and national level
policymakers. An important objective for policymakers is to find ways to pro-
mote sustainable agricultural activities in sloping and upland areas, many of
which provide unvalued or severely undervalued ecosystem services. These
environments are typically characterized by ecological richness but human
poverty. As prior studies have shown, land degradation resulting from high
rates of erosion presents an especially significant problem to watershed com-
munities. The main story that emerges from this book is that rates of upland
erosion can often be traced to specific economic policies that either encour-
age the planting of erosive crops or discourage the adoption of more environ-
ment-friendly crops. For the policy analyst, therefore, our findings suggest that
policy research should account for the impacts of economic policies over time
and the interactions between economic actors and their physical and policy
environment.

The research in this book contributes to a growing body of work that seeks
to merge studies of economic processes with those examining environmental
processes. Our level of analysis is the watershed, and the Manupali, like many
tropical watersheds, is characterized by an aggregation of various agricultural
and non-agricultural land uses. Our aim is to assist in the evaluation of social,
economic and environmental implications of changes in public policy, especially
changes that affect the ways in which land and other natural resources are used.
The book has two specific objectives: to provide a framework for studying eco-
nomic and environmental impacts of policy changes, especially as they impact
upland agricultural producers and downstream communities; and to document
through the example of the Manupali River watershed the empirical forces lead-
ing to land use change and the potential impact of policy changes. We hope
that our approach and findings will serve as guides for natural resource and
environmental research and planning, both by academics and by policymakers.
Our work describes and seeks to understand the key interrelationships between
biological, economic and social phenomena, so as to support improved deci-
sion making at local, national and international levels.

All the research presented in this book was conducted as part of the
South-east Asia programme of the Sustainable Agriculture and Natural
Resources Management Collaborative Research Support Program (SANREM
CRSP). The research was made possible through support provided by the
Office of Agriculture and Food Security, Bureau for Global Programs, US
Agency for International Development, under the terms of Award No. PCE-A-
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00-98-00019-00. We especially thank Bob Hedlund of USAID, former Chief
Technical Officer for the SANREM CRSP, and Carlos Perez of the University
of Georgia, former SANREM CRSP project manager, for their support of our
efforts.! Many other individuals contributed in important ways to the creation
of this book. Dr Agnes C. Rola, our research collaborator and co-author, and
her staff at the University of the Philippines—Los Bafios Institute for Strategic
Planning and Policy Studies, have been critically important participants at
every stage, from research design to data collection and analysis to brain-
storming over interpretation of results. Dr Victoria (Vicky) Espaldon and Ms
Doracie Nantes of the Department of Geography, University of the
Philippines—-Diliman, hosted a research workshop in January 2004 at which
many of the research papers contained in this book were presented. Kathryn
Boys and Priva Bhagowalia carefully and constructively edited many of the
chapters at Purdue. Tim Hardwick, our editor at CABI, was especially sup-
portive and patient throughout the completion of the book. Finally, our fami-
lies were especially understanding and tolerant as this manuscript consumed
many evening and weekend hours that rightfully belonged to them, a sacrifice
for which we are very grateful.

lan Coxhead Gerald Shively
Madison, Wisconsin West Lafayette, Indiana

1The reader’s attention is drawn to two other volumes from the same project: Rhoades, Robert (ed.)
Development with Identity: Community, Culture and Sustainability in the Andes, CAB International,
Wallingford, UK; and Moore, Keith (ed.) Conflict, Social Capital and Managing Natural Resources: a West
African Case Study, CAB International, Wallingford, UK.
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1 Economic Development
and Watershed Degradation

|. COXHEAD! AND G. SHIVELY?

'Department of Agricultural and Applied Economics, University of Wisconsin-
Madison, 427 Lorch Street, Madison, WI 53706, USA; e-mail: coxhead@
wisc.edu; ?Department of Agricultural Economics, Purdue University, 403 West
State Street, West Lafayette, IN 47907, USA,; e-mail: shivelyg@purdue.edu

Agricultural Development and Environmental Change

In recent decades the protection and management of watersheds has emerged
as both a local and national policy imperative throughout the developing
world, especially in densely populated regions of South and South-east Asia
(World Bank, 1992; Asian Productivity Organization, 1995; Heathcote,
1998).! Throughout Asia, growing populations and mismanagement of com-
plex, fragile and poorly understood ecosystems continue to jeopardize the
livelihoods of local populations as well as the prospects for environmental pro-
tection and rehabilitation. Moreover, across many tropical landscapes, areas of
environmental concern closely coincide with pockets of poverty. The biophys-
ical links between upland farms and downstream water users have been well
documented for some time. However, policies to promote sustainable use of
watersheds populated mainly by the very poor remain elusive.

In this book we ask how economic development, and in particular agri-
cultural development, influences watershed health. We define economic devel-
opment to mean both economic growth and institutional evolution. Our
empirical focus is on a single agricultural landscape, the Manupali River water-
shed in southern Philippines; however, lessons from this location apply well
beyond the borders of the watershed, or indeed the Philippines or South-east
Asia. The contributions to this book aim to improve understanding of the gen-
eral forces influencing patterns of land use in tropical agricultural landscapes.
The interface between human activity and the local environment is of central
concern, but we also attempt to answer questions of how best to manage nat-
ural resources so as to sustain agricultural livelihoods, and how best to mini-
mize environmental damage arising from agricultural activities.

For more than a decade, the standard references on watershed-related
themes in Asia have been the volumes edited by Easter et al. (1986) and
Doolette and Magrath (1990). These books remain important, not least for

©CAB International 2005. Land Use Change in Tropical Watersheds: Evidence,
Causes and Remedies (eds |. Coxhead and G. Shively) 1
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having drawn attention to watersheds as ‘units of analysis’ in their own right.
Doolette and Magrath (1990: 2) pointed out that:

watershed problems are . . . connected by the fact that they can best be
understood and dealt with in the context of physical planning units defined by the
flow of water.

Similarly, Dixon and Easter (1986: 9), in their introductory chapter to the book
edited by Easter et al. argued that:

watersheds, analyzed and managed in an integrated manner, are a useful tool for
planning and implementing rural development efforts . . . [tlhe question . . . is how
the resources within a watershed should be used to obtain a socially optimal level of
production over time.

This focus on the watershed as a proper unit of analysis for questions relating
to agricultural development has served as an organizing principle for much of
the research undertaken since (e.g. Munasinghe, 1992; Naiman, 1995). The
landscape orientation was, in fact, a cornerstone for the larger project of
which the research reported in this book is a part.

Despite widespread acceptance of the watershed as a unit of analysis,
over the past decade several additional themes have emerged that demand a
re-examination of the forces shaping land use in tropical watersheds and sug-
gest the need to update the development dialogue of the early 1990s. First
among these is the often rapid economic integration of watershed economies
with the national economies in which they exist, especially as this integration
arises through the maturation of transport and telecommunications infra-
structure and the growth of input, product and domestic labour markets.
Second, globalization has meant that international trade patterns now often
strongly influence patterns of agricultural production in tropical watersheds.
Third, the process of decentralization has expanded the scope for local polit-
ical jurisdictions to shape patterns of economic development — for better or
for worse. And fourth, civil society (often through non-governmental
organizations) can increasingly be found participating in the decision making
process.

A second force shaping our work is the rapid advance in both the number
and sophistication of available modelling tools. While technological constraints
meant that earlier studies could only point to the need for GIS-based tools and
integrated economy—-environment models, we can now report results obtained
using these. Moreover, because the contributors to this book have been
engaged in data collection in one site for more than a decade, we have an
unprecedented amount of high-quality data (especially biophysical and panel
survey data) available to study watershed-scale phenomena. These data lead us
to conclude that many of the problems and issues relevant to watersheds tran-
scend their physical boundaries. In other words, understanding the flow of
water is rarely sufficient for understanding watershed health. People, goods
and ideas all flow into and out of watersheds, and this necessitates a view of
the watershed both as an integrated biophysical system and as part of a much
larger economic system.
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It is exactly such a view that we hope to promote in this book, which as a
whole seeks to illuminate connections between human and natural systems as
they exist in both space and time. At a conceptual level, these connections
include an interlinked set of biophysical, economic and social features that
evolve in response to human desires and needs on the one hand, and to envi-
ronmental health and resilience on the other. At a more practical level, one
recurrent theme in the book is that both the magnitude and the strength of
human—environment connections are influenced by a broad range of factors
(e.g. market signals and institutional performance) that are shaped by local,
regional and national policies. Although it is clear that physical and economic
outcomes observed on small farms result from household decisions and the
physical features of the landscape, it is the primary thesis of this book that a
broader perspective is required. Local and immediate outcomes reflect pre-
vailing conditions in markets in which households participate. Crops and crop-
ping systems are chosen by households from a set constrained, in part, by the
choices and trade-offs made by national governments and international mar-
kets and organizations. And patterns of innovation, adoption and adaptation
reflect the social fabric of which rural households are a part. Decisions made
by smallholders can be traced to local economic conditions, and these local
conditions, in turn, can be seen to be filtered through local institutions, local
rules and social norms. But local economic conditions are also products of
national and international economic signals, and are shaped by the perform-
ance of regional markets.

The enabling and conditioning factors influencing watershed outcomes
include global economic conditions, national government policies and
regional market performance. When combined with a standard list of local
factors, such as local economic conditions, biophysical features of the land-
scape and farm-level constraints on activity, this list suggests not only multi-
ple points of entry for researchers and policymakers concerned with patterns
of agricultural land use, but also the need for a multi-disciplinary perspective
to understand how decisions and outcomes are influenced by economic,
social and biophysical features of a landscape. The relationships and link-
ages of interest in this book are those spatial and temporal connections
among economic incentives, social and biophysical conditions and environ-
mental outcomes.

Most of the chapters that follow examine land use changes retro-
spectively, asking how features of the landscape have evolved in response
to key variables of interest. But we also undertake the more difficult task of
looking ahead, asking how the agricultural landscape might change in
response to changes in policies, institutions or economic signals.
Throughout, we maintain our focus on the watershed as a unit of analysis,
utilizing a number of techniques to explain and predict land use changes and
outcomes at this scale. These approaches include systems-based models,
process-oriented simulation models, statistical analysis and GIS-based
methods, and participatory techniques that have involved local comm-
unities in the measurement and understanding of land use changes in their
communities.
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Geographical and Historical Context for the Book?

The setting for this book is a watershed in the uplands of South-east Asia.
These uplands present a rich and diverse natural environment. Over the past
50 years, however, they have been subject to timber extraction, intensified
subsistence farming, plantation establishment and other commercial activities
that increasingly include highly capital-intensive horticulture and livestock-rear-
ing operations. The expansion and commercialization of agriculture and rural
industries has been driven by a combination of demand factors (especially the
search for land and forest as complements to labour), supply factors including
unregulated access to many resources, and reduced transaction costs due to
the expansion of roads and other infrastructure. Without the necessary policy
and institutional support for environmental management, these activities have
denuded forest cover, polluted rivers, eroded soils and diminished biodiversity.
In many areas, deterioration of the natural environment has reached the point
at which the viability of future production activities on the same resource base
is in question.

Case studies of resource depletion associated either with rapid economic
growth or with poverty-driven environmental degradation (e.g. Perrings, 1989)
abound in the literature. Many of these identify ‘institutional failures’ that have
created open access to natural resources as an enabling condition. A longer
time perspective, however, reveals that open access was not always the norm
in uplands; nor, if the experience of comparable areas in wealthy countries is
a guide, does this institutional failure persist as economies develop. Clearly, the
ways in which economic growth interacts with institutions and influences their
evolution are potentially very important determinants of the uses of natural
resources and thus (through feedback mechanisms) of the health of upland
economies themselves.

Historically, patterns of economic and agricultural development in upland
areas have been accompanied by distinct phases of institutional development.
We illustrate these phases of agricultural and institutional co-evolution in Fig. 1.1,
and provide additional details regarding their characteristics in Table 1.1. In the
first phase, prior to colonization or massive internal migration, upland popu-
lations are sparse and production is primarily for subsistence, and natural
resource use is governed by local customary laws. Tribes and communities
manage the resources over which they have control. These institutions are
effective as means to govern the commons, not least because demand for the
resources is low, technologies for their exploitation are limited, and transport
infrastructure is poor. Long-rotation bush farming fallow systems, typical of
this era of development, are widely regarded as ‘sustainable’.

Economic development and population growth in coastal cities and low-
land rural areas quickly change the upland economy. Commercialization
(driven by the expansion of domestic and global markets), migration and nat-
ural population increase and the introduction of new technologies all create
new pressures on the resource base. Customary law cannot easily accommo-
date such changes.? In this second phase of institutional development, tradi-
tional institutions governing resource use are swept aside (or merely recede);
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Effective resource use

Commercialization of

100%

Local govt_ and
multi-agent

™~
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Subsistence
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agriculture
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0%

N
~ ~———
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era and destruction or local governance

Fig. 1.1. Co-evolution of markets and institutions at the agricultural frontier.

the state assumes the lead role in controlling resource use and access, and new
resource management institutions are imposed from above. But even though
local governments and local offices of national resource management agencies
may be established, these have no autonomy and little effective authority or
capacity for enforcement. State power is thus low at the frontier; the resource
base becomes, in effect, open access. Moreover, not only is there no political
will for environmental or resource use measures that might reduce current
income generation opportunities of people living in severe poverty amidst a

Table 1.1. Economic development and institutional evolution for environmental management.

Subsistence economy Early development Late development
© ¢ © Lowpopulationgrowth e High population growth e Population density falls
& & e Littleorno migration e In-migration e Out-migration
£ 8 e Resource abundance e Resource competiton e Resource use intensity falls
e § e Subsistence agriculture e Intensive agriculture e Mature agriculture
8 & e Slash-and-burn e Commercial activity e Commercial economy
W= Long fallow periods e Fallows shorten e Reforestation/protection
e Customary law e State institutions with
no practical checks Ideally:
e Community resource e Property rights not well e Central and local
management defined institutional change
e Community stewardship
e ‘Land grabs’ e Property rights well defined

Institutional evolution

Alternatively:
e Local elites gain power
e Incentives incompatible
with benefits
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perceived abundance of natural resources, but also the state typically promotes
resource depletion as a means to generate household income and fiscal rev-
enues. What follows is rapid deforestation, shortening of fallow periods and
general degradation of soil, water and other environmental resources.

This ‘period of disorder and destruction’, as Burch (1990) describes it, was
characteristic of many upland regions from the 1960s to the 1990s, during
which time South-east Asia established itself as the world region with the high-
est annual deforestation rate (FAO, 2001), even as its largest resource-abun-
dant economies (Indonesia, Malaysia and Thailand) expanded at historically
unprecedented rates. Elsewhere, in highly repressed economies such as
Myanmar, Laos and Vietnam, the state itself became the primary agent and
entrepreneur of resource depletion, having closed off most other means to
generate jobs, government revenue and foreign exchange.

In South-east Asia’s more open economies, economic maturation and the
end of the demographic transition has ushered in a third development phase,
one in which lower labour force growth and rapid job creation outside of agri-
culture greatly reduce population-driven demand for upland resources, espe-
cially land. This has potentially large implications for the governance of such
resources. In our view, this phase may result either in continued rapid resource
depletion or in a shift to more conservative strategies. Which of these is more
likely to occur? This will depend largely on the speed with which institutions
catch up with the pace of economic growth. The countries of the region cur-
rently present a fascinating array of trends, with no clear, single pattern hav-
ing emerged.

In this third phase, there is growing community demand for environmen-
tal quality and resource conservation. This trend is complemented by a more
general decentralization of power and authority, as is currently taking place
through formal means in all the large economies of the region. In some places,
as local governments and communities assume control over some aspects of
resource management, there may be a reassertion of customary laws, although
in modified form. In the best situations, a combination of decentralization plus
local demands for more ecologically friendly development is complemented by
national laws and policies; in the best outcomes, national agencies, local gov-
ernments and community groups collaborate to design (and more importantly,
to implement) resource management and policies. In the worst cases, however,
with continued growth of market demand for resources, reduced power at the
national government level, and a ‘business as usual’ attitude on the part of local
elites, ‘disorder and destruction’ continues, or even worsens.

A Review of Economy-Environment Linkages

Virtually all production generates some environmental damage in the form of
pollution and/or natural resource depletion, and it follows that, other things
being equal, such damage or depletion increases as an economy expands. It is
well known, however, that the economy—environment relationship can be non-
linear — and indeed, non-monotonic, a concept widely referred to as the
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Environmental Kuznets Curve. Changes in economic structure occurring in the
course of economic growth alter both the valuation and demand for environ-
mental assets, and if sectors differ in their propensity to pollute or to use
depletable resources, it follows that emissions and/or depletion rates will also
change, a phenomenon that has been termed the composition effect.* The net
environmental impacts of structural change can either be harmful or benign;
more importantly, perhaps, the aggregate composition effect in reality has
many elements, each with its own specific set of underlying economic and insti-
tutional determinants. For land and forest issues, this analytical approach
enables research to move beyond trivially true assertions that deforestation and
upland land degradation are the consequences of population pressure and ‘mar-
ket forces’. One thing that quickly becomes clear is that while total population
growth in a country may justifiably be regarded as beyond the reach of policy
except in the very long run, its spatial distribution, and the incentives that upland
populations face when making resource use decisions, are very heavily condi-
tioned by government policies, both those directly targeting such populations
and activities, and also those operating at the broadest level of the economy.®

Upland agricultural development

The economies of Asia’s uplands — usually defined officially by slope and/or
altitude, but in practice referring also to relatively remote agricultural areas —
differ both in structure and level of development by comparison with lowland
zones. They are less densely populated and more dependent on agriculture
and other resource-based industries; their populations are poorer, less healthy
and less well educated. Market access is constrained by higher transport and
transactions costs. Though accurate counts are impossible, the population liv-
ing on ‘fragile’ lands in Asia and the Pacific is currently estimated at 469
million, or 25% of the total population (World Bank, 2003).6

As recently as a generation ago, many upland populations were effectively
isolated from lowland and non-farm economies by infrastructural constraints,
travel costs and even ethnic and political divisions. In spite of continued
remoteness and relatively poor infrastructure, however, upland population
trends, markets, policies and institutions are now very strongly influenced by
the development of the overall economy. Roads and telecommunications net-
works integrate upland producers with the national economy. As markets
expand, they create new economic opportunities, which upland and migrant
populations are generally quick to seize. In so doing, they also alter the value
of immovable resources such as forests and land. In a subsistence economy,
such resources (and even labour) have values derived only from the require-
ments of the local economy, but market integration requires that resource val-
uations reflect returns obtainable in new uses.

Development policies have direct effects in South-east Asian uplands
largely through infrastructure provision. The impact of road construction is
huge, since it fractures natural landscapes, altering forest edges and interiors;
at the same time it reduces transport costs and accelerates flows of migrants
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and information. As elsewhere in the developing world, road construction has
a strong association with deforestation and the spread and intensification of
agriculture (Cropper et al., 1997; Andersen et al., 2002).

The expansion of roads and markets, however, also conveys the indirect
effects of policy distortions to upland resource use decisions, so economic and
policy trends in industry and lowland agriculture become central to upland
development (Coxhead and Jayasuriya, 2003), and national trends in food
demand, agricultural technology and food policy can all have significant envi-
ronmental consequences. Most obviously, agricultural support policies may
stimulate the expansion of cultivated area at the expense of forest. The mech-
anisms for this change vary from country to country and over time, with con-
tributions from state-sponsored land clearing for settlement programmes,
commercial forestry and subsequent land conversion by corporate agribusiness
enterprises, and deforestation and land clearing (as well as the intensification
of bush fallow rotation systems) by ‘subsistence’ farmers (Angelsen, 1995). All
land colonization, however, is driven by a combination of opportunity and
necessity, and encouraged by the absence of well-defined and effectively
enforced property rights over forest-covered land. As we have argued, the
property rights problem itself is partly an artifact of government policies that
identify forest-covered land (or land so designated, including cleared land above
a certain slope or altitude) as a public resource, neither alienable nor dispos-
able, without providing adequately for its protection from encroachment.

Lowland agricultural development

Whereas much of Asia was historically a region of food surplus and labour
scarcity, 20th century population growth soon began to apply pressure on the
agricultural land base. In the three decades after the Second World War, a period
during which the region’s population grew very rapidly, pressures on the land
resource base began to climb, domestic food production per capita began to
decline and the share of food in the value of imports began to rise. Investments
in irrigation, and the introduction of yield-improving technology packages in the
1960s and 1970s, which centred on modern cereal varieties (the ‘green revolu-
tion’), partially alleviated land scarcity by enabling production increases on exist-
ing land. In addition, states sponsored the colonization of new lands for food
production through internal migration, supported by subsidized or publicly pro-
vided services such as land clearing and market and physical infrastructure.
Within agriculture as a whole, and in lowlands in particular, cereal pro-
duction dominates land use and sectoral employment. It follows that techni-
cal progress in cereals — the green revolution — and food policies have
significant effects on agricultural development. Governments of the net food-
importing Asian economies have enshrined food security — or more strongly,
self-sufficiency in cereals at the national or even subnational scale — as a basic
plank of development policy (Barker and Herdt, 1985; David and Huang,
1996). The key instruments of self-sufficiency strategies have been quantita-
tive restrictions on food trade, usually with monopoly control over imports
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assigned to a state agency. Historically, these policies, along with the indus-
trialization policies discussed above, did much to determine resource alloca-
tion and investment flows both to agriculture as a whole, and to industries
within that sector.” In the 1990s many such policies were converted to tar-
iffs to comply with WTO rules. However, WTO rules on agricultural import
policies by LDCs permit ample margins for maintenance of previous trade
regimes, albeit with new instruments.

Outside of irrigated areas, the direct productivity impacts of infrastructural
investments and new technologies in lowlands are generally small (David and
Otsuka, 1994). When international trade is constrained, however, vield gains in
lowland irrigated areas almost certainly diminish pressures for expansion of
food production in uplands by driving down domestic grain prices. Rising labour
productivity and labour demand in lowland agriculture also reduce incentives for
labour migration to uplands (Coxhead and Jayasuriva, 1994; Hayami and
Kikuchi, 2001; Shively, 2001). Historically, and even today, these indirect
impacts of the green revolution confer environmental benefits in uplands, rais-
ing the opportunity cost of deforestation and land conversion (Coxhead and

Jayasuriva, 2004; Shively and Fisher, 2004; Shively and Pagiola, 2004).

Philippine Economic Development and the Uplands

Since the 1950s, in response to new commercial opportunities, land used for
agricultural purposes has expanded considerably in the Philippines. At the end
of the Second World War, most sloping and high-altitude land in the country was
still forested. Agricultural activities in these areas consisted primarily of maize,
cassava and coffee production. Various forms of long fallow were employed by
farmers. In the province of Benguet in Northern Luzon, commercial vegetable
production intensified, and in the 1950s, farmers migrating out of this highland
area introduced commercial cultivation of potatoes, cabbages and other tem-
perate-climate vegetables to similar areas elsewhere. Commercial success in
these crops, the introduction of new maize varieties, and the substitution of cof-
fee and shrub crops with annual crops resulted in a steady intensification in
upland land use in many areas of Mindanao, the country’s largest and least
densely populated island. Since the late 1970s, improvements in infrastructure,
integration of frontier economies into national agricultural markets, and growing
domestic demand for maize and temperate-climate vegetables have ensured that
commercial agriculture in upland areas continues to expand.

The Manupali River Watershed
Physical characteristics of the watershed
The research highlighted in this book was conducted in the Manupali River

watershed, located in the Philippine province of Bukidnon, over more than
10 years, beginning in 1992 (for the location of the study site, see Plate 1).
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This watershed shares many of the historical and institutional features high-
lighted in previous pages and consists of two political jurisdictions: the munic-
ipality of Valencia, which covers the southern side of the upper watershed, and
the municipality of Lantapan, which covers the northern side of the watershed.
Lantapan covers the largest part of the watershed — 31,652 ha out of a total
watershed area of approximately 38,000 ha (see Plate 2).

The municipality of Lantapan is bounded in the south by the left bank of
the Manupali River, and in the north by Mt Kitanglad Range Natural Park, a
major national park. From east to west the landscape begins as river flats
devoted to irrigated lowland rice fields at 300-600 m above sea level, and
extends through rolling areas planted to sugarcane and maize into a band of
maize and coffee at 600-1100 m. Agriculture terminates in a mid-to-high alti-
tude area of maize and vegetable production that extends from about 800 m
into the buffer zone of the national park at 1500 m. Steeply sloped moun-
tainsides extend to 2900 m. The watershed has a mean elevation of 1561 m
and a highest point of 2939 m. More than two-fifths of the area has a slope
of 40% or more; of the remaining area 29% is rolling and 27% is considered
flat. An aerial photograph of the watershed is provided as Plate 3. A map of
the watershed, including major towns, roads and waterways appears as Plate
4. Below our study site the Manupali River runs into a diversion dam feeding
a 4000 ha gravity-fed irrigation system constructed by the Philippines’
National Irrigation Authority in 1987. The entire system ultimately drains into
the Pulangi River, one of the major waterways of Mindanao Island, about
50 km upstream from the Pulangi IV hydroelectric power generation facility,
the largest such facility in Mindanao and one of the largest hydroelectric
power—generating plants in the Philippines.

Mt Kitanglad Range Natural Park was established in 1996 and has a total
area of 42,700 ha, with approximately two-thirds designated as a protected
area and one-third designated as a buffer zone. Approximately 45% of the
total park area is covered with old-growth forest and much of the park
remains forested, in spite of adjacent human activity. As Garrity and Amoroso
(1998) point out, the area is a rich repository of biodiversity and a source of
many environmental services and forest products. Although Mt Kitanglad
Range Natural Park is a relatively small ecosystem, it has been judged to be
of high conservation value due to high rates of endemism of the vascular flora
(Pipoly and Masdulid, 1995; Amoroso et al., 1996). It has one of the great-
est diversity of mammals and birds in the Philippines (Heaney, 1993) and an
extremely high density of tree species. As an example, a 1-ha tree inventory
conducted by Tabaranza (1995) and Pipoly and Masdulid (1996) indicated the
presence of 43 species, 47% of them endemic to the Philippines. This is one
of the highest known tree species density figures for any published tropical
tree inventory.

Forest cover, however, is shrinking, and the buffer zone area surround-
ing the park continues to degrade. GIS evidence from the watershed indicates
substantial changes in land use and land cover over the past 20 years. A range
of problems associated with this conversion of forest to agriculture in the
watershed have been documented (Deutsch et al., 1998). Findings from water
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monitoring in subwatersheds of the Manupali River show persistently rising
total suspended solids (TSS) loadings, along with other indicators of diminution
in watershed function. In some instances, events have been dramatic: in one
recorded event, TSS loadings increased by 1000-fold within a 2-h period of
heawy rain, to reach about 18 kg of soil in each cubic metre of water. The
instability of some tributaries appears to be intensifying, as indicated by abrupt
flooding and drought cycles resulting in washouts along main roads, property
damage, and crop and soil losses. Such patterns of soil and water transport
also pose health risks.

Water quality and human activity are closely linked in the Manupali River
watershed. Abrupt increases in TSS have been observed after land conversion
caused forest cover in a subwatershed to drop below 30% and the share of
agricultural land to rise above 50%. Downstream, lowland farmers have
become increasingly aware of the negative impacts of upland soil erosion due
to heavy siltation of irrigation canals. In some cases, lowland water conveyance
systems are only about 25% efficient. It also appears that the siltation problem
in the downstream irrigation canal network has been intensifying. According
to local observers, the amount of silt removed from downstream canals
between 1993 and 1995 was more than twice the amount removed between
1990 and 1992. Last, but by no means the least, bacterial concentrations in
tributaries of the Manupali River typically exceed WHO and US EPA safety
standards for contact by a factor of 10-50.

The Manupali River is a source of water for drinking and irrigation, and —
as mentioned above — is a tributary of the Pulangi River, which hosts several
hydroelectric power plants, including the Pulangi IV facility. This power plant
is a 255 MW run-of-the-river station that currently suffers from sedimentation
so severe that its official expected life has been severely shortened.

Population and watershed economy

In many important respects — including a history of agricultural expansion, the
persistence of poverty, and a worsening of on-site and downstream environ-
mental quality — the Manupali River watershed shares features common to
many tropical watersheds. The human population of the watershed is diverse.
In the 1970s, Lantapan’s population increased from 14,500 to 22,700 at an
average annual rate of 4.6%; by 1994 the population exceeded 39,000
(Lantapan, 1994). Between 1980 and 1990 the population growth rate in this
region averaged 4% per year, a rate that was much higher than the Philippine
national average of 2.4%. In the most recent decade, however, population
growth has fallen to roughly the same level as the national average.

The main indigenous population group is the Talaandig, who constituted
43% of the municipal population in 2001. Mt Kitanglad area is their ances-
tral home; they retain rights and have asserted claims over much of the land
and resources in the watershed. Various migrant communities are also pres-
ent, however, and immigration, mainly from the poorest provinces of the
Central Philippines, has been a historically important determinant of activities.
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The current population is a mix of indigenes with in-migrants of one, two or
in a few cases, three generations’ duration.

Not surprisingly, agriculture is the primary sector of employment and the
major determinant of land use in the area. In 1988, 71% of provincial
employment was in agriculture, 5% in industry and 23% in services; agricul-
ture provides the primary income source for 68% of Bukidnon households. As
is typical of a recently settled area, most Lantapan farms (about 70%, cover-
ing 80% of total farm area) were owned or in ‘owner-like possession’ in 1980,
the last year for which agricultural census data are available. Farm sizes are
small by upland standards: in Lantapan in 1980, the modal farm size class
(1-2.99 ha) contained 46% of farms and 75% of all farms were smaller than
5 ha. Many households live close to the poverty line. In 1988, food accounted
for 59% of household expenditures in Lantapan.

In 1973, approximately 28% of total land area in Lantapan was consid-
ered agricultural land and was used in the cultivation of temporary crops.8 By
1994 this share had increased to nearly half of the watershed area. This
expansion in land devoted to agriculture has largely involved the replacement
of forest and permanent crops by annual crops. As is clearly seen in Table 1.2,
over the 20-year period ending in 1994, the area of permanent forest shrank
from approximately one-half to slightly more than one-quarter of the total land
area. While a portion of this area was converted to shrubs or secondary for-
est, a much larger portion was changed to annual agricultural crops. Of spe-
cial note is the expansion of land devoted to maize-vegetable systems; between
1973 and 1994, land allocated to these purposes increased from 17% to 33%
of total land area. In early times, both logging and forest fires facilitated agri-
cultural expansion. In recent decades, however, the profitability of commercial
vegetable cultivation has been the primary impetus for forest encroachment,
with decisive contributions from road development and the lack of well-defined
and enforced property rights in land (Cairns, 1995). The expansion of veg-
etables and plantation crops in lieu of cereal crops in the area is also a result
of favourable price and trade policies.

Table 1.2. Land use by slope (10% and greater), 1973 and 1994.

Slope
10-20% 20-40% 40-90%

Land use class 1973 1994 1973 1994 1973 1994
Dense forest 69.5 38.9 88.3 59.9 91.7 57.3
Shrub and tree (besides forest) 3.0 11.1 6.2 22.7 39 325
Shrub and tree (other distribution) 4.0 5.2 1.2 1.7 1.4 0.9
Agriculture 17.6 41.8 3.4 13.1 1.9 7.0
Grass 41 . 0.17 .. 0.85

Bare soil 0.1 1.3 0.2 2.0 0.1 2.3
River and creek 1.7 1.7 0.5 0.5 0.1 0.1

Note: ..indicates data not available.
Source: Bin (1994), Tables 5.5 and 5.11. Data constructed from satellite imagery.
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A number of economic phenomena have helped shape the observed pat-
tern of land use, particularly the expansion of agriculture across the landscape
and its intensification in certain locations. One of the most important eco-
nomic drivers of these phenomena is movements in relative prices. On the
commodity side, relative prices have changed in a discernible way over time,
favouring annual crops such as maize and vegetables over perennial crops
throughout most periods. Trends in input prices have also been influential in
determining crop mixes, as the major crops differ considerably in their
employment of factors. For these reasons, markets and national economic
policies have played a key role in determining observed land use patterns in
the watershed. For example, the profitability of maize and vegetable cultiva-
tion has been both directly and indirectly affected by Philippine government
policies. Such policies consist mainly of market interventions intended to sta-
bilize farm prices, trade interventions intended to defend the livelihoods of
upland farmers and to reduce national dependence on imports, and technol-
ogy interventions such as public support for research aimed at raising yields
and reducing crop wvulnerability to pests and diseases (Librero and Rola,
1994). The outcome of these interventions has been an increase in the area
of maize planted in Bukidnon even as it has declined nationally in the
Philippines (Coxhead, 1997, 2000).°

Important implications of expanded maize and vegetable production in the
Manupali River watershed have been a steady decline in forest cover, an
increase in erosion and sedimentation and an increase in the rate of pesticide
use. Traditional crops, cropping systems and farming practices in the water-
shed remain problematic in this regard, although some technical solutions to
the challenges of upland farming show promise. Furthermore, starting in
1998, at least ten commercial hog and poultry firms established a presence in
the watershed; and in 1999 two banana companies were established in the
middle and upper parts of the watershed. These activities place new strains on
land and water resources and make it clear that steps to improve land use pat-
terns in the watershed will require much more than just technical innovations.
Given the rapid pace of decentralization that has taken place in the Philippines
in the last decade, it may be possible for local institutions and local govern-
ments to play a facilitating role in altering patterns of agricultural and
non-agricultural activity.

Overview of Chapters

The main goal of this book is to provide a focused analysis of the Manupali
River watershed, including biophysical evidence on watershed degradation,
economic and institutional causes and potential remedies. Findings are derived
from research efforts based on data collected in the Manupali River watershed
between 1992 and 2004. The chapters fall into three groups, defined roughly
by their focus on: (i) the definition of challenges; (ii) the economic context of
land use changes; and (iii) analyses conducted using the watershed as a unit of
analysis.
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Chapters 2 and 3 set the stage for subsequent chapters by examining pat-
terns of agricultural development and environmental degradation in the water-
shed. In Chapter 2, Rola and Coxhead examine the history of agricultural
development in the watershed and highlight institutional transitions that have
taken place. The environmental implications of these economic and institu-
tional changes are highlighted in Chapter 3, where Deutsch and Orprecio
present 10 years of water quality data from the watershed. Chapter 3 estab-
lishes the link between changes in the physical characteristics of the landscape
and changes in water quality, thereby providing the necessary broad perspec-
tive for the remainder of the book. Thematically, Chapters 4, 5 and 6 consti-
tute a second section, and provide a set of closely related economic studies. In
Chapter 4, Coxhead, Rola and Kim use time series data from local and
regional agricultural markets to show how national markets have shaped incen-
tives for agricultural expansion and resource allocation at the forest margin. In
Chapter 5, Coxhead and Demeke then conduct an analysis at the farm level,
using household panel data to examine the factors — including agricultural
prices — associated with land use change. Having established the necessary evi-
dence that land use in the watershed responds to changes in national prices,
Chapter 6 presents analysis undertaken at a broader scale. We ask how the
upland economy fits within the overall Philippine economy, using results from
a computable general equilibrium model. Taken together, the results from this
second group of chapters clearly establish the economic context in which land
use change has occurred in the Manupali River watershed.

Chapters 7-11 constitute a third thematic section of the book and share
two features: all take the watershed as their unit of analysis and all focus on
possible remedies for landscape scale resource degradation. In Chapter 7, Ella
reports results from simulations of soil erosion and sediment yields in subwa-
tersheds of the Manupali River, asking how changes in land use might alter
rates of erosion and downstream sediment yields. In Chapter 8, Paningbatan
uses GIS methods to map a series of erosion ‘hotspots’ in the watershed. This
approach shifts the focus towards predictive analysis, in the process highlight-
ing the potential importance of targeting efforts to improve land use practices.
Exactly what might constitute agronomically feasible alternatives to traditional
annual crop agriculture is the subject of Chapter 9, in which Midmore and col-
leagues assess a range of alternative farming systems for the uplands and their
likely consequences for the agricultural landscape.

Two subsequent chapters return the book to an economic focus. In
Chapter 10, Shively and Zelek address the question of how changes in policies,
especially economic policies, might influence land use decisions. Using a simu-
lation model they investigate combinations of local and national economic pol-
icy changes designed to alter the incentives for various forms of crop agriculture
in the watershed. In addition to examining the impact of a range of policies on
household welfare and downstream environmental outcomes, they assess the
distributional and budgetary impacts of various policies, asking what combina-
tions of policies might achieve environmental goals in the most cost-effective
manner. In Chapter 11, Pagiola, delos Angeles and Shively highlight the poten-
tial role that might be played by providing payments for environmental services
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(PES) to achieve environmental improvements. The book concludes with
Chapter 12, in which Coxhead, Rola and Shively explore the evolving interface
between national development policies and local institutions as they shape the
upland environment of the Manupali River watershed.

Notes

T Concerns that erosion from upland farming creates sediment in downstream irrigation systems,
reducing both their productivity and expected life, are especially important in light of evidence
that a lack of reliable water supply precludes expansion and intensification of agriculture in many
low-income areas of Asia (Myers, 1988; Svendson and Rosegrant, 1994; Rosegrant et al., 2001).
As an example, estimates from the Philippines suggest 74-81 million t of soil is lost annually, and
63-77% of the country’s total land area is affected by erosion (Forest Management Bureau, 1998).
Sedimentation has reduced storage capacity at all of the Philippines’ major reservoirs, and has
measurably affected domestic water consumption, power generation and irrigation. Over the last
25 years dry season irrigated area has fallen by 20-30% in several of the country’s key irrigation
systems (Forest Management Bureau, 1998).

2 Parts of this section draw on Rola and Coxhead (2005).

3 For an example of how customary rules of resource access are sometimes unable to adapt to
rapid changes in technology, see Shively (1997).

4 The composition effect is one of three normally identified in analyses of growth-environment link-
ages. The other two are the scale effect (the additional demand on environment and natural resources
due to economic expansion), and the technique effect, capturing secular changes in technology and
non-homothetic preferences, due to changes in the capital stock and changes in incomes, respec-
tively. Unlike the composition effect, the signs of both the scale and technique effects are hypothe-
sized to be unambiguous: scale effects increase environmental damages and technique effects lessen
them. See Antweiler et al. (2001).

> See Binswanger (1991) for an early analysis of policy influences on deforestation in the
Brazilian Amazon.

6 ‘Fragility’ is defined by criteria relating to aridity, slope, forest cover and soil type.

7 South-east Asia’s two largest food importers, the Philippines and Indonesia, each achieved self-
sufficiency in rice (in 1970 and 1985, respectively) as the result of huge investments of public
funds in rice production, R&D, and related infrastructure, with substantial land and other
resources diverted from production of other crops (Barker and Herdt, 1985).

8 This area excludes areas devoted to production of coffee, rubber, abaca and other tree and
shrub crops.

% In Chapter 6 we use an economy-wide model of the Philippines to show that, at constant
prices, even modest technical progress in maize production (which has the same effects on farm
profitability as a price rise) increases the area planted to maize.
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Introduction

Economic development in the uplands is subject to tremendous influence from
events in other sectors and regions, as subsequent chapters in this book will
make clear. Through markets and migration, policies directed at specific ‘low-
land’ sectors can also affect upland resource valuations, patterns of land use
and production, and thus environmental outcomes (Coxhead and Jayasuriya,
2003). The ways in which these external influences affect uplands and forests,
however, depend critically on the structure of the upland economy and in par-
ticular on the legal framework and other institutions that constrain or encour-
age resource allocation and exploitation decisions.

[t was argued in Chapter 1 that economic development in the uplands has
been accompanied by distinct phases of institutional development. These
phases were highlighted in Fig. 1.1. The early phase is defined by the erosion
of customary law, and later phases by the assertion of authority by the central
state — often after a hiatus described by Burch (1990) as a ‘period of destruc-
tion and disorder’. In some localities we now see a third set of institutional
arrangements on the rise, as local governments and communities assume con-
trol over some aspects of resource management. In some instances, there is a
move to reassert customary laws, albeit in modified form.

This chapter addresses institutional evolution with particular reference to
South-east Asia and the Philippine case, and focuses on those institutions most
critical to forests and upland land resources. The discussion addresses resource
management policies as well as access and control, that is, the property rights
attached to the resource in question, as primary factors conditioning household
and community decisions on natural resource management. In the Philippine

*Parts of this chapter are drawn from Rola and Coxhead (2005) and are used with permission.
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case study we identify some examples of recent institutional innovations that
appear to satisfy many requirements for sustainable decentralized natural
resource management in the long run.

Property Rights over Land and Forest

The centralization of government in general, and of control over natural
resource assets in particular, has long been a feature of governance in devel-
oping countries. In the Philippines, Spanish-era law asserted the State’s own-
ership of all land unless a decree was issued to the contrary, and this precedent
has ‘remained the theoretical bedrock upon which Philippine national laws
were based...land not covered by official documentation is considered part of
the public domain...regardless of how long [it] has been continuously occupied
and cultivated’” (Lynch, 1987: 270). This doctrine persisted through the
American administration and independence. Although by the mid-1980s the
area of declared public land had shrunk to only 62% of the total, it still cov-
ered 90% of uplands (Lynch, 1987: 270). A 1975 presidential decree explic-
itly prevented the occupants of uplands from acquiring private property rights,
at the same time as it declared that existing occupants were immune from
prosecution (Lynch, 1987: 284). Given the lack of documentation and diffi-
culty of enforcement, this act effectively legislated open access to forestlands
by individuals.

In Indonesia, the Dutch colonial regime was in general content to rule
through local leaders. However, the colonizers asserted ownership over land
and forest once the value of those assets had been raised by trade in the
mid-late 19th century. Even in the independence era, Dutch colonial practice
persisted in the Basic Forestry Law of 1967, which designated 74% of total
area (and 90% of the Outer Islands) as ‘state forestland’ under the control of
the Ministry of Forestry, nullifying traditional law or adat. As Fay and Surait
(2002: 126) describe it: ‘[Tlhe creation of the state forest zone nullified local
customary rights, making thousands of communities invisible to the forest
management process and squatters on their ancestral land.” Other post-colo-
nial regimes in South-east Asia, as well as in Thailand, passed similar laws
around this time.

Though the primary incentive for control over land and natural resources was
its exploitation for economic growth, motivation for continued central ownership
and control was as much political as economic or managerial:

The new independent nation-states that arose following the Second World War have
shown little interest in revitalizing local-level systems of authority . . . (they) do not
relish the thought of local political forces that might challenge the legitimacy and
authority of the national government. This means that natural resources have become
the ‘property” of the national governments in acts of outright expropriation when
viewed from the perspective of the residents of millions of villages. This expropria-
tion is all the more damaging when national governments lack the rudiments of a
natural resource management capability

(Bromley, 1991: 127)
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National planners regarded natural forests as resources to be exploited for
national development. The harvesting and exporting of timber and forest prod-
ucts was a means to finance modern agricultural and economic growth (see
ADB, 1969). In the Philippines, for instance, veneer, logs and lumber were
among the top export earners from before the Second World War until the
early 1980s. Indonesia, likewise, depended heavily on foreign exchange
earned through the exploitation of its forests prior to the oil booms and indus-

trial growth of the 1970s and 1980s (Resosudarmo, 2002).

Forest Management

The question of who governed the forests during this transitional period of
development is more complex than the applicable laws indicate. While most
forest resources in South-east Asia were claimed by the state and governed at
the national level (Table 2.1), in reality these resources were controlled by a
number of actors, with or without the blessing of national government. In sev-
eral countries (and regions within countries), alliances and conflicts among dif-
ferent national agencies, the military, local elites, and domestic and foreign
timber corporations determined forest access. In others, local communities
successfully maintained at least some degree of influence, usually due to diffi-
culty of access. Tribal and cultural groups retained much effective control over
forest resources in the highlands of Vietnam, Laos and Thailand, for example,
in spite of highly centralized forest management policies (Poffenberger, 2000).

In the Philippines and Indonesia, however, central government and its
private sector allies have been more dominant (Kummer, 1992). Alliances (for-
mal and legal, or otherwise) between timber corporations and the state
(as nominal owner of the forests) undoubtedly contributed to very high rates of
forest clearing. In the Philippines, for example, the Marcos administration
(1965-1986) and private companies forged a Timber License Agreement
(TLA) which permitted corporate entities to cut trees in a forest area of not
more than 100,000 ha for a period of 25 years, with no effective responsibil-
ities for forest management, replanting or environmental controls. This policy
and its successors are partly responsible for the Philippines having recorded
the highest annual deforestation rate among South-east Asian countries in
1980-1990 (3.3%), and in 1990-2000 (1.4%) (FAO, 2001).

Policies influencing forest and land management have also arisen as side
effects of other facets of particular countries’ development strategies. Most
well-known among these are the various internal migration initiatives of the
1960s to 1980s, in which government agencies cleared and developed virgin
land at the frontier to house and sustain sponsored migrants. Under these pro-
grammes large areas, most notably in Malaysia and Indonesia, were converted
to plantations and upland fields, and usually supplied with irrigation and other
infrastructure at considerable public expense. However, the degree of control
over land use exerted by government agencies in transmigration areas varied.
In Malaysia, where the main focus was on development of rubber and other
plantation crops, federal land development agencies maintained a high degree



Table 2.1. Policy context for forest management, selected Asian countries.

Country
Policy
Period Cambodia Indonesia Vietnam Philippines Thailand
1970s to e Military, local elite e Centralized control e Government e Centralized e Cultural communities
1990s and foreign corporations e Overdependence nationalized large governance govern forest
control the forests on forest resources areas of land in of natural management
e All forestland belongs for national income the 1950s and early resources e National Forest
to the state e Logbanand 1960s e Natural resource policy/Land reform act
vertical integration e Local residents have extraction is a was implemented
of the forest industry no access to forest primary vehicle but did not specify
lands for development environmental rights
and responsibilities to
communities
1990s e Community involvement e Community-based e Private households e [P rights e National parks and
onwards is encouraged in forest forest management replace state forest recognized sanctuaries were
management e Timber plantation enterprises e Logging ban established but in

Comprehensive policy
framework to clarify
tenure right and
responsibilities needed;
move to decentralization

management

e 1993 Land Law gave
local inhabitants
extensive use rights
over agriculture and
forestlands

e Decentralization
of some DENR
function to local
government

e Community-
based forest
management as
a national strategy

conflict with policy of
promoting community
forest management

o No formal legal basis
for community
resource
management

Sources of basic data: Poffenberger (1990, 2000); Nilo (2000); Resosudarmo (2002).
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of land use control, whereas in Indonesia, where national agencies had little
effective authority, migrant communities frequently adapted infrastructural and
land facilities to their own uses (Gérard and Ruf, 2001).

By the late 1980s, as commercially exploitable stocks dwindled, damaging
side-effects of deforestation became more readily apparent, domestic and for-
eign conservation movements gained voice and forest policies began to
change. Thailand and the Philippines both imposed bans on commercial log-
ging and on the export of raw timber around 1990.1 Like the resource
exploitation policies that preceded them, however, these conservation meas-
ures also assumed an often unrealistic level of central control. Timber harvest
restrictions were difficult to implement in the absence of appropriate incentives
for loggers and exporters, and were widely circumvented. Efforts to provide
incentives for sustainable forest management by corporations, primarily
through long-term forest leases, met with only limited success.?

The Shift to Local Ownership and Management

The global trend towards decentralized government since the 1990s has begun
to transform forest and land management in Asia, just as it has many other
areas of policy and administration. In most countries, however, the evolution
of forest policy away from centralized exploitation (and more recently, from
centralized attempts at conservation) towards one in which communities and
their representatives occupy centre stage is very new. The recognition of land
or forest ownership by upland communities is even more novel — in spite of
earlier legal steps in the same direction — and remains quite incomplete.
Many governments of South-east Asia subscribed to the ideal of local
resource management in the 1990s. This shift usually coincided with broader
programmes of political decentralization. Community-based forest manage-
ment (CBFM) programmes, in which some resource decisions are deconcen-
trated or devolved to local jurisdictions (albeit within an overarching
programme of central control) became widespread. The period of decentral-
ization also saw some governments commit to ceding broader legal powers,
including ownership. But the shift has been incomplete, and the legal basis for
devolved management and ownership remains weak. In Cambodia, for
instance, community involvement in forest management is encouraged, but the
absence of documented forest rights and responsibilities leaves communities
with no legal authority (Poffenberger, 2000). Similarly, Thailand has imple-
mented a National Forest Policy which includes decentralized management
powers, but does not specify the environmental rights and responsibilities of
communities. In Vietnam, the 1993 Land Law conferred land use rights to
communities and individuals, but the ownership of land and forests still rests
with ‘the people’, that is, the state (Tachibana et al., 2001). In part for these
reasons, devolution has not provided a complete set of solutions for forest
degradation and depletion. Policy conflicts have continued, fuelled both by the
economic pressures of growth and by mismatches between central and local
powers (see Chapter 1). National agencies continue to make and implement
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policy, for example declaring protected areas or initiating reforestation pro-
grammes, without local consultation. In other cases, local communities con-
duct their affairs without reference to national plans or regulations. These are
most obviously seen in post-Suharto Indonesia, where local administrations,
empowered by several large legal steps towards decentralization in 2000, have
awarded themselves increased powers both de jure and de facto, gambling
that central authorities will not institute effective counter measures (Colfer and
Resosudarmo, 2002).

The Philippines has made considerable progress towards forest and upland
tenure reforms for environmental management, especially since the passage of
the 1991 Local Government Code. Implementation of the Integrated Social
Forestry Program (part of the Comprehensive Agrarian Reform Program
passed in 1987 and covering all agricultural lands, including public alienable
and disposable lands) has facilitated granting of tenure to forest occupants. In
many upland areas, local inhabitants can secure a Certificate of Stewardship
Contract (CSC) giving them exclusive use and occupancy rights to public
forestlands for a period of 25 years with possible renewal. Individuals, families
and local communities enter into a contract with the government for this pur-
pose. But it is the duty of CSC holders to engage in soil conservation, sup-
pression of forest fires, and conservation of forest growth in their areas of
responsibility (Magno, 2003). Other laws passed in the 1990s also devolved
forest management, among them the 1997 Indigenous People’s Rights Act
(IPRA), which purports to recognize land claims based on ancestral domain.
But ambiguities in the law persist, and its implementation has not been
smooth. Systemic political and institutional weaknesses mean that though new
legal arrangements are introduced, older ones do not go away, creating layers
of conflicting authority. It is not uncommon for putatively public land in the
Philippine uplands to be the subject of multiple ownerships claims, each
appealing to a different piece of legislation.

Policies not directly linked to land or forest tenure have also affected
upland land use and development. Some programmes, such as internal
migration schemes, have no direct relation to natural resource management
but nevertheless exert indirect influences by creating incentives or opportu-
nities to change land use. Other measures directly target particular aspects
of the upland economy and upland environments. These include extension,
research and development aimed at generating new or more efficient upland
farming techniques, forest protection and reforestation measures, and soil
conservation projects. Agroforestry has also become a widely promoted
technology package aimed at upland protection and rehabilitation. While
official resource management strategies have by and large relied on these
direct approaches, however, farmers have typically been reluctant adopters.
Tenure insecurity and the broader economic environment are both influential
constraints; so too are the often contradictory signals sent indirectly by land
development and resettlement policies, which encourage agricultural expan-
sion and intensified land use, usually with little regard to environmental con-
sequences (Rola and Coxhead, 2002). Contradictory policies persist because
they are the domains of different agencies (for example the Agriculture or
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Environment ministries) with no overarching coordinating mechanism (e.g.
TDRI, 1994).

In summary, policies that support community-based stewardship of natu-
ral resources are evolving slowly in South-east Asia, after a long period of
more or less open access. But the structures that are emerging are quite dif-
ferent from earlier customary governance systems, not least in that there is fre-
quently an explicit commitment to collaboration between the state (national or
local governments) and civil society. Incomplete decentralization of other areas
of administrative control may have complicated the forest and land manage-
ment process. In many cases, local control does not imply governance by the
community; rather, there is an ongoing evolution of local power that mimics
the centralized system it has replaced. Local elites, foreign interests and other
actors now also have access to resources — sometimes with even less oversight
than before. Whether decentralization is a better arrangement than centralized
control of resources, therefore, remains to be seen.

Decentralization and Environmental Management

Decentralization, like globalization, undermines the potency of the traditional
resource management model based on regulatory constraints designed and
implemented by central agencies. After years of failed attempts at centralized
management, opinion in the 1990s turned decisively in favour of local
approaches. In South-east Asia, as noted above, this shift coincided with the
decentralization of numerous other government functions. Can local govern-
ments do a better job of resource management than central governments?
Some advantages are clear. For example, local administrations often have spe-
cific knowledge of local environmental and economic conditions, and therefore
should be in a good position to fine-tune policy. But disadvantages also sur-
face. Four of these are especially widespread: externalities, lack of accounta-
bility, overlapping mandates and capacity constraints.

Externalities. Jurisdictional boundaries do not typically coincide with relevant
natural resource boundaries (such as watersheds), leading to problems of hor-
izontally overlapping control areas and unresolved externalities. When the cor-
respondence between the boundaries of political jurisdictions and the optimal
units for natural resource management is inexact, environmental policy man-
agers have an incentive to overexploit the resource. In South-east Asia this
problem is most clearly visible in the management of watersheds and river
basins, and is compounded when economic and population growth increase
local demands on water and land resources. In Vietnam, for instance, conflicts
have emerged between upstream coffee irrigators and downstream rice pro-
ducers, and in China, development activities in upstream locations lead to
social conflict with neighbouring villages over pollution, erosion and siltation in
downstream locations (Dupar and Badenoch, 2002). These are by no means
exceptions; similar tensions have been documented throughout the region.
Although the textbook solution is easy — recentralize control to internalize
external costs — in practice it proves difficult to ‘take back’ devolved powers,
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as the Indonesian government has discovered while trying to mend some of
the more egregious errors in the 2000 decentralization laws.

Lack of Accountability. Accountability of local administrations is a critical con-
straint to socially beneficial local decision making. At the macro level,
accountability requires institutional checks and balances on the actions of local
governments, private businesses and even NGOs. A strong external audit sys-
tem is considered to be critical in ensuring macro-level accountability
(Manasan et al., 1999). Local governments could be more fiscally responsi-
ble and accountable if they were endowed with greater power to tax, because
they are closer to the constituents that they tax. Currently, local governments
in most countries in the region are authorized to collect real property and
local business taxes only (Gonzales and Mendoza, 2002). In all South-east
Asian countries, a large portion of local government income is still supplied
by central government. When local funds are limited, fiscal incentives exist for
local governments to promote growth of polluting industries and accelerate
resource extraction (Rola et al., 2003). This has also been in evidence in
Indonesia since the fall of the New Order regime (World Bank, 2000a; Lewis,
2001).

At the local level, accountability is frequently determined by the availabil-

ity of constitutional and practical instruments by which communities acquire
‘voice’ in the formation and implementation of local policy. While decentral-
ization ‘does not guarantee that local communities will reap more benefits and
be more interested in sustainable environmental management, it does increase
the chances that this will happen’ (Manasan, 2002). As Table 2.1 illustrates,
participatory approaches to natural resource management, that is, those
involving the community directly in addition to local government, improve the
likelihood that the latter will be held accountable for resource management
decisions.
Overlapping Mandates. A third and related problem arises from incomplete and
uneven decentralization of functions. This often means that the mandate
assigned to a local agency may not be matched by the authority vested in it.
One of the most common problems reported in the literature is the inadequate
coordination between line agencies and the elected local authorities that have
assumed the management of their environmental resources. Decentralization
laws in the Philippines, Thailand and Indonesia have failed to provide a clear
division of responsibilities between local government and national line agen-
cies, for example by increasing budgetary transfers without allocating new
expenditure responsibilities (World Bank, 2000a,b). In all these countries,
national line agencies operating at a local level tend to remain very much com-
mitted to national programmes, even if these are inconsistent with local goals.
In the case of conflict, the policies of national governments tend to override
local preferences, sometimes precipitating vehement and even violent con-
frontations of communities and representatives of the state.

Uneven decentralization also means that overlapping mandates among
central agencies may cause policies applied by one agency to cancel the effects
of policies applied by others (Manasan, 2002; TDRI, 1994). Hence, one chal-
lenge of decentralization is to ‘embed efforts in a framework that promotes



Table 2.2. Decentralization dynamics: selected cases in South-east Asia, 2002.

Decentralization dynamics

Study site Actors and powers Outcomes Remarks
Nghe An province, e District forest agencies gain new e Lack of genuine consultative process e Lack of accountability
Vietnam responsibilities e Detailed technical specifications from e Mismatched mandate and
centre create adverse effects for authority
livelihood and environment
Ratanakiri e Budgets provided by the national e Local people lack rights to e Accountability, mismatched
province, government from donor funds defend resources from external mandate and authority
Cambodia commercial interests, thus

Luang Phabang
province, Laos

Chiang Mai
province (Mae
Chaem
watershed),
Thailand

e Provincial officials provide
support to legitimize local
initiative and interests.

e Villages have increased role in
land use planning

e Provincial officials have
increased roles in regional
development planning.

e Villages have increased voice in
development decision making
through elected tambon
committee

undermining environmental, livelihood
benefits of decentralization

Local consultative process
leads to collective action

Line agencies lack technical expertise
and support to carry out their duties

Lack of clear division of labour between
local government and line agencies
leads to lapses, tensions in natural
resource management

Existing community-based
organizations and networks strengthen
decentralization process

e More accountability, but
mismatched mandate and
authority

e Capability constraints

e Mismatched mandate
and authority

continued
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Table 2.2. (continued.) Decentralization dynamics: selected cases in South-east Asia, 2002.

Decentralization dynamics

Study site Actors and powers Outcomes Remarks
Bukidnon province e Local government has fiscal e Fiscal decentralization is an avenue to e Lack of accountability
(Manupali powers exploit natural resources to generate
Watershed), funds. This can accelerate watershed
Philippines degradation
e Community-based water e Watershed level coordination among e Externality problems
watchers have no legal support different LGUs is lacking

Source: Except for the Philippines, data were taken from Dupar and Badenoch (2002). The Philippine case study is from Sumbalan (2001), Rola et al. (2003) and
Rola et al. (2004). Remarks column are the authors’ interpretations.
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overall national goals of economic and administrative integration, environmen-
tal quality and revenue generation while allowing sufficient flexibility in local
implementation to meet unique local conditions’ (Dupar and Badenoch, 2002).
Capacity Constraints. Finally, local governments face capacity constraints in the
conduct of analysis, policy formation, and fiscal powers needed to implement
resource management measures (Coxhead, 2002). In most countries, envi-
ronmental databases are weak, which undermines both national and local pol-
icy capability (World Bank, 1995). Local officials usually lack technical capacity
for policy design and implementation, and for project monitoring and evalua-
tion. In the Philippines, most technical experts for environmental management
report to the central office; only a very lean force is assigned at the field level

(Manasan, 2002).

Decentralization and Upland Resource Management Institutions
in the Philippines

In the remainder of this chapter we survey recent institutional trends in the
Philippines, focusing on the local government of Lantapan. The survey high-
lights challenges to decentralized management of the types just identified, but
also indicates some recent innovations that carry the seeds of improved insti-
tutions and management strategies for the future.

Since passage of the Local Government Code in 1991, environmental
management mandates and policy powers are distributed across all levels of
governance in the Philippines, funding and other forms of administrative sup-
port come from Congress and from local government. Technical support in
the preparation of provincial and municipal plans comes from line agencies
and local government units, with assistance from the academe and from devel-
opment projects. In a new departure, responsibility for much upland resource
policy is increasingly in the hands of now-evolving multi-level, multi-sectoral
institutions (see below).

The national mandate is abstract: Philippine law states that it is the duty
of the national government to maintain ecological balance. The Department
of the Environment and Natural Resources (DENR) is tasked to lead in this
function, although its mandate naturally overlaps with those of the Department
of Agriculture, the National Irrigation Administration and several other bodies.
There has, however, been a serious effort to create an overarching coordina-
tion mechanism. Following the Earth Summit in 1992, the national govern-
ment created the Philippine Council for Sustainable Development (PCSD),
with the head of the National Economic and Development Authority as its
chair. The PCSD is mandated to oversee and monitor the implementation of
the Philippine Agenda 21 (PA21), the Philippines’ blueprint for sustainable
development, by providing the coordinating and the monitoring mechanisms
for its implementation. Like its global namesake, PA21 as an expression of the
national mandate to ‘protect the environment’ has set out broad goals and
strategies, that is, involvement of non-governmental organizations (NGOs) and
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peoples organizations (POs), people empowerment, etc., but doesn’t dwell
much on specifics.

The 1992 Local Government Code (LGC) initiated a period of devolution
of national mandate, including some of the DENR. The present day is thus a
transition period in which national agencies are slowly devolving responsibili-
ties to local governments; but the DENR remains the least decentralized of all
Philippine government agencies, with only 4% of its staff and 9% of its budget
located outside Manila, in contrast with averages of 51% and 12%, respec-
tively for all agencies (Manasan, 2002).

At the sub-national level, much of the devolved natural resource manage-
ment responsibility under the LGC bypasses provinces, moving power directly
to municipalities. In practice, however, provincial governors and their admin-
istrations retain considerable influence over local decision making. Part of this
takes place formally, through the exercise of their supervisory and coordina-
tion functions over municipalities and in particular through the Provincial
Environment and Natural Resources Office (PENRO), which exercises a num-
ber of devolved line functions, such as forest protection and titling, and the
administration of small-scale mining. More influence is exercised less formally,
however, through the provincial government’s use of its superior analytical
capacity and its ability to impose fiscal quid pro quo arrangements to guide
and constrain municipal decision making.

Municipal governments are mandated to undertake water and soil
resource utilization and conservation projects, implement community-based
forestry projects, manage and control commercial forests with an area not
exceeding 50 km?, and establish tree parks, green belts and similar forest
development projects. All these functions, however, are mandated pursuant to
national policies and subject to supervision and review of the DENR (DILG,
1991, emphasis added). This illustrates that, by law, the national office still
controls the environmental programmes of the local governments. Low-
income upland municipalities typically do not have an Environment and
Natural Resources Office (ENRO); the local government code provides for this
only as an ‘option.” In our study municipality, the de facto ENRO is a staff of
the province. With two bosses, this person faces challenges in conducting his
or her job effectively. On the other hand, all municipalities have a municipal
agricultural officer (MAQ). In many upland areas agriculture is the main driver
of environmental change; hence the devolved MAO is, in practice, a key agent
for environmental policy.

Further down the governance level, the village or barangay government
has no legal support to conduct environmental programmes. Village govern-
ment could ideally be an active proponent of some such initiatives, because it
is closer to communities and households and thus better able to articulate local
concerns. At present, village-level environmental programmes such as soil con-
servation, tree planting, monitoring buffer zones, and the like are initiated
mainly by external agencies such as NGOs and externally funded projects in col-
laboration with national, provincial and municipal governments; village-level
governments have no clear role except as cooperators. However, the long-term
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sustainability of externally designed and funded environmental initiatives may be
heavily dependent on the extent to which they draw in, strengthen and confer
‘ownership’ to community and village institutions.

In an important recent innovation, the Philippines is now witnessing emer-
gence of multi-level, multi-stakeholder institutions in which all relevant
stakeholders — communities, local and national government — collaborate to
address resource management issues. In theory at least, these have the potential
to overcome many of the problems faced by individual local governments and line
agencies, such as external costs, capacity constraints and overlapping mandates.

Decentralized Resource Management in the Manupali River Watershed

In this section we summarize a 9-year study (1994-2003) of resource man-
agement in Lantapan which illustrates the realities and challenges in upland
management under decentralized regimes.

Early development

Lantapan’s forestland was opened by commercial loggers granted a Timber
License Agreement (TLA) by the national government. Agriculture followed
the loggers, with migrants from other parts of the Philippines contributing to
rapid area expansion. Large-scale deforestation took place from the 1950s to
the 1980s. The uplands were indeed seen as a source of ‘green gold’ by low-
landers (Malanes, 2002), and the spread of intensive upland agriculture was
largely driven by market opportunities (Coxhead et al., 2001). Fallow periods
were short, and in general, soil conservation was not practised, leading to sig-
nificant land degradation. During 1974-1994, primary forest cover was
reduced from half to less than one-third of municipal land area, being replaced
mainly by maize and maize-based farming systems (Li Bin, 1994). Resource
management decisions were the responsibility of national agencies (especially
those now known as the Department of Agriculture and the Department of
Environment and Natural Resources), although in practice, land use rights and
practices were allocated largely through local and informal mechanisms. In-
migrants (some relocated from Northern Luzon highland areas in government
programmes) acquired land from indigenous people in exchange for small
sums or in barter trade; ownership claims were established through officially
invalid means such as land tax declarations (Paunlagui and Suminguit, 2001).
In Lantapan, the transition from customary law to forest and agricultural land
occurred in little more than two decades following Independence.

1990s to the present — transition to the late development period

Our data show that the deforestation rate in the Manupali River watershed
has decreased in the past decade. The estimated rate of deforestation was
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about 0.6% annually during the period 1994-2001, less than half that of the
1.4% national estimate during the same period. Outmigration has begun to
be observed, especially though not exclusively during the drought years
1997-1998 (Rola et al., 1999). On the other hand, agricultural intensifica-
tion continues to be driven by opportunities in domestic and international
markets. Land use data also confirm the intensive cultivation mostly of annual
crops not just in the lower slopes, but likewise in the upper watershed. Water
quality monitoring since 1994 in several watersheds shows that measures of
total suspended solids (TSS) are considerably higher in those areas where agri-
cultural cultivation is more widespread, in spite of lower average slope, and
that seasonal TSS peaks appear to coincide with months of intensive land
preparation activity (Deutsch and Orprecio, Chapter 3).

On a wider watershed scale, other consequences of rapid and increasing
soil erosion due to agricultural intensification can be seen in the deterioration
of two water impoundment structures, the MANRIS diversion dam and the
Pulangi IV hydropower facility, located a few kilometres below the junction of
the Manupali and Pulangi rivers. Although forest management policies and
strategies to reduce deforestation were adopted in the 1990s, and despite a
ban on commercial logging, policies to promote sustainable upland manage-
ment have yet to translate into better environmental health.

Institutional innovations under decentralization: the protected area
management board

In the Philippines, local management of natural parks is stipulated in the
National Integrated Protected Areas System (NIPAS) law. Mt Kitanglad Range
Natural Park, a protected area, is situated in the Bukidnon provinces. Some
management responsibility is accorded to the Protected Area Management
Board (PAMB), whose members include representatives from line agencies,
local government and the community. The Chair of the Board is the regional
director of the DENR.3 The PAMB regularly meets to provide oversight and
guidance to field implementers.

Though a central government creation, the PAMB recognizes elements of
customary law. A Council of Elders (COE) reinforces the natural park man-
agement by applying customary law in dealing with violators. The COE is stip-
ulated in the Indigenous People’s Rights Act (IPRA), under which, indigenous
peoples are given authority to practice their customary rules in the manage-
ment of natural resources. The Kitanglad Guard Volunteers (KGV), a people’s
organization, patrols and monitors illegal activities, with offenders undergoing
a sala, or cleansing ritual. However, it has been observed that local tribal lead-
ership through such institutions has emerged and begun to influence manage-
ment of the protected area — sometimes extending beyond defined legal terms.
As a result, officials see it as necessary to resolve and clarify the dividing line

between legally instituted structures and traditional management structures
(PAMB, undated).
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Watershed Protection and Development Councils

Watershed Protection and Development Councils now exist for both the
province and the study municipality. At the province, this is a multi-sectoral
body composed of national and local agencies, academe, local government
units and representatives from non-governmental organizations (NGOs). The
1995 presidential decree creating the provincial body stipulated that it was ‘in
order to fully protect and preserve the remaining forests in the Bukidnon
watersheds and rehabilitate open areas within their headwaters’ (see Sumbalan,
2001). Representatives of resource agencies in the province make up the
Technical and Advisory Committee (TAC). This body has the potential to
enable local actors and stakeholders to realign their efforts towards wider
watershed level programmes.

At the municipal level, the Watershed Management Council was formed
in part as a response to advocacy efforts of the SANREM CRSP research pro-
ject. This is a multi-sectoral group comprised of representatives from agribusi-
ness, NGOs, people’s organizations, the municipal legislative council and
provincial agencies. A Municipal Watershed Management Plan was recently
approved for use as a guide to watershed management in the municipality. It
is also an input into the provincial watershed management plan.

Institutional Challenges for Sustainable Upland Agriculture

In our study area, as in many other locations, the asynchronous development
of markets and institutions has been associated with very rapid rates of forest
conversion and land degradation. With growing market demand for resource-
based products in the post-colonial era, the undermining or outright abroga-
tion of customary laws with no effective replacement created a situation in
which open access became widespread: the so-called ‘period of disorder and
destruction.” Rapid rates of deforestation and land conversion ensued.
Subsequently, intensive agriculture became the leading culprit of upland
destruction. During this period, national agencies increased their presence at
the frontier, but the effective assertion of State control lagged far behind.
Resource management policies began to be deconcentrated in the 1990s as
part of a far broader set of decentralization measures. Moving decision mak-
ing powers closer to the resources is generally seen as a good thing, but
whether decentralization is a better alternative for watershed and natural
resource management depends on whether institutional arrangements develop
to overcome the inherent difficulties imposed by externalities and other con-
straints to effective local management.

The devolution of authority needs to be accompanied by institutional
reforms for increased transparency and accountability and for building local
capacity. The problem of jurisdictional boundaries and overlapping mandates
must also be addressed. Multi-level, multi-stakeholder institutions such as the
PAMB look like good first steps, but the specific design of such bodies must
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vary from place to place according to specific economic, cultural and institu-
tional conditions, so it is too early to say that this model is a generalizable one.
In increasingly highly organized market economies, the formal, corporatized
private sector can and must be drawn into this process as an important and
influential actor (Siamwalla, 2001). In the long run, protecting upland water-
shed and natural resources in decentralized resource management systems will
depend on the sincerity of national governments in devolving functions, the
competence of local governments to perform these functions, and the active
participation of local community members and other local actors in the gover-
nance and management of their natural resource assets.

Notes

" Indonesia had imposed a similar logging ban in 1981, but the motivation was somewhat dif-
ferent, primarily aiming to protect and promote its domestic plywood industry.

2 In the Philippines, a programme called the Industrial Forestry Management Agreement (IFMA)
was implemented in 1991. This was a 25-year renewable contract between the Department of
Environment and Natural Resources (DENR) and private business or legal commercial forest
users, giving the latter rights to replant, and to harvest replanted trees (Vitug, 2000). After only
limited success, the programme was suspended indefinitely in 1995. A similar programme in
Indonesia (Timber Plantation Development) was also promoted, but its sustainability objective is
falling short of expectations (Resosudarmo, 2002).

3 This is a generic rule. Protected areas could be spread across more than one province. Mt
Kitanglad range is situated in Bukidnon, and for this reason the provincial government actively

participates in its management.
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Introduction

Over the past few decades, there has been a growing interest worldwide in get-
ting personally involved with environmental issues. Many community-level
groups have sought ways to gather environmental data by themselves, without
relying on ‘experts’ who are often unavailable, too expensive or unwilling to
get involved with a local issue. Water quality and quantity issues are becoming
increasingly important and are central to both ecosystem health and human
development. Because of recent advances in simple technologies for testing
water, local groups of non-specialists can now collect reliable information that
is useful for watershed management, and is often the only empirical data avail-
able for decision makers and resource managers.

Human-altered land ultimately affects the quantity and quality of water.
Rainfall percolates through soil or flows on the land’s surface, and carries both
suspended and dissolved substances to groundwater and streams. How soil is
covered and protected affects the amount and pattern of run-off, erosion and
sedimentation. Likewise, the types of household and agricultural chemicals
used, and how human and livestock wastes are disposed of, will eventually
impact water and water users. Land-based activities are manifested in water
and determine the aesthetic and productive characteristics of watersheds.

“We thank Vincent Molina, President of the Tigbantay Wahig, and all members of CBWM
groups in the Philippines for devoting thousands of hours of volunteer time for water monitor-
ing and community service related to this project. Janeth Labis, Wendell Talampas, Eric
Reutebuch and Sergio Ruiz-Cérdova assisted with data management and analyses.

©CAB International 2005. Land Use Change in Tropical Watersheds: Evidence,
Causes and Remedies (eds |. Coxhead and G. Shively) 37
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Many communities in the developing world share similar accounts of how
water quality and quantity has degraded in living memory. Community elders
will recount how stream water was drinkable and stream flow was steady in the
past, whereas it is presently polluted and undergoes more frequent flooding
and drought cycles. These locally perceived changes in watershed function
provide an impetus for community action and, when coupled with proper
training in use of simple test kits, can lead to important data for environmen-
tal restoration and protection.

For the last 14 years, several research projects have worked in varying
degrees of integration to understand and quantify ecological, social and eco-
nomic conditions and trends in the Manupali River watershed and its various
subwatersheds (see Plate 4). This chapter reports findings from a community-
based water monitoring (CBWM) project that was conducted between 1993
and 2003 in the watershed. At the outset, it is important to underscore that
the activity was not strictly limited to water quality monitoring and data collec-
tion. We aimed not only to collect important and credible information about
changes in water quality, but also to empower various community groups to
engage in environmental assessment and influence trends in water quality and
quantity. Below we provide an overview of how the CBWM effort was imple-
mented in the watershed, report evidence on water quality and discuss the
essential features of a viable CBWM group. Throughout, we highlight the
importance of four cornerstones of research that were established at the start
of the project: (i) participation, with substantial inputs from local community
members in the design and implementation of the research; (ii) interdisciplinary
activity, with research partners representing distinct and complementary spe-
cialities; (iii) intersectoral linkages, with two or more components of society
(agriculture, education, business, government, religion, etc.) involved in the
project; and (iv) landscape scale, with research activities occurring in at least
two agroecological zones within the watershed (Foglia, 1995).

Whereas some water quality monitoring projects invest in highly quantita-
tive and expensive equipment for environmental assessment, our project
invested in enhancing local capabilities for monitoring water with relatively
simple tools. The CBWM project had much participation from the local com-
munity, with a balance of men and women attending the workshops and
becoming water monitors. Research partners included aquatic ecologists, biol-
ogists, educators and development specialists. Local groups involved in the
project included schools, provincial, municipal and village-level (barangay) gov-
ernment officials, and farmer and tribal groups. Monitoring activities have
occurred on a landscape scale and have encompassed virtually all agroecolog-
ical zones of the Manupali River watershed, ranging from areas of primary for-
est to those consisting mainly of lowland rice farms.

Methods and Approach

Prior to implementing the water quality monitoring project, an extensive com-
munity assessment, called the Participatory Landscape/Lifescape Appraisal
(PLLA), was conducted to identify research priorities in the watershed (Bellows
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et al., 1995). It was clear during the PLLA that water-related issues were at
the forefront of community concerns. These concerns included drinking water
quality, flooding and drought cycles, and a general sense of watershed degra-
dation over previous decades. During 1993 and early 1994 the CBWM proj-
ect conducted demonstrations of water testing and carried out some
preliminary assessments of streams with local farmers, educators and non-
governmental organization (NGO) representatives.

Many of the techniques and training materials for the project came from
the Alabama Water Watch programme, funded by the US Environmental
Protection Agency (EPA) and the Alabama Department of Environmental
Management to promote the development of CBWM in the south-eastern
USA (Deutsch et al., 1998). These monitoring protocols and training
resources were vital for implementing the project in the Philippines, but
needed to be significantly adapted to the local situation. Different styles and
lengths of workshops, translations of materials into local dialects and monitor-
ing new water parameters were all part of this adaptive process.

An initial water quality training workshop took place in Lantapan in July
1994. Many of the first participants were farmers who had been previously
involved with sustainable agriculture projects. Other participants were associ-
ated with previous projects of a key partner in the research, Heifer
International, Philippines (HI/P). Some trainees were members of the local
Tala-andig tribal community, the indigenous group that claims ancestral land
rights to much of the Manupali River watershed.

The training workshop lasted three days and included extensive hands-
on activities in addition to classroom training. The basic approach was to
introduce concepts of watersheds and environmental management, then
provide instruction on the use of water monitoring equipment (see Plate 5
for a photograph of Tigbantay Wahig members taking water samples).
Water quality test kits used in the project were portable and intended for
field use by non-specialists. The water chemistry test kit had been custom-
made for Alabama Water Watch, and included supplies for measuring water
temperature, pH, alkalinity, hardness, dissolved oxygen and turbidity. Test
kit results previously had been compared with those of Standard Methods
analyses and were found to be within acceptable limits of bias and precision.
As a result, the water chemistry protocols had previously received EPA
approval for use by CBWM groups in Alabama (Deutsch and Busby, 1994,
1999).

A second part of the first workshop was to conduct training in the
measurement of total suspended solids (TSS). This water quality variable
was of particular interest to both researchers and farmers because of its
obvious link to soil erosion and sedimentation. Erosion of farmland on
steep slopes and siltation of streams, irrigation canals and a local hydro-
power reservoir were commonly recognized as environmental problems
that had direct impacts on people’s lives. A research partner at nearby
Central Mindanao University oversaw the processing of filters needed to
collect the TSS samples, and submitted the data (pre- and post-weights of
filters) to HI/P for storage in a database and electronic transmission to
Auburn University (AU).
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By the end of the 3-day session we were able to certify about 15 commu-
nity members as water monitors. They then began a monthly monitoring pro-
gramme on several sites of four main rivers in the municipality, namely the
Tugasan, Maagnao, Alanib and Kulasihan rivers (Deutsch and Orprecio,
2000). The HI/P programme provided staff for technical support of the new
group which named itself the Tigbantay Wahig (literally meaning ‘water
watchers’ in the local Binukid dialect). Later, HI/P expanded its field office in
Lantapan and built a training centre to facilitate the numerous, additional
workshops that were conducted over the subsequent decade to train other
water monitoring groups.

The consistent collection of data by the Tigbantay Wahig (TW) resulted in
the first, systematic study of water quality and quantity in Lantapan (Deutsch
et al., 2001a). Project partners regularly met with the TW to discuss the mean-
ing of the data and to refine the monitoring plan. Over the following 1-3 years,
training was provided for measurement of additional water variables. These
included: (i) stream bio-monitoring using aquatic invertebrates; (ii) measurement
of Escherichia coli and other coliform bacteria in water; and (iii) estimates of
stream current, discharge and sediment vield. Monitoring of water chemistry,
TSS, bacterial concentrations and invertebrates focused on analyses of water
quality. The stream current and discharge measurements were related to water
quantity, and provided indicators of the amount and variability of stream flow.

As the technical skills of the TW grew, so did their organization and lead-
ership. HI/P provided companion workshops for developing the group, help-
ing them plan and professionalize. Examples included leadership training,
accounting and bookkeeping, and establishing a mission and goals. Because
the water monitoring activity was perceived as relevant to community service
and family health as well as being enjoyable, the TW grew in numbers and
influence. The group incorporated as a registered people’s organization in
1995, and subsequently established by-laws and held annual elections of offi-
cers (Deutsch et al., 2001b).

Results of a Comprehensive Watershed Assessment

Between 1993 and 2004 the TW group analysed thousands of water samples
for various physical, chemical and biological characteristics. The resulting data-
sets elucidate watershed trends on a landscape scale. Significant findings may
be divided into four components: (i) physico-chemical tests; (ii) TSS; (iii) bacte-
riological (E. coli) monitoring; and (iv) stream discharge and sediment yield.

Physico-chemical tests

Six physico-chemical variables were measured during a sampling session using
a portable test kit (Table 3.1). All tests were conducted streamside, and
required about 30 min to complete. Each of the six variables was measured
monthly in each of the four main rivers draining the subwatersheds (see Plate 4)
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from 1994 to 2003. This resulted in more than 2000 total measurements.
An analysis of variance (ANOVA) was used to determine statistical differences
of each variable among the four rivers. A Tukey’s studentized test (multiple com-
parison procedure) was used to indicate which streams differed significantly
(Cody and Smith, 1997).

Water temperatures throughout the Manupali River watershed ranged
from about 15°C to 35°C (Fig. 3.1). The average temperature of the Tugasan
and Maagnao rivers was about 20°C, with similar ranges. The average tem-
peratures of the Alanib and Kulasihan rivers were significantly higher than in
the western two subwatersheds by about 3°C and 5°C, respectively (Table 3.1).
The progressive warming of the rivers across the landscape was probably influ-
enced by two factors. The elevation of the four, primary sampling sites
decreased by about 1000 m from west to east, with increasing air tempera-
tures. Also, the two eastern subwatersheds were considerably less forested
and, therefore, had more direct solar radiation to the stream channels.

The average dissolved oxygen (DO) of the streams ranged 7.7-8.0 mg/I
and, in most cases, was supportive of fish and other aquatic life. A DO of at
least 5.0 mg/l is usually required to maintain a healthy fishery. There was a
slight reduction in mean oxygen levels in the eastern watersheds (Fig. 3.1),
which may have been the result of slightly higher water temperatures. The

Table 3.1. Measurements for six physico-chemical variables of the Tugasan, Maagnao, Alanib
and Kulasihan rivers, Lantapan, Bukidnon, Philippines, 1994-2002.

Tugasan Maagnao Alanib Kulasihan

Parameter Statistic (T-1) (M-2) (A-3) (K-3)
Water temperature average 20.42 20.08 22.9b 25.3°
(‘C) range (15—28) (15-30) (16-35) (19-31)

N 77 79 80 76
Dissolved oxygen average 8.0eb 8.1a 7.82b 7.7°
(mg/l) range (4.6-9.2) (6.0-9.9) (6.6-9.7)  (3.8-9.2)

N 70 75 74 64
Total alkalinity average 41.23 59.5° 56.5° 32.2¢
(mg/l) range (20-70) (25-115) (20-100)  (15-100)

N 78 81 80 75
Hardness average 36.62 55.7° 49.8°¢ 25.44
(mg/l) range (5-70) (30-100) (5-80) (5-60)

N 77 81 78 74
pH average 7.62 7.8° 7.73b 7.1¢
(SU) range (7.0-8.5) (7.0-8.50) (7.0-85)  (5.0-8.5)

N 77 77 78 75
Turbidity average 5.52 6.32 10.02 20.8P
(JTU) range (0—20) (0-40) (0-40) (5-70)

N 61 66 70 66

Note: Averages in a row with different letters are significantly different at the oc= 0.05 level.
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Fig. 3.1. Average values (bars) and ranges (lines within bars) of six physico-chemical variables
of the Tugasan, Maagnao, Alanib and Kulasihan rivers, Lantapan, Bukidnon, Philippines,
1994-2002.

solubility of oxygen in water is inversely related to temperature. Also, there are
more humans and livestock in the eastern subwatersheds and they probably
contributed more organic pollution (sewage, household waste) that would con-
sume oxygen in streams. Although the 10-year averages were similar, the DO
of the Maagnao River was significantly higher than that of the Kulasihan River
(Table 3.1).

The pH, total alkalinity and total hardness of water are interrelated vari-
ables which had a similar pattern in the watershed (Fig. 3.1). Overall, water
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quality in the four rivers may be characterized as mildly alkaline, with moder-
ate buffering capacity and hardness. Average values of the three variables
were usually significantly higher in the middle two subwatersheds (Table 3.1).
This observation is probably related to the geology and soil formation of the
region (Poudel and West, 1999), derived from a mixture of rocks of volcanic
origin (mainly basalt) and elevated seabeds (mainly limestone). Results suggest
that water quality in the Maagnao and Alanib subwatersheds is proportion-
ately more affected by limestone deposits. Limestone substrates (calcium car-
bonate) contribute both calcium (raising total hardness) and carbonates
(raising alkalinity) to a stream and the latter is associated with an elevated and
more stable pH.

Turbidity readings, measured in Jackson Turbidity Units (JTUs), sharply
increased from west to east among the four subwatersheds. The turbidity of
the Kulasihan River was significantly higher than in the other three rivers
(Table 3.1), and averaged about five times higher than in the Tugasan River
(Fig. 3.1). This indicator of water clarity is usually directly related to soil ero-
sion, especially in mountain streams such as in Lantapan. Turbidity readings
are also directly related to measurements of TSS, and the TW data substanti-
ated this relationship.

Total suspended solids

The multi-year pattern of monthly TSS measurements collected during base
flow and total monthly rainfall in the Maagnao and Kulasihan rivers may be
seen in Fig. 3.2. The average annual rainfall collected at two weather stations
in the Manupali River watershed was similar and ranged from 2245 mm in the
Kulasihan River subwatershed to 2366 mm in the Alanib River subwatershed
(Table 3.2). The amount of TSS was much higher in the Kulasihan River
than in other streams, and this supported the general observation of the

Table 3.2. Rainfall at the Alanib and Kulasihan weather stations, Lantapan, Bukidnon,
Philippines, 1994-2002.

Total annual rainfall (mm)

Year Alanib Kulasihan
1994 2076 2113
1995 3007 2991
1996 2294 2734
1997 1714 1569
1998 2010 1337
1999 2716 2566
2000 2856 2535
2001 2258 2113
Average 2366 2245
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Fig. 3.2. Monthly average total suspended solids and total monthly rainfall for the Maagnao and Kulasihan rivers, Lantapan, Bukidnon, Philippines,
1994-2002.
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community that the river was frequently ‘muddy’. Because the TSS readings
were made only once per month in base flow conditions, correlations with
rainfall were not strong. However, from 1995 to 2001, there was a significant
(P = 0.03) correlation between the total annual rainfall and average annual
TSS in the Kulasihan River and a general tendency for TSS to be less in all
streams during periods of less rainfall. During the El Nifio drought of late 1997
and early 1998, both rainfall and TSS in all streams neared zero (Fig. 3.2).
Figure 3.3 depicts two summary graphs of TSS from the four subwater-
sheds. The first was based on about 160 samples collected during the first few
months of the project. The second graph is based on nearly 1350 samples col-
lected from the same streams over a 9-year period. The two graphs tell essen-
tially the same story. The amount of TSS, as an indication of soil in run-off
water to streams, progressively increased moving west to east across the four
subwatersheds. The two western subwatersheds had considerably more
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Fig. 3.3. Average concentration of total suspended solids (bars) and ranges (lines within bars) in the
Tugasan, Maagnao, Alanib and Kulasihan rivers, Lantapan, Bukidnon, Philippines, 1994-1995 and
1994-2002.
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forest cover and lower human population density than the two eastern subwa-
tersheds (Bin, 1994; Paunlagui and Suminguit, 2001). Results reveal that soil
erosion from areas including agricultural land, clear cuts, construction sites and
stream banks was greater in the more developed portions of the Manupali
River watershed (Deutsch et al., 2001a).

Perhaps equally importantly, the TSS results demonstrated that a com-
munity group was motivated to systematically monitor and obtain such valu-
able information, conducting most field sampling without outside intervention.
The environmental gradient of TSS, generally described by the TW in the first
few months of sampling, also suggested that broad-based environmental
assessments may be done by community groups in a cost-effective way over a
relatively short period.

More subtle changes of TSS within the subwatersheds were quantified by
continued monitoring over several years. Although there were no significant
differences in the average annual TSS of the Tugasan, Maagnao and Alanib
rivers from 1994 to 2003, concentrations of TSS in the Kulasihan River sig-
nificantly (P = 0.05) declined (Fig. 3.4).

The apparent decrease of TSS in the Kulasihan River may have resulted
from several factors. One contributing factor was the series of droughts that
occurred in 1997/1998 and 2000/2001. These dramatically reduced rain-
fall, erosion and stream flow in the Kulasihan. A second factor may be local
ordinances enacted in 2000 by the Municipality of Lantapan that aimed to
create a larger buffer zone along the banks of the river. Such buffers filter
and settle sediments before they enter streams. A third factor was the
Kulasihan River Restoration Project, which was initiated by the municipality
and the TW in 2002 to plant hundreds of giant bamboo to reduce bank ero-
sion and improve the stream-side buffer. A final mitigating factor may have
been the natural and human-induced re-vegetation of cleared forest and agri-
cultural land that could have decreased erosion rates in the Kulasihan River
subwatershed.

The base flow TSS measurements established a relative comparison of
conditions and trends among the four subwatersheds. To expand the under-
standing of erosion and stream sedimentation, TSS was monitored during
several rainfall events. During these periods, TSS concentrations were 7 to 36
times higher than in base flow conditions (Table 3.3).

Bacteriological (E. coli ) monitoring

The primary bacteriological data collected during the project have been pre-
sented in Deutsch et al. (2000; 2001a). Four extensive surveys in 1995/1996
(about 150 samples per survey) revealed a pattern of degradation in surface
water, from west to east, that was similar to that observed for TSS (Figs 3.5
and 3.6). The municipal drinking water is primarily distributed by gravity
through pipes from mountain springs, and monitoring of water at community
taps revealed a general pattern of increased bacterial contamination related to
distance from spring source. This was probably because of deterioration of the
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Table 3.3. Total suspended solids (mg/l) in the Tugasan, Maagnao, Alanib and Kulasihan rivers,
Lantapan, Bukidnon, Philippines, 1994-2002.

Regular sampling Rain event sampling
Stream N Min  Max Average N Min Max  Average
Tugasan (T-1) 345 0.1 57 5 369 0.9 1652 106
Maagnao (M-2) 355 0.2 45 6 402 0.3 1088 85
Alanib (A-3) 373 0.2 47 9 435 0.9 17,540 323
Kulasihan (K-3) 297 0.3 392 28 326 0.6 3400 208

Note: Average concentration of total suspended solids, measured at base flow and during rainfall events.

piping system and increased likelihood of bacteria entering the system through
breaks in pipes, then moving downstream. Partly as a result of these surveys,
the Municipality of Lantapan secured national government grants to refurbish
the piped drinking water system of the municipality.

Stream discharge and sediment yield

Dramatic differences in stream discharge patterns were found between the
Maagnao and Kulasihan rivers, based on five years of monthly monitoring
(Fig. 3.7). The Maagnao River had relatively stable flow, even during severe
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Fig. 3.5. Average concentration of Escherichia coli bacteria in four surveys of the Tugasan,
Maagnao, Alanib and Kulasihan rivers, Lantapan, Bukidnon, Philippines, 1995-1996 (Deutsch
etal., 2001a).
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droughts, ranging about 1-3 m3/s. In contrast, the Kulasihan River was very
unstable in its discharge, ranging 0-10 m?3/s. The discharge of the Kulasihan
River was largely influenced by rainfall events. The TW data revealed that the
Kulasihan River, though rural, responded to rainfall much like an urban,
‘flashy’ stream. This was probably because the subwatershed is mostly cleared
of forests and has relatively little infiltration of rainfall to ground water.

Stream discharge data were used with concurrently measured TSS data
to make sediment yield estimates. This variable is the estimated dry weight
of suspended solids (primarily eroded soils) flowing past a given stream site
per unit time. As expected, the Kulasihan River had more sediment yield
than more forested subwatersheds to the west, and periods of high sediment
vield were generally associated with high stream discharge. Sediment yield
was 1400-3400 kg/h on four occasions between 1997 and 1999 on the
Kulasihan River, but never exceeded 400 kg/h on the Maagnao River during
this same period (Fig. 3.8).

Stream discharge estimates were also converted to specific discharge (m3
of water/s/ha of watershed), based on subwatershed area upstream of the
sampling site. Data indicated that the specific discharge was considerably
higher in the relatively smaller Maagnao River subwatershed (about 5000 ha)
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Fig. 3.7. Stream discharge of the Kulasihan and Maagnao rivers, with total monthly rainfall,
Lantapan, Bukidnon, Philippines, 1997-2001.

than in the Kulasihan River subwatershed (about 10,000 ha). The relatively
low specific discharge of the Kulasihan River can potentially be traced to three
factors: (i) upstream water withdrawals for irrigation or municipal drinking
water; (ii) unaccounted-for, subterranean flows of water; and (iii) the relatively
infrequent (once per month) sampling of stream discharge by the TW. The lat-
ter explanation is probably the main reason why specific discharge calculations
for the Kulasihan River were so low. With a monthly sample, there would be
a much higher probability of measuring a representative discharge in the more
stable Maagnao River than there would be in the highly variable flow of the
Kulasihan River.

A complete understanding of stream discharge patterns requires sophisti-
cated and expensive equipment to obtain instantaneous stream flow or depth
measurements. An attempt to describe the flow of the rivers of Lantapan more
quantitatively was made using existing data of soils, land slope and cover, rain-
fall patterns and the WEPP Model (see Chapter 7). The model used is accepted
as state-of-the art for streams, but requires large amounts of various data to be
run with minimal assumptions. In the case of Lantapan streams, instantaneous
stream flow measurements were unavailable, and the model was, therefore,
run making several assumptions. Results differed greatly from the estimated
hydrographs of the TW monitoring group (Fig. 3.7). In particular, the maxi-
mum discharge of the Maagnao River was predicted to be much greater than
the observed values of the TW, based on once per month sampling. It is
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still undetermined which method is the more accurate, though both clearly have
advantages and limitations.

Summary of key findings of the watershed assessment

As the data set on water quality measurements expanded, the TW and other
community members came to be able to consider conditions and trends in
water quality in Lantapan and to begin to understand complex watershed
processes. The water monitors now had locally generated information to doc-
ument several factors which affected water quality and quantity. These
included:

1. Seasonal fluctuations in water quality and quantity — some variables were
influenced by seasonal temperature changes and TSS concentrations were
considerably higher in the rainy season than in the dry season.

2. Trends and inter-year variations in water quality and quantity — data from a
given site over several years facilitated trend analyses to answer the basic ques-
tion, ‘Is the stream getting better or worse?’
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3. Upstream/downstream differences in water quality and quantity — monitoring
a longitudinal gradient identified ‘hotspots,” or critical areas of a stream where
water quality degraded because of local pollution or changes in water flow.

4. Inter-watershed differences in water quality and quantity — there were dis-
tinct differences among the four, contiguous watersheds that related, in part,
to elevation, geological differences and land use.

5. The role of climatic events in influencing water quality and quantity — sev-
eral years of stream discharge measurements documented two El Nifio events
which had dramatically different effects on subwatersheds relative to land cover.
6. The role of human land use in determining water quality and quantity — the
way in which the land in various subwatersheds was used had a clear effect on
water quality and quantity. Good water quality was generally correlated with low
human population, high percentage of forest cover and relatively little agriculture.

It is important to note that many of these factors work in combination and lead
to the possibility that erosion ‘hotspots’ may exist in both space and time. In
Chapter 8, Paningbatan undertakes a more formal analysis of what might con-
stitute erosion ‘hotspots’ in the Manupali River watershed.

Discussion of Process Issues

The comprehensiveness and quality of the information collected by non-spe-
cialists attracted the attention of local residents, development specialists and
policymakers. The reputation of the TW enabled them to initiate various action
strategies to disseminate their watershed information and effect positive
change. Human response to the water quality data was a major consequence
of the data collection effort. Four basic responses and strategies to address

water quality issues were implemented in the watershed. These are briefly
highlighted below.

Environmental education

The TW began to educate teachers and students about the conditions of
streams in Lantapan. Some teachers became certified water monitors and
brought their students to workshops and field sessions. An environmental pen
pal programme was initiated, wherein classrooms in the Philippines and the
USA were partnered for student correspondence about water and the envi-
ronment. These and other environmental education activities were endorsed
by the Philippine Department of Education, Culture and Sports, for expansion
and replication.

Stream protection and restoration

After the TW data documented the environmental degradation of subwater-
sheds in Lantapan, the Municipal Council established a Watershed Council to
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protect clean water and attempt to correct known problems. A large sign
was posted at the bridge crossing of the Tugasan River, indicating that it was
one of the cleanest rivers in Region X of the Philippines. The TW and HI/P
were appointed by the council to oversee the planting of hundreds of giant
bamboo seedlings on the eroded banks of the Kulasihan River.

Advocacy and policy

The TW have consistently provided community feedback of their data and
expressed their positions regarding better water policy. Numerous municipal
and barangay meetings have been attended by the TW to promote their views
of clean water. Representatives of the group addressed the Philippine
Congress and the TW has become a model of community participation for
addressing watershed issues. The approach and results of the CBWM work
plan has been developed into policy briefs for presentation to policymakers at
the federal level. These briefs may be instrumental in drafting the citizen par-
ticipation portions of the Clean Water Act of the Philippines (Rola, 2004).

Dissemination of information and the CBWM approach

The TW group has grown in numbers and has inspired the formation of new
groups. Through networks of HI/P and other NGOs, numerous study tours
have brought interested people to Lantapan to see various demonstrations of
TW sampling techniques and group operation. Active water monitoring
groups have now become established in three provinces of Mindanao
(Bukidnon, Sarangani and Baungon) and in several municipalities of the island
province of Bohol.

Conclusions and Directions for Future Work

Owerall, the investment in CBWM has resulted in community group formation,
customized, water monitoring techniques, training materials and workshops,
credible, long-term data sets that describe watershed trends and a variety of
successful action strategies. Several factors have contributed to the develop-
ment of CBWM in the Manupali River watershed. These same factors are at
play to varying degrees in other locations in the Philippines and elsewhere.
Among the most important factors is the continued decentralization of author-
ity in natural resources management. This is part of a worldwide trend wherein
responsibilities and funding for protecting the environment are being trans-
ferred from national to regional and local levels in many countries.
Accompanying this process is the increased receptivity to the concept of
community-based environmental assessment and management.

Another positive contributor to the success of CBWM is the growing
awareness that many people have of the environmental movement. Whether
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by formal educational programmes, popular media or personal experience of
environmental problems, most people realize the importance of protecting
forests, water and other resources. Water issues have been primary in recent
international and regional conferences and in meetings of world leaders. The
lack of good quality water in adequate quantity limits development and quality
of life for millions. Governments are realizing that regulations alone are inad-
equate to solve water problems, and local efforts to address water issues are
increasingly recognized as a vital part of the solution. An important conse-
quence of the CBWM effort in the Manupali River watershed is that local
groups are in a position to contribute to ongoing debates regarding protection
of water resources.

After a decade of CBWM project development, there are several questions
to face when forming a vision for the future. Some of the primary questions
are: (i) What are the necessary organizational and technical characteristics of a
water monitoring group to ensure it remains viable over time? (ii) How does a
group become locally or regionally institutionalized? (iiij How can CBWM
groups better contribute to natural resource management and improve a com-
munity’s quality of life? and (iv) What is the best type of regional, national or
international CBWM programme to foster the creation, development and net-
working of groups?

The Manupali experience suggests that in order to become and remain
effective, a local group must have the technical skills to maintain a reputation
for collecting quality data. This not only includes the ability of existing moni-
tors to follow protocols and maintain testing equipment, but must also include
an adequate number of certified, local trainers to conduct future workshops.
Training-of-trainer workshops have been conducted over the last few years in
the Philippines, and there are now about 15 certified CBWM trainers coun-
trywide. These trainers receive support from the NGO partner, HI/P, and
training workshops are primarily conducted with HI/P staff. This arrangement
provides for systematic encouragement and refinement of training skills under
the supervision of professionals, and exposes new monitors to veteran moni-
tor-trainers from their community. Workshops and informal interactions
among trainers and trainees may thus be conducted in local dialects for clearer
communication of principles and techniques.

Another component that contributes to the effectiveness and longevity
of a CBWM group is the establishment and maintenance of links to govern-
ment and the business community. Endorsement of group activities and
recognition of the value of the data by governmental agencies greatly facili-
tates the establishment of the activity and the use of the information. This
partnership will affect the type, amount and location of water data collected.
The information will then be of maximum benefit to local policymakers and
future monitoring can adjust to goals and standards of environmental pro-
tection. In the case of the Manupali River watershed, the municipal govern-
ment of Lantapan has demonstrated its willingness to use the TW data and
allow TW members to participate in Natural Resource and Watershed
Councils. The municipal government of Maitum, Sarangani, has provided
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training opportunities for members of its staff and has financially supported
the monitoring activities of the CBWM group there, called the Munong El.
At the federal level, representatives of the Environmental Management Bureau
of the Department of Environment and Natural Resources have expressed
interest in the CBWM model of Lantapan for possible replication throughout
the country.

Finally, links to business and industry are valuable for a CBWM group
because agricultural production practices have potentially negative environ-
mental impacts and a CBWM group provides a method for facilitating feed-
back and exchange between a community and business interests. In the case
of Lantapan, a local banana plantation, Mount Kitanglad Agro-Ventures, Inc.
(MKAVI), has interacted with the TW regarding water withdrawals from the
Maagnao River and pollution from plantation effluents. The company has
since requested stream discharge data from the TW as an input to its planta-
tion management plan, and has agreed to finance testing equipment for the
group.

The above examples begin to describe a sustainable group that remains
technically sound, organized and relevant. Such a group develops partner-
ships and gradually becomes a local institution with a growing sense of
mission and political voice. But virtually all CBWM groups need the under-
pinning of a support network and a larger programme. Accessing neces-
sary equipment, managing data and providing the training in existing and
new parameters is typically beyond the scope of a local group. A sustain-
able CBWM programme, which accommodates the diverse needs of several
groups, requires strong partnerships and institutional support. Building
such a programme has challenges because required activities often do not
coincide with traditional programmes of universities or development organ-
izations.

In summary, because data collection and management is an essential part
of a successful CBWM programme, information about water monitors, groups,
watersheds, sites and water data must be organized for analyses and dissemi-
nation in appropriate forms. Support for database development and mainte-
nance must typically be provided by an outside organization. Efforts to provide
the technical infrastructure for water monitoring and reporting are currently
being spearheaded by the International Center for Aquaculture and Aquatic
Environments of Auburn University. The Center is planning for increased
interdisciplinary approaches to addressing aquatic resource management, and
a worldwide network of CBWM groups, called Global Water Watch (GWW), is
being formed. The aim is to provide a way for local CBWM groups to enter
water monitoring data in the GWW database, via the website established at
www.globalwaterwatch.org. Monitoring groups, policymakers, educators and
the general public will then be able to access the information in summarized
forms. There are several options for graphing, mapping and statistical analy-
ses that are adapted to group needs. As new groups voluntarily become a part
of GWW, and additional funding is secured, the database and website will be
improved and expanded.


www.globalwaterwatch.org
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Introduction

Poor farmers in developing countries are the primary managers of an
increasingly scarce natural resource, productive agricultural land. Their deci-
sions, while they may be privately optimal, often conflict with social goals of
resource conservation. This is clearly true when farmers intensify production
on soils that are easily eroded, and when agricultural expansion takes place
through the conversion of forests and other permanent cover to seasonal
crops.

The empirical literature on tropical deforestation and land degradation is
rich with studies of resource use by households whose actions are con-
strained by poverty, market failures and risk aversion (e.g. Southgate, 1988;
Anderson and Thampapillai, 1990; Shively, 1997). The literature typically
locates such immediate motivational factors within a broader context of
absence or non-enforcement of property rights (resulting in open-access for-
est lands and tenure insecurity on farmed lands), and population pressure.
These are identified as providing the enabling environment for forest clearing
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and unsustainable patterns of agricultural land use by upland farmers
(Pingali, 1997; Rola and Coxhead, Chapter 2, this volume). There are also
a number of analytical models exploring the influence of broader economic
forces like price policies and wage trends on elements of the upland agricul-
tural decision set, such as soil conservation (Barbier, 1990; Barrett, 1991)
and deforestation (Angelsen, 1999). At the broadest level are general equi-
librium papers in which intersectoral linkages, through factor markets, prod-
uct markets and trade, are seen to influence upland decisions (Lopez and
Niklitschek, 1991; Coxhead and Jayasuriya, 2003; Coxhead and Shively,
Chapter 6, this volume).

Looking across all the types of models one finds a wide array of assump-
tions about the economic links between upland economies and the national
economies in which they are located (Angelsen, 1999, in particular, explores
many variations). The choice of market assumptions conditions the behaviour
of a model and thus the policy conclusions that are drawn from it. As an exam-
ple, general equilibrium approaches to deforestation, by allowing for intersec-
toral labour mobility, convey the idea that upland population ‘pressure’ is
a response to economic incentives, rather than an exogenous determinant of
actions as in some of the other models.

Similarly, the assumptions commonly made about product markets vary
greatly. Given the importance of a correct specification of market structure
and pricing, there are surprisingly few studies that bring empirical evidence
to bear on the market and policy aspects of upland agricultural resource
use decisions. The goal of this chapter is to encourage a move in that direc-
tion, as a complement to the existing body of household-level analyses and
land use response studies (such as Coxhead and Demeke, Chapter 5, this
volume).

It is our thesis that the design of upland projects directed at influencing
smallholders’ land conversion and land use decisions in the direction of
‘sustainability’ could be greatly improved by better integrating information
on market- and sector-level incentives with information on household-level
decisions and constraints. Perhaps because of a lack of data and empirical
analysis, project solutions to deforestation and agricultural land degradation
in developing countries focus mainly on direct interventions through tech-
nology transfer, institutional innovations and other household-level actions.
The role of policy (and especially its less direct manifestations through
intersectoral product and factor markets), is generally given little empha-
sis.] The obverse of this problem is a general neglect at the policy level of
the intersectoral and environmental impacts of trade and agricultural pric-
ing policies.2 Both forms of myopia may have restricted the domain of pos-
sible project solutions to upland environmental problems, and indeed may
have increased the probability that projects will fail because of conflicting
messages contained in the direct and intersectoral signals from economic
policies.

To illustrate this point, consider an upland economy producing two goods,
one via a land-intensive technology and the other via a labour-intensive tech-
nology.3 Define the relative price of the latter to the former as P, and price of
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a single lowland good (relative to the upland land-intensive good) by Q. There
are thus three product markets: two for upland goods and one for an aggre-
gate lowland good. Assume that upland production uses land and labour, and
that in order to be brought into production, land must first be cleared of for-
est, an activity that uses labour. Profit-maximizing upland producers will thus
allocate labour to forest clearing and farming, and to one crop or the other, in
response to P, If there are links to the lowland economy, then Q will also play
a role in these decisions.

Suppose first that all three goods are freely traded with the rest of the
world at given world prices, and that the world price of Q increases. Whether
this change has any effect in uplands, and if so in what manner, will depend
on interregional labour markets. If labour is immobile between regions, the
increase in Q will have no effect. If it is mobile, the increase will raise labour
productivity in lowlands relative to uplands and induce migration out of the
uplands. Since labour is needed for forest clearing as well as farming, defor-
estation must decline. However, now suppose that the labour-intensive good
in uplands is not traded, so its price depends on domestic demand and supply;
thus P = P(Q). Now an increase in Q will have different effects on uplands
depending on whether the goods are substitutes in consumption as well as
supply side factors and income effects.

Similarly, imagine that Q is constant but that more productive new tech-
nologies are adopted by producers of one upland crop. If products are freely
traded at world prices, upland labour productivity will rise and both the share
of land and the total area planted to the crop experiencing technical progress
will increase; deforestation will rise in this case. On the other hand, if
demand for the crop is downward-sloping (whether due to local or national
non-tradability), then technical progress will alter P and the total area of
upland, as well as the share planted to the labour-intensive crop, could rise
or fall.

These simple illustrations highlight the sensitivity of deforestation and
upland land use outcomes to the conditions of agricultural markets. Under one
set of assumptions, technical progress in an upland crop is predicted to increase
deforestation; under another, deforestation could fall. Conversely, a national
policy innovation that alters P or Q (or both) has the potential to induce changes
in deforestation and land use even when the policy measure is not directly
related to agriculture. This is so even when all goods’ prices are exogenous, if
labour is mobile between regions. Lastly, when upland farmers are risk-averse,
the entire argument can be restated (with modifications as appropriate) using
price variances as well as levels.

In the rest of the chapter we focus on a Philippine case study. We first pro-
vide a brief survey of major macroeconomic and policy trends and their possi-
ble effects on upland resource use decisions. While we have information about
macroeconomic and economy-wide phenomena, and about upland farmers’
decision making processes, we know little about the nature and strength of
market links between the two. We then use econometric analysis to examine
linkages between national and farm-gate prices on the basis of recent data
from the Manupali River watershed.
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Growth, Policies and Upland Resource Use in the Philippines

After a long period of stagnation, the pace of aggregate economic growth in
the Philippines accelerated in the 1990s. However, the degree of dependence
on agriculture and natural resources remains high by South-east Asian regional
standards. This is a function of earlier decades of slow growth and rapid pop-
ulation increase, which maintained a high level of dependence on agriculture.
It can thus be argued that the persistence of pressure on forest and upland
agricultural land resources is in part a consequence of poor macroeconomic
performance.*

In the early post-war years migration to heavily forested frontier areas in
the Philippines was officially encouraged as a means of alleviating economic
and political pressures generated by increasing population and stagnating tech-
nology in the country’s rice-growing heartlands (Rola and Coxhead, Chapter
2, this volume). In subsequent decades, continued spontaneous internal migra-
tion has been fostered by low rates of non-agricultural labour absorption, as
well as a series of labour-saving technical changes in lowland irrigated agricul-
ture (Jayasuriya and Shand, 1986), in the face of sustained high rates of over-
all labour force growth. The resulting increases in landlessness and
unemployment stimulated searches for open-access resources from which
incomes, however tenuous, could be earned. The outcome was a trebling of
upland population between 1950 and 1985, from 5.8 million to 17.5 million,
and annual growth rates of upland cropped area of greater than 7% over the
same period (Cruz et al., 1992). The evidence that macroeconomic instability
and growth (or the lack of it) in non-agricultural sectors were major forces driv-
ing migration and upland land use decisions is compelling, if circumstantial
(Cruz and Repetto, 1992).

There is a strong suggestion that microeconomic and trade policies also
promoted forest conversion and intensification in upland agriculture. In com-
mercially oriented upland agriculture — or even simply where labour is mobile
into or out of upland areas — agricultural price policy can exert a significant,
though not immediately observable, influence on natural resource manage-
ment. In the Philippines there is evidence of a pervasive policy bias in favour
of crops — such as maize and temperate vegetables — whose cultivation is most
strongly associated with upland agricultural land degradation, soil erosion and
related water pollution. This commodity bias emanates mainly from national-
level economic policies, some of them unrelated to agriculture; it has been
complemented in the past by the allocation of agricultural research resources;
and it appears not to have been offset by economic policy measures in favour
of more environmentally friendly cultivation techniques.

Throughout the post-war era successive Philippine governments have pur-
sued self-sufficiency in grains, along with cheap consumer cereals prices, as
key components of food security and income redistribution strategies.
Philippine cereal yields are low by Asian standards, and with relatively little
spending on agricultural infrastructure and technology, yields have not risen as
quickly as in comparable countries. Consequently, grain output growth in
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uplands has been due primarily to area expansion. Given the political impor-
tance of self-sufficiency, grain imports are tightly circumscribed, and this in
turn has maintained domestic producer prices at levels well above the domes-
tic-currency equivalents of world prices.®

Vegetable production has also received substantial policy support. Import
bans imposed in 1950 on fresh potato, cabbage and other horticultural crops
(and reiterated in legislation as recently as 1993) were repealed and replaced
by tariffs only in 1996 (see below). Demand for these foods grows with per
capita income and urbanization. Since supply growth is limited by trade restric-
tions and climatic constraints, their prices have tended to rise more rapidly
than the general price level, and certainly more rapidly than prices of most
exportable crops and staple grains. For potato, the ban raises Philippine farm
gate prices to nearly double the imputed c.if. (landed) wholesale price of
imports, if they were permitted (Coxhead, 1997).

The Agricultural Tariffication Act of 1996 brought Philippine agricultural
policy into compliance with the Uruguay Round of the GATT. Quantitative
import restrictions on maize and vegetables were replaced by tariffs, and min-
imum access volumes (MAVs) were specified for each product. (Under WTO
rules, the MAV is the volume of a product that is allowed to be imported at a
lower rate of duty than the maximum bound rate.) For the period to 2004, in-
quota maize tariffs (those applying to MAV imports, which themselves cover
roughly 50% of annual imports) remain at 35%. Out-quota tariff rates for
maize, set at 100% in 1996 have fallen little in subsequent years (similar
changes apply to vegetables). These reforms, although they constitute impor-
tant steps in the direction of more open trade, ensure that upland farmers will
continue to benefit from protection at significantly higher rates than most
other sectors for the foreseeable future.

Trade and price policy biases are also reflected in the allocation of agri-
cultural research funds. Most important among these for uplands are maize
programmes. A number of provinces (including Bukidnon, from which our pri-
mary data are drawn) were designated as ‘key production areas (KPAs)’ for
maize in the Philippine government’s Grain Production Enhancement
Program (GPEP). Farmers in KPA areas are eligible for subsidies and supports
directed at increasing maize production, and are the first beneficiaries of
research and development directed at increasing maize yields (Philippine
Department of Agriculture, 1994). Similarly, temperate climate vegetable
crops are also the targets of disproportionate research resource allocations
(Coxhead, 1997).

This brief review of Philippine growth strategy and policies has indicated a
number of channels through which decisions concerning use of upland forest
and farmland are likely to be influenced. In the longer term, a successful devel-
opment strategy would have raised lowland and non-farm labour productivity
faster than in uplands and diminished the economy’s susceptibility to destabiliz-
ing macroeconomic shocks; all these should have reduced net migration to
uplands and by extension, reduced pressures on forest and land resources. Trade
policy liberalization would in general have promoted growth of export-oriented
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non-agricultural sectors and might have preserved the profitability of some
upland perennial export crops, such as coffee, relative to annual crops, and this
in turn might have caused some redirection of input subsidy schemes and R&D
resources away from import-competing crops and towards more promising sec-
tors. Moreover, this review makes it clear that there are many potential policy
changes at the macroeconomic level or in trade and agriculture sector policy that
could affect upland resource allocation. On the basis of this evidence any proj-
ect directed at influencing upland resource allocation towards a ‘sustainable’ path
should at least be cognizant of this broader setting, if not actively involved in try-
ing to alter it.

The evidence we have reviewed, however, is strictly circumstantial.
Questions remain as to the strength and nature of linkages between uplands
and the national economy, and it is in this field of inquiry, as previously noted,
that specific data and evidence are lacking. The gap creates room for com-
peting hypotheses about the upland economy, and these in turn imply differ-
ent diagnoses of upland environmental problems and their solutions. In the
next part of the chapter we describe the site from which primary data have
been drawn in an attempt to fill this gap.

The study site

The research site is in Lantapan municipality, Bukidnon province, the geogra-
phy of which was described in Chapter 1. Most households in Lantapan are
poor by Philippine standards, and rainfed agriculture dominates the local econ-
omy. Low-lying flatlands are devoted to rice and sugarcane and maize—sugar-
cane systems dominate rolling mid-altitude areas. At higher elevations maize is
the predominant crop, planted alongside coffee and temperate-climate crops
— beans, tomatoes, cabbages and potatoes. The latter two crops require cool
nighttime temperatures and so are generally grown above 1000 m in fields
adjacent to and even within the boundary of Mt Kitanglad Range Nature Park,
which forms the northern boundary of the municipality.

In both spontaneous migration and official programmes since the 1950s,
Bukidnon was a major destination, and watersheds like the Upper Manupali
were choice locations. Population growth rates peaked at 10% per year in the
1950s, with most of the increase due to in-migration from economically
depressed areas of the central and northern Philippines (NSO, 1990). In the
decade from 1970 Lantapan’s population increased at an average annual rate
of 4.6% (NSO, 1990). Since 1980 the annual population growth rate has
averaged 4%, far higher than the Philippine average of 2.4%.

Commercial agriculture has expanded along with population. Internal
migrants introduced commercial cultivation of potato, cabbage and other veg-
etables in the 1950s. More recently infrastructural improvements, coupled with
increasing demand for vegetables and feed (yellow) maize, have ensured that
commercial agriculture in the province continues to adapt and thrive. Maize and
vegetable production have flourished; falling transport costs have helped these
become primarily commercial crops, exported to the national economy where
formerly they had been little traded outside the province.
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Is there an environmental problem?

In Lantapan, agricultural expansion has occurred substantially at the expense
of perennial crops, including forest (see Table 1.2). Other things being equal,
the replacement of perennial land uses with short-season and annual crops on
sloping lands is associated with rapid increases in soil erosion and land degra-
dation. Field measurements and experiments with the cultivation of maize and
vegetables under a range of management regimes in Lantapan confirm rapid
erosion and soil nutrient and organic matter depletion (Midmore et al., 1997).
In spite of these negative effects of the spread of annual crops, few farmers
display deep knowledge of soil degradation relationships (Midmore et al.,
1997). Land fallowing and crop rotation is rare and usually undertaken only
when vields decline to the point of economic losses in the current season.
Although soil erosion and land degradation problems appear to be widespread,
few farmers report significant investments in soil-conserving structures or tech-
nologies. Failure to adopt soil conservation measures is correlated with tenure
insecurity; fields held in private title are more likely to be fallowed regularly, to
have tree crops, and to have perennial grasses planted on boundaries than are
fields operated by tenants. Farmers are more likely to practice contour plough-
ing on owned than on rented land (Coxhead, 1995; Midmore et al., 1997).

In upland watersheds, agricultural intensification without adequate soil
management has deleterious effects on-site and off-site. Intensive cultivation of
annual crops in general, and the increased use of fertilizer, pesticides and other
chemicals on vegetable crops in particular, are likely to degrade water quality
and may create health problems for farm families and those living down-
stream. Lantapan-based water quality monitoring reveals both qualitative and
quantitative evidence of such problems. Perceptions of pesticide residues have
made some residents reluctant to water animals in streams during or after
heavy rain. Measures of total suspended solids (TSS) across subwatersheds are
considerably higher where agricultural cultivation is more widespread, in spite
of lower average slope, and seasonal TSS peaks coincide with months of
intensive land preparation activity. Many of the more noticeable changes in
water quality and seasonal flows have occurred ‘well within human memory’
(Deutsch et al., 1998, p.12).

Finally, the unchecked expansion of agriculture into the national park
poses a potential threat to the biological integrity of the remaining forest. In
the early post-war years forest encroachment was driven mainly by commer-
cial logging, but in the past two decades the expansion of small maize and veg-
etable farms has been the primary impetus, with decisive contributions from
road development and the lack of established property rights in land (Cairns,
1995). Concerns arising from forest removal and degradation include such
specific phenomena as loss of watershed function (especially with clearing in
the headwaters of creeks), changes in the quantity and seasonal distribution of
water flow in springs and rivers, loss of wildlife habitat, and reduced availabil-
ity of forest-based foods and raw materials — as well as more general, and less
easily quantified, phenomena such as biodiversity loss.
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In summary, evidence on environmental problems in the watershed pro-
vides emphatic support for two arguments. First, the natural resource base of
the watershed is undergoing degradation of a nature and at a rate without
modern precedent. Second, much if not most of the degradation can be attrib-
uted directly or indirectly to the spread of intensive agricultural systems based
on maize and vegetables. In this setting, the designers of forest conservation
and sustainable agriculture projects debate both the root causes of deforesta-
tion and land degradation, and the means by which they should be addressed.

Analysis of Markets, Prices and Land Use Decisions

Our research focuses on factors influencing land use in the middle and upper-
watershed areas, on relatively steep and easily eroded valley sides and at the
forest margin. The major crops grown are maize (both for feed and for human
consumption) and vegetables — especially cabbage, beans and potato. In the
analysis that follows we concentrate on maize, as by far the most important
crop, in terms both of land use and of net farm incomes, within the study site.
Nationally, too, the area planted to maize is second only to rice, and maize
accounts for by far the greatest part of upland agricultural land use.

An initial survey of the Lantapan site had characterized agriculture in the
upper watershed as ‘subsistence’ or ‘semi-subsistence’ (Bellows, 1993). However,
our data reveal clear commercial motivations for almost all farmers.® More than
50% of maize production is destined for market, and vegetable crops such as cab-
bage, potato and beans strictly for sale, with home consumption accounting for
less than 10% of production in each case (Coxhead, 1995).

Econometric analysis of land use decisions by upland farmers in this and
in comparable Philippine locations indicates that their land allocations respond
to relative prices, and to price variability, in statistically significant ways
(Shively, 1998; Coxhead et al., 2002; Coxhead and Demeke, Chapter 5, this
volume). A question remains as to the relative importance of markets, as well
as of national policies operating through them, as conditioning influences over
farmers’ decisions. If farm gate prices or their variability are important deter-
minants of land use decisions, what are the determinants of farm gate prices?

Market integration and price causation

As argued earlier, understanding the nature of market links between uplands
and the rest of the economy is critical to the efficiency of project and policy
design. If markets within the study site were isolated from or only weakly asso-
ciated with regional markets (the ‘semi-subsistence’ hypothesis), we would
expect to see seasonal or even longer-term divergence between trends in local
and regional prices. Further, we would be unable to see evidence that local
prices are driven by national prices.

The tests of market integration and the direction of causation are impor-
tant for both economic and environmental reasons. Under current production
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technologies maize, potato, cabbage and other intensive crops in Lantapan
generate annual erosion and soil nutrient losses far in excess of natural regen-
eration rates. Remoteness and poor quality of infrastructure are frequently
taken to indicate that market links to the rest of the economy are tenuous at
best. This, if true, would have two important implications for policy and proj-
ect design. It would mean that agricultural prices and trade policies — standard
instruments for influencing agricultural resource allocation in lowlands — could
be expected to have little or no effect in uplands. By extension, the most effec-
tive instruments for promoting sustainable agriculture in uplands would be
interventions such as technology transfer, extension and education.

Alternatively, if markets are integrated but farm-gate prices are most signif-
icantly influenced by local production, then supply and price in upland agricul-
ture will tend to move in opposite directions. If an increase in local supply drives
down prices, then the profit-maximizing level of local output will be lower than
if prices had not been affected. In this case the price-reducing effects of local
adoption of supply-increasing innovations such as new technologies or more
efficient management practices might be expected to act as a ‘natural brake’ on
the expansion of agriculture at the forest margin. However, these effects (even
if they were observed) are likely to obtain only in the short run, since integration
with the larger market will probably neutralize local effects in the longer run.

Unfortunately, there is no widely accepted statistical test of market inte-
gration, only tests of relationships between prices that (if confirmed) can be
said to be consistent with integration. Theory tells us that if two markets
are linked through trade, then under normal circumstances, differences in
prices net of margins between the two markets create opportunities for arbi-
trage. Goods will flow between the two markets — trade will occur — until the
price difference is eliminated. Statistically, if the prices in the tested markets
are non-stationary (i.e. that they are trending over time rather than merely
following a random walk) then the markets are integrated if their price series
are cointegrated, meaning that there is a (single) stationary long-term relation-
ship between them.

We investigated the time series properties of the price data on yellow
maize, white maize, potatoes and cabbage in Lantapan and the main regional
wholesale market and in each case found the series to be stationary.”
Therefore, we cannot conduct a statistical test of long-term market integration.
However, our observation confirms that trade between farms and the whole-
sale market is regular, seasonally consistent, and consists of high volumes; a
statistical finding of no integration would be a very great surprise. Studies using
aggregate data have indicated clearly that Philippine grain markets are inte-
grated across regions and provinces (Silvapulle and Jayasuriya, 1994;
Mendoza and Rosegrant, 1995).

Examining the short-run dynamics of the price series permits tests of the
hypotheses that upland farmers are price-takers and that national market and
policy signals affect local prices. Our econometric method proceeds as follows.
We fit the data to a set of regression equations, each of which has the price of
a crop in one market as the dependent variable, and its own lagged values, as
well as the current and lagged values of the prices of the same crop in other
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markets, as explanatory variables. Hypothesis tests on the coefficient estimates
of these equations provide information about the direction of causation. As an
example, for two markets A and B, when a price change in market A is shown
to precede price changes in market B, we describe the price in A as ‘Granger-
causing’ that in B. In our study, confirmation that the local price Granger-
causes the regional price would provide support for the ‘natural brake’ idea
referred to above, that expanded production of a crop within the watershed
will cause its price to fall, at least in the short run. Conversely, confirmation
that the regional price causes the Lantapan price would indicate a need to
focus on agricultural price and trade policies as longer-term influences over
farmers’ land use and crop production decisions.8

The test of causation is also a test of a sufficient condition for short-term
market integration, so long as at least one causal relationship is confirmed. It
is, however, important to note that strictly speaking, our method provides what
is best described as circumstantial evidence on integration and causation. The
conclusion of ‘causation’ is reached by observing temporal precedence, but no
specific economic mechanism of causation can be identified.

We apply these tests to weekly maize, potato and cabbage prices in
Lantapan and the main regional market. Crop price data were collected
weekly from traders at several points in Lantapan, from provincial centres and
from the main regional wholesale market (‘Agora’) in Cagayan de Oro, the
regional capital and port. Much of the produce sold in the Agora market is
shipped directly to Manila, the national capital and central market, either for
processing or for sale; accordingly, Agora prices track the benchmark Manila
prices. In this analysis we concentrate on the Lantapan—Agora market rela-
tionship (the data series are summarized in Figs 4.1-4.3).

To account for the time series properties of the data we employ a vector
auto-regression (VAR) model (Sims, 1980). The VAR approach to time series
analysis is controversial. As Cooley and LeRoy (1985) have pointed out, the
VAR is ‘atheoretical’ in the sense that it embodies no explicit economic the-
ory. However, when restrictions in the VAR model, in terms of choices of
variables and lag lengths, are weaker than the restrictions imposed on struc-
tural models, the VAR approach can provide a foundation for testing
hypotheses based on a priori reasoning (Backus, 1986). In our investigation
of price relationships, we use both economic and econometric tools to choose
variables and lag lengths. We thus view the VAR approach as a complement
to the structural models implied by theory. Specifically in the case of
Lantapan, the quality of transport infrastructure, high frequency of public and
private travel, and the distance (130 km, or at most 5 h) to the major mar-
ket all suggest that price signals can be exchanged, and arbitrage occur, well
within the 2-week interval implied by a two-period lag structure.

The structural equations of the VAR model (with two-period lags, sup-
pressing crop-specific subscripts) are:

PL = oyPA, + B1PL, 1 + B1,PA 1 + 11PL 5 + 1oPA o + Vo,

PA =04 PLy + oy PLyy + By PA s + 101 PLi g + Yop PAL o + Vi
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Fig. 4.1. Weekly price of yellow (feed) maize, 10/94-12/99 (pesos/kg).
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Fig. 4.3. Weekly price of potato, 10/94-12/98 (pesos/kg).

where PL, and PA, are prices in Lantapan and in the Agora regional market
respectively, and v, , and v, are error terms that we assumed are serially and
mutually uncorrelated. Eliminating current-period variables from the right-hand
sides of these equations yields a reduced form:

PLi=¢1,PL; + 915PA 1 + 913PL, 5 + ¢14PA 5 + &,
PA = ¢y1PA 1 + 0poPL, 1 + 9p3PA 5 + 94PL, 5 + &5

in which &, and &,, are unobservable variables which are the serially uncorre-
lated innovations in the PL and PA processes.

Granger causality tests utilize test statistics computed from the VARs. A
variable m, is said to fail to Granger-cause another variable y, relative to an
information set consisting of past values of m, and v, if

A A
EW, | Y1 M1, Yoo Mg, - - 1= EV |V 1, Yo, - - ]

where E denotes a linear projection of the dependent variable. In our exam-
ple, this means that PA does not Granger-cause PL relative to an information
set consisting of past values of PA and PL if (and only if) the estimates of ¢,
and ¢, , are equal to zero. In practice, an F-test can be used to test the null that
one variable does not Granger-cause another.

The results of these F-tests are summarized in Table 4.1. All markets dis-
play some form of causation, and so we conclude that local and regional mar-
kets are integrated for all crops in the study. For yellow maize and white



Table 4.1. Summary of results of Granger causality tests for maize and vegetable prices.

Crop Test2 R? Dwb F(N; df) Pvalue® Comments
Weekly data

Yellow maize Agora — Lantapan 0.75 1.97 3.22 (182;2,176) 0.042 One-way
Lantapan — Agora 0.86 2.04 0.91 (182;2,176) 0.403 causation

White maize Agora — Lantapan 0.89 1.95 8.25(162;2,156) 0.004 One-way
Lantapan — Agora 0.95 1.96 0.39 (162;2,156) 0.680 causation

Avg. potato Agora — Lantapan 0.81 1.95 6.61(157;2,151) 0.002 Two-way
Lantapan — Agora 0.84 2.08 7.17 (157;2,151) 0.001 causation

Cabbage Agora — Lantapan 0.86 1.97 2.88(170;2,164) 0.005 Two-way
Lantapan — Agora 0.68 1.96 5.60(170;2,164) 0.004 causation
Monthly data

Avg. potato? Agora — Lantapan 0.75 2.05 13.80 (83;2,76) 0.001 One-way
Lantapan — Agora 0.83 2.12 0.77 (83;2,76) 0.470 causation

Cabbage Agora — Lantapan 0.61 1.90 3.36 (41; 2,35) 0.046 One-way
Lantapan — Agora 0.56 1.99 0.34 (41;2,35) 0.710 causation

2 Arrows indicate the direction of causation being tested, so for example ‘Agora — Lantapan’ indicates a test that Agora price Granger causes Lantapan price.

bDurbin-Watson statistic.

°P < 0.01 indicates rejection of the null hypothesis (no causation) at 1% significance level; 0.01 < P < 0.05 indicates rejection at 5%; 0.05 < P< 0.1 indicates
rejection at 10%.

dBiweekly data for average prices of large and medium potatoes.
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maize, the direction of causation runs from wholesale market to farm gate.
Maize prices in the watershed are driven entirely by prices in provincial and
national markets. For potato, weekly data indicate two-way causation: farm-
gate prices are influenced by wholesale prices, but a local supply shock in
Lantapan may also have a short-run effect in wholesale markets. Using biweekly
data, however, we find a strong one-way relationship between Lantapan and
Agora prices, with causality running from the latter to the former. For cab-
bage, the weekly data show a strong influence of Lantapan prices on whole-
sale prices, but monthly data show that when very short-term fluctuations are
smoothed out, cabbage prices are determined in the regional market and not
within the watershed.

To summarize, our results indicate that markets for the major crops grown
in the watershed are integrated in the short term with broader regional mar-
kets. They also provide strong evidence for all crops that an expansion of sup-
ply within the watershed will have no measurable influence on its prices in
wholesale markets, beyond a period of one or two weeks for vegetable crops.
Rather, the evidence is that farmers in the watershed are price takers in
regional and national markets.

Market and policy linkages in Lantapan

If markets are integrated as we have argued, and given that short-term causal-
ity runs only from regional to local market, what can we conclude about the
implications of national policies for upland land use in Lantapan?

For the reasons indicated earlier, we cannot as yet quantify the effects of
changes in the trade policy regimes that underpin domestic market conditions
for both maize and vegetables. For vegetables, import bans that prevailed until
1996 have been replaced with tariffs at prohibitive rates; in effect, there has
been no trade policy change. For maize, in spite of the shift from quantitative
restrictions to the MAV system with tariffs after 1996, announced trade policy
changes are being introduced very gradually and in practice have changed very
little. However, our finding that upland farmers are price-takers in regional
markets makes it clear that any meaningful policy changes, were they to occur,
would have direct effects on farm-gate prices in the uplands.

Of potentially greater interest is the observation that revenue instability, the
phenomenon that risk-averse farmers strive to avoid, has intersectoral as well
as local sources, even in a market (such as maize) which is subject to price sta-
bilization. Our data span the economic crisis that engulfed South-east Asian
countries in the late 1990s, beginning when the Thai currency collapsed in July
1997. While the crisis took different forms in each affected economy, there
were three elements common to all. There was a sharp drop in overall eco-
nomic growth, and there were sudden, unexpected and repeated re-evaluations
of exchange rates that had previously been effectively pegged to the US dollar.
As a result there was a big increase in uncertainty among producers within the
affected countries about final demand and prices, input prices, and even avail-
ability of key inputs such as credit. Since trade policy renders Philippine maize
prices largely independent of world prices in the short run, were upland mar-
kets affected by the macroeconomic instability reflected in the exchange rate?
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We used information about exchange rate variability to define the end-
points of the Philippine economic crisis.® During the period August 1997 to
November 1998, the daily peso—dollar rate fluctuated wildly, whereas before
and after this episode, the mean daily change was a fraction of 1% (Fig. 4.4).
We use this criterion to divide our data into ‘pre-crisis’, ‘crisis’ and ‘post-crisis’
periods; as Table 4.2 shows, the price variance of yellow maize, the major
crop in Lantapan, increased substantially during the crisis, even through the
mean price did not. We are then able to make a preliminary identification of
the effects of macroeconomic instability on the relationship between farm gate
prices and those in national markets. We do this by calculating impulse
response functions, which record the dynamic response of one data series to
a one-time shock (‘impulse’) in another (see Greene, 1993). For example, the
dynamic response of a shock in Agora on the Lantapan price can be captured
by oPL, +j/ 0Vpy,. 10 The impulse response measures are thus computed from the
same VAR model used earlier to test market relationships, only with the data
divided into sub-periods as noted.

The dynamic response of Lantapan maize prices to a shock in the
Agora regional market price is shown for a two-period lag model in Fig. 4.5.
The ‘impulse’ is a one-peso per kilogram price shock, so the figures on the
vertical axis of the graph are pesos per kilogram in the Lantapan market
(the mean pre-shock maize price was about 6 pesos/kg, so this represents
a shock of about 16%). In the pre-crisis and post-crisis periods, a shock in
the Agora price yields a maximum rise in local prices of about 3% (0.2
pesos). The impulse response peaks 3 weeks after the shock and drops very
sharply to a negligible amount by the 5th week after the shock. During the
crisis, the peak is much larger (6%), and is sustained over several months.
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Fig. 4.4. Daily fluctuations of the Philippine peso against the US dollar.
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Table 4.2. Moments of yellow maize prices before, during and after the exchange rate crisis.

Item Pre-crisis Crisis Post-crisis
Lantapan mean price (pesos/kg) 5.57 5.85 5.19
Agora mean price (pesos/kg) 6.15 6.25 5.23
Lantapan price variance 0.627 0.774 0.462
Agora price variance 0.526 1.277 0.221
Exchange rate (peso/US$) 25.9 38.7 38.9
Exchange rate variance 0.468 16.892 0.817

Note: Periods are as defined in text and illustrated in Fig. 4.4.
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Fig. 4.5. Impulse response function: yellow maize (lag = 2).

Comparing responses during the crisis period and in the earlier and later
periods, we see that in the post-crisis era the signal from the leading Agora
price to the Lantapan price is very much more ‘noisy’ than in the prior
period. The price dynamics indicate that during the crisis, a temporary dis-
turbance in the Agora series induces a larger and longer-lived response in
farm-gate prices.

The impulse response analysis suggests that the effects of macroeconomic
instability find their way into the behaviour of prices that guide farming deci-
sions even in areas far from the main regions and sectors of economic activ-
ity. The economic signals upon which upland farmers make resource allocation
decisions are not independent of conditions in national markets and in the
macroeconomy.
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Conclusions

Commodity market development, along with policy biases, has contributed
to deforestation and the adoption and spread of relatively erosive crops, pro-
duced using relatively land-degrading technologies, in the upland Philippine
watershed of our study. The environmental ill-effects of these crops could be
minimized by adoption of appropriate technologies, for example to reduce
erosion and preserve soil quality. However, only a few farmers in the study
site have adopted effective soil conservation measures, and while this is
clearly related to tenure insecurity, there is also evidence that among all
farmers, the choice of annual commercial crops, and the failure to adopt soil-
conserving technologies, have economic as well as institutional roots. If mar-
ket-driven incentives dominate in farmers’ decisions, there is a case for
broadening the range of policy instruments brought to bear on the upland
environmental problem; moreover, project design may be improved by a dif-
ferent balance of local action and national-level information dissemination
and policy advocacy.

We have demonstrated that in spite of remoteness, the farmers in our
study area produce for markets that are integrated in the national system.
Supply shocks from the site have no effect on prices in broader markets: farm-
ers are price-takers in these markets. National markets transmit both price
information and the effects of macroeconomic instability.

While empirical tests of the effects of trade policies on prices await sub-
stantive policy changes, it is nevertheless clear that agricultural markets
convey the effects of trade policies to the farm gate, even in upland agri-
culture. Trade liberalization can therefore be expected to reduce the farm-
gate prices of maize and vegetables, the two most environmentally
damaging crops currently grown in Lantapan and many similar Philippine
watersheds.

Finally, anecdotal evidence of the importance of macroeconomic
trends in driving upland migration and land use patterns is provided with
some additional contemporary support by our finding that the stability of
market price relationships is a function of price stability in the overall
Philippine economy. During the economic crisis, instability at the macro-
economic level (as reflected in daily exchange rate movements) was associ-
ated with a noisier signal from wholesale to farm-gate prices. Future
research on the links between deforestation and agricultural expansion
should benefit from this exposure of the importance of markets and prices
in a typical frontier area of a tropical developing country. A combination
of project-specific and more general policy measures is called for if the for-
mer are to succeed in changing farmers’ actions, and if the latter are not
to discourage environmentally sustainable strategies. At a policy level this
research, if supported by counterpart studies from other sites, should pro-
voke a reconsideration — and indeed a substantial broadening — of the set
of policy instruments available to influence upland agricultural and forest
land allocations.
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Notes

' In the Philippine case, a recent set of national government guidelines for watershed manage-
ment (PCARRD, 1999) makes only incidental reference to markets as influences on farmer behav-
jour, and none to policies other than those which have direct effects on land use — zoning, tenure
laws and similar.
2 The following passage from a former undersecretary for policy and planning in the Philippine
Department of Agriculture illustrates:
Policymakers in the Philippines tend to examine economic problems from the perspective
of individual consumers and firms, and thus, generate and propose actions and measures
focused on directly supporting these entities. In no way have economic policies been eval-
uated on the basis of their environmental impacts. In rare cases, farmer interests are
accounted for. For instance, price controls [on rice and corn] were defended on the basis
of their effects on the consumers of staple commodities and the costs of raw materials to
enterprises. Rarely were the adverse effects on supply responses as well as the welfare of
producer — particularly of farmers and fishermen — considered.
(Tolentino, 1995).
3 For formal developments of the model in this section, see Lopez and Niklitschek (1991);
Deacon (1995); and Coxhead and Jayasuriya (2003).
4 In Thailand rapid economic growth, and especially the expansion of labour-intensive manu-
facturing industries, was the major contributor to the stabilizing of agricultural land area during
the ‘boom’ years 1986-96, through out-migration from marginal upland and rural areas
(Coxhead and Jiraporn, 1999).
> The nominal protective rate (NPR, a measure of the amount by which domestic prices exceed
landed import prices) for maize has generally been much higher than for any other major agri-
cultural product, especially after the mid-1970s when maize self-sufficiency was made a policy
goal. The NPR averaged 18% in 1970-74, but rose to 42% by 1983-86, and to 62% by 1990
(Coxhead, 2000); it has since remained in this range.
6 Data on production, input use, land use and sales for major crops were collected annually from
a sample of 120 farms in four rounds between 1994 and 1998 (for full details see Coxhead, 1995
and Rola and Coxhead, 1997).
7 The test for stationarity is conducted with a Dickey-Fuller test of the null hypothesis that
each price exhibits a unit root. For example, under an AR(2) representation of yellow maize
prices (including seasonal dummy variables), the ADF test statistics for this hypothesis are
—4.818 for Agora and —5.307 for Lantapan. At the 5% test level, the critical value for the test
is —2.88, so we reject the null hypothesis. We obtain similar results for the other products,
which are robust with respect to different lag specifications. We conclude that these price
series are stationary.
8 Both Granger-causality and the test of transmission of shocks (impulse response function) are
founded on the vector autoregression (VAR) specification of a price series.
9 Although the values of the exchange rate are of direct interest in their own right, here we are
using exchange rate fluctuations as a proxy for a more general set of macroeconomic conditions.
In an open economy, exchange rate depreciation (as occurred during the early part of the crisis)
serves as a proxy for (unobservable) inflationary expectations; exchange rate variability is then a
proxy for general price instability.
10 This algebraic derivation involves successive substitution (Greene, 1993).
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Introduction

This chapter asks the empirical question: ‘How do farmers in remote, upper-
watershed areas respond to price signals?” Until recently, it was widely
assumed that most upland agriculture was undertaken primarily for subsis-
tence. If correct, this would have important implications for the design of
upland development programmes, as subsistence farmers, by definition, are
beyond the reach of economic policies, and therefore, programmes address-
ing their needs would have to depend on direct interventions. Such interven-
tions, including command and control policies to conserve natural resources,
remain at the core of most resource conservation strategies in countries of the
humid tropics.

In this respect, most upland development and conservation strategies lag
behind the reality of areas at which they are directed. While pockets of pure sub-
sistence production persist in least accessible regions, road and other infrastruc-
ture improvements have brought the majority of Asia’s upland farmers into
contact with markets and have thereby transformed the basis of their production
decisions. Accumulating evidence indicates that farmers in remote areas are

“This chapter draws in part on Coxhead and Demeke (2004). We acknowledge with gratitude a
long-standing collaboration with Dr Agnes Rola and her staff at the University of the Philippines
at Los Bafios, and the dedicated data collection efforts of Ms Isidra (Sid) Bagares, without whose
efforts this research could not have been carried out.

©CAB International 2005. Land Use Change in Tropical Watersheds: Evidence,
Causes and Remedies (eds |. Coxhead and G. Shively)
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increasingly willing to specialize in production of commercial crops and to rely
on markets to supply household food needs. This engagement with the market
increases the spatial and sectoral reach of economic policies, although obvious
frictions in smallholder responses to policy changes may remain (e.g. Shively and
Fisher, 2004). Market-based policies are generally cost-effective relative to direct
interventions, so for policymakers, commercialization means that market instru-
ments can be incorporated in the upland policy tool kit.

Continuing with the empirical focus of this book, this chapter explores
land use decisions made by farmers in the Manupali River watershed. Our goal
is to use data collected on upland farms to quantify responses to economic
shocks, and thereby to understand the leverage that policies affecting agricul-
tural prices can be expected to exert in upland areas. We use a decade-long
panel of farm-level data on agricultural practices and prices. The existence of
this data set makes possible a considerably more thorough examination and
quantification of the market and policy determinants of land use decisions than
is typically possible with cross-section data alone.

Markets, Policies and Land Use in the Uplands

As discussed in the previous chapters, in the Manupali River watershed the
isolation of upland farmers from markets has diminished in the past genera-
tion, due in part to links created by migrants, and in part to infrastructural
improvements. Using primary data from traders and wholesale markets,
Coxhead et al. (see Chapter 4, this volume) show that farm markets in the
watershed are integrated, and further, that local producer prices are deter-
mined exclusively by those in external markets. This finding forms one link
in a chain relating farmers’ actions to a set of macroeconomic determinants.
The other link, which we now explore, is the one that connects farm-gate
price signals to farmers’ decisions. The empirical exploration of links
between national markets and policies and upland land use decisions has
only a few antecedents in the Philippines. Findings based on farm-level data
have awaited the accumulation of time series, and are both very recent and
somewhat tentative in their findings (Coxhead et al., 2002; Shively and
Pagiola, 2004).

In earlier work in the Manupali River watershed, Coxhead et al. (2002)
examined farm-level land use decisions and related them to expected levels and
variances of prices and vields, input prices, and quantities of fixed factors such
as family labour. Their findings confirmed the price-responsiveness of land use
decisions but suggested that price changes had relatively small land use effects.
These results suggest a role for price policy, but not a highly influential one.
Importantly however, the earlier study used a short series of observations (only
three per farm); with highly heterogeneous farms, persistent differences
between farms, rather than their common responses to market influences,
dominated the results. In the earlier study, moreover, lack of wage data pre-
cluded formal labour market analysis. The analysis of this chapter extends that
previous work in several important ways. We use a longer data series, and so
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can control for farm-specific effects. We now have a wage series and data on
key crop price policies, and also take account of censoring and panel data
properties in the data.

Over time, Philippine domestic prices of maize, vegetables and some other
important upland crops have been subject to import-substitution policies
applied as tariffs, state trading and/or outright import bans. These have raised
producer prices substantially above world market equivalents (Coxhead, 1997;
David, 2003). Under the terms of its accession to the WTO in 1995, the
Philippines converted all such restrictions to a tariff equivalent form, but for
some crops, the implied tariff has remained very high. This is the case for
maize, the crop most widely grown in the watershed and in the Philippine
uplands generally; the nominal protective rate (NPR) for maize has remained
high, and even risen, since WTO accession in 1994 (Fig. 5.1).

Why is it important to quantify upland farmers’ responses to trade poli-
cies? We hypothesize that these policies are responsible, at least in part, for
the substitution of maize and some vegetable crops for other land uses, includ-
ing perennials such as coffee, a shift that has increased deforestation and
intensified the mining of upland soils. If so, then trade or price policy reforms
that affect the national market for a crop could have widespread and poten-
tially large aggregate environmental impacts achieved at low cost relative to
the usual site-specific approach to sustainable upland development. Our goal
is to discover whether prices, which transmit the effects of policy changes,
induce significant land use responses once other determinants of behaviour are
taken into account.
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Fig. 5.1. Philippines: trends in the nominal protection rate for maize. (Source: ISPPS, University of
the Philippines at Los Bafos.)
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Model

We assume that farm households choose land use strategies consistent with
profit maximization over time, based on per-period net farm income. In the
short run, they are constrained by the quantity of land they control, its char-
acteristics (soil quality, climate, distance to market, etc.) and their labour
endowment. In any period, the whole of the land area need not be farmed;
some may be fallow. Household labour differs from hired labour on the farm
in embodying specific management knowledge.!

By profit maximization, land in each period is fixed in total quantity but
allocable across crops. Formally, define indexes i, j to correspond to farm
products, k to inputs and h to observational units. Define land area per crop
in period t by A, crop prices by p,,, wages and other input prices by w,,, and
a vector of variables whose values are specific to the household/farm or year
by z,,. Then we can write the area of each crop planted in each year as a func-
tion of these factors, namely A, = A, (pjt, Wy, 25,). The choice of A, ,, for
all crops i, is made by farmers who respond to economic incentives and are
constrained by their endowments and sometimes by institutional features.
Farm decisions are subject to exogenous changes in product and input prices
and in exogenous or predetermined factors including farm size, family labour
force and weather. At the intensive margin (i.e. within the current cropped
area) farmers adjust labour and input use by crop. Between the intensive and
extensive margins, they adjust land allocation among crops. At the extensive
margin, they alter the total area of the farm that is cultivated in a given period.

Economically optimal behaviour would lead total farmed area to increase
with output prices and decline with input prices, i.e. production costs.
Allocation of land to individual crops should be positively related to expected
own price or vield, and negatively related to prices or yields of other crops with
which they compete for land and other resources. Higher wages are likely to
reduce profitability and thus to reduce land demand; the extent of the wage
effect should vary with the labour intensity of production. Increases in family
labour are likely to increase land demand, especially in management-intensive
crops, since experience indicates that family labour on the farm embodies spe-
cific managerial expertise.

In our data set, farmers allocate land mainly between maize and veg-
etable production. Vegetables are grown on small plots and are very input-
dependent; hence, they are considerably more management-intensive than
maize. Accordingly, whereas maize production can easily be expanded by
hiring more labour (given land), the same may not be true of vegetables.
Conversely, relaxing the land constraint (given family labour) should expand
maize area, but may leave vegetable production unchanged if the household
cannot provide a matching increase in managerial labour. These land and
family labour constraints indicate a short-run model. Empirically, if these
constraints bind, we can draw inferences about the incentives for farmers to
take steps to relax them, following a shock of a given kind.2 The same is true
of farm credit, which is used almost exclusively by vegetable operations (see
Coxhead et al., 2002).
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Data

Data come from a group of villages located in Lantapan municipality in the
upper Manupali River watershed in central Bukidnon province, northern
Mindanao Island. As discussed in Chapter 1, total area farmed in the munici-
pality has increased faster than population, and this expansion has occurred at
the expense of primary forest and other perennial crop and agroforestry sys-
tems. The main crop grown by area is maize; other crops vary in importance
by location, with sugarcane dominant in the lower watershed and vegetables
in the upper.

Researchers with the SANREM project conducted a series of farmer sur-
veys in the dry seasons of even-numbered years from 1994 to 2002 - a total
of five observations per household. Sample farms were drawn from nine vil-
lages in the middle and upper regions of the watershed (for survey methods
and instruments, and summaries of findings from individual survey rounds, see
Coxhead (1995) and Rola et al. (1995)). The surveys elicited information on
household composition, farm production and input use, land use history, sales,
non-farm income and farmers’ perceptions of erosion and soil degradation, as
well as their expectations on types of crop to be grown and crop prices in the
next cropping season. The survey started with 190 farm households; in 1996
the sample size was reduced to 120, and another 20 households subsequently
dropped out of the survey.

Land Use Responses to Economic Signals: Estimation and Results

Our goal in this section is to estimate land demand as a function of prices as
well as farm and household characteristics. While several crops are grown in
the study site, this analysis focuses on maize and vegetables, two enterprises
for which land area per farm fluctuates from year to year. Table 5.1 provides
a summary of the main variables used. In estimating land demand functions,
the data present us with a number of practical challenges. First, the data are
censored: many farms specialize (e.g. in maize production) and many obser-
vations thus record zero land allocation to particular crops in specific years.
For maize, about 25% of total observations are zero; for vegetables, the figure
is almost 70%. Hence, parameter estimates associated with land use changes
that have been derived using standard linear regression techniques will be
biased. Second, since the data form a panel, controlling for unobserved house-
hold-specific effects and dynamics is also essential. Third, price data are drawn
from local market surveys and thus exhibit no cross-sectional variation across
farms in each year. For a model containing several prices and few time peri-
ods, degrees of freedom become very limited. Fourth, land allocation decisions
are arguably not independent, implying that single-equation estimation may
not be efficient, since it does not take account of jointly made decisions on
labour, other inputs and farm investments. Finally, as noted above, some
households dropped out of the survey for various reasons, some of which are
likely to be endogenous. When endogenous attrition of the sample is ignored,
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estimation captures only those farmers who remain in farming; hence the
effect of prices and wages on abandoning farm lands could not be captured.

In this chapter, we adopt appropriate estimation methods to deal with
parts of the first three issues (for details of our econometric approach, see
Appendix, and Coxhead and Demeke (2004)). Since land allocation involves
corner solutions, we use a Tobit estimator, which takes account of the neces-
sity that total land use (expressed as a share of total area) be bounded between
zero and one. However, there are additional complications. Empirical work
using panel data must also deal with problems of unobserved heterogeneity
across farms and through time, such as in soil quality, altered managerial
ability and dynamic feedback effects. It has proved very difficult to address
both dynamics and unobserved heterogeneity together (Hu, 2002); nor can
we easily take account of the interdependence of land allocation equations.
Hence, we restrict the analysis to a random effects Tobit model, leaving esti-
mation of a system of dynamic equations for future work (see Demeke,
2004). The random effects Tobit model enables us to account for zero land
allocation outcomes as well as for unobserved heterogeneity among the
households.

We deal with the lack of cross-sectional variation in prices by substituting
expected revenues in place of prices in the land demand functions. There are
several studies that make use of expected revenue or expected return instead
of output price as an explanatory variable (McGuirk and Mundlak, 1992; Holt,
1999; Arnberg, 2002). This approach merely requires the assumption that
farmers respond equally to revenue-increasing shocks; whether the shocks
originate in prices or yields is immaterial. Using production data, we estimate
per hectare revenue per crop as a function of farm area, slope, education, dis-
tance, soil conservation, household labour, age, tenure, and location and

Table 5.1. Summary statistics of variables.

Variable Mean Std. Dev.
Total area planted (ha)? 1.16 1.45
Area of maize (ha) 1.02 1.46
Area of vegetable (ha) 0.14 0.33
Total farm area (ha) 2.68 2.95
Relative expected maize revenue (pesos/ha) 20.00 7.38
Relative expected vegetable revenue (pesos/ha) 44.80 30.08
Relative wage® (pesos/day) 0.17 0.02
Slope of the land (per cent) 16.38 10.70
Average distance from national road (km) 2.86 3.64
Years of education of the household head 6.28 3.43
Number of adults in the household 3.31 1.93
Age of the household head 44.39 11.79
Total number of observations 592

a8 Sum of maize and vegetable area.
b Average wage in each village.
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year dummies. We then predict expected revenues for all farms based on these
estimates. This approach permits us to construct expected revenues for those
farms with zero land allocation to a particular crop.

Assuming farm area to be exogenously fixed in the short run, each crop
area allocation is postulated to depend on the following variables: total farm
area, expected per hectare maize and vegetable revenues, wages, average
slope of parcels, distance of the farm from national road, age and years of
education of the household head, and number of adults in the family. In
addition we estimate the effect of these variables on total area farmed. All
price and value variables, that is, revenue and wages, are normalized by fer-
tilizer price. Hence, the estimates capture the effects of relative price changes
on land use decisions. Table 5.2 shows the random effects Tobit estimates of
our model; Table 5.3 shows the key results as elasticities, which show the
effect of a 1% increase in each exogenous variable on land area. These are
computed at the sample means, and also at the means of land area observa-
tions that are greater than zero. From Table 5.3, crop area responses to
expected revenues are positive for own-price and negative for cross-price
terms. A 10% increase in maize price will induce farmers to increase maize
area by 2.6%, reduce vegetable area by 12% and increase total planted area
by 1%. Similarly, a 10% rise in the vegetable price will reduce maize area by
1.7%, increase vegetable area by 4.2% and reduce total area slightly, by 1.3%.
Wage rises have negative effects on area planted, most especially so in the
labour-intensive vegetable enterprise; a 10% wage rise reduces maize area by
2.3%, vegetable area by 23% and total area by 3.9%. Larger family labour

Table 5.2. Random effects Tobit estimates.

Variable Maize Vegetable Total Area
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Farm area 0.404™  0.020 -0.006 0.016 0.