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FOREWORD 

T h e Env i ronment and Policy Insti tute 
(EAPI) of the East-West Center conducts re
search and education programs through mul
tinational collaboration on environmental as
pects of policy and decision making in the 
East-West region. The program of the Insti
tute emphasizes (1) analysis of dependence 
and impacts on natural systems and thus on 
the objectives of the policies, and (2) assess
ment of scientific and technical information 
about natural systems for more coherent pol
icy formulation and implementation through 
planning and management. This systematic 
approach avoids the polarization of environ
mental values versus sectoral goals. 

Much of the Institute's recent work focuses 
on the management of land and water re
sources. A n integrating theme for many of 
these issues is watershed management, which 
deals with interacting physical and social proc
esses and activities. In seeking ways to improve 
watershed management, E A P I joined with the 
U.S. Agency for International Development 
(USAID) to conduct a workshop in January 
1985 with the following objectives: 

1. To review national watershed programs 
conducted in the Asian region 

2. To review the status of knowledge con
ce rn ing management strategies and 
methods 

3. To discuss and identify watershed man
agement research needs 

The workshop brought together watershed 
management experts, U S A I D mission rep

resentatives f rom selected Asian countries, 
officials of the Asia Bureau and the Science 
and Technology Bureau of USAID, and most of 
the research staff of E A P I . T h e expertise 
included the areas of forestry, watershed man
agement, economics, agroforestry, anthropol
ogy, soil conservation, and water resources 
management. Material was presented on the 
following topics: 

1. Rationale for and problems involved in 
using the watershed as a management 
unit 

2. Conceptual framework for integrated wa
tershed management 

3. Basic natural processes involved in water
sheds and their management 

4. Formulation of watershed management 
strategies and approaches, involving land 
use adjustments and physical measures 

5. Economic analysis of watershed manage
ment strategies and approaches 

6. Behavioral and social factors of signifi
cance in land use changes in watersheds 

7. Implementation of watershed manage
ment strategies and approaches 

8. Institutional and organizational context 
of watershed management activities 

In presenting these topics, emphasis was on 
"what we know" and "what we need to know" to 
achieve effective watershed management. By 
identifying inadequacies and gaps in informa
tion, the needs for research on various aspects 
of watershed management were highlighted. 
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T h e country and regional experts were 
asked to review the watershed management 
experiences in their countries or regions. Em
phasis was on identifying those aspects of the 
projects or programs that have been successful 
and on the problems that have been encoun
tered. These reviews provided a basis for iden
tifying information and research needs. 

Following these presentations, small work
ing groups discussed selected problems and is
sues, information gaps, and researchable ques
tions, developed revised statements covering 
these aspects, and prepared lists of high-prior
ity research needs and approaches. A synthesis 
of the workshop presentations, discussions, 
and working group reports forms the basis of 
this report prepared by .EAPI Fellows K. Wi l 
liam Easter and Maynard M . Hufschmidt, with 
the assistance of David S. McCauley, who wrote 

the synopses f rom the workshop papers. 
People attending and participating in the 

workshop did so in their individual capacities 
and did not represent or speak for their orga
nizations or countries. Th is report of the work
shop's findings, conclusions, and recommen
dations presents the spec t rum o f views 
expressed at the meeting. It should not be as
sumed that every participant subscribes to 
every statement, although a broad consensus 
was reached on most major points. 

This report is the first step in communicating 
some of the results of this workshop. In future 
publications and in follow-up meetings, we an
ticipate that the work begun will continue and 
reach a wider audience. In this way, we hope 
that we are contributing to a creative resolution 
of issues that are vital to national and interna
tional interests of countries in the region. 

Will iam H . Matthews, Director 
Environment and Policy Institute 

East-West Center 
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DEFINITIONS 

A watershed is a topographically delineated 
area that is drained by a stream system. The 
watershed is a hydrologic unit that has been 
described and used both as a physical-biologi
cal unit and as a socioeconomic and sociopolit
ical unit for planning and implementing re
source management activities. 

A river basin is similarly defined but is of a 
larger scale (for example, the Mekong River 
Basin, the Amazon River Basin, and the Missis
sippi River Basin). 

When the term watershed is used in this 
report, it refers to a subdrainage area of a river 
basin. 

Integrated watershed management is the pro
cess of f o rmu la t i ng and implement ing a 
course of action involving natural, agricul
tural, and human resources of a watershed, 
taking into account the social, economic, and 
institutional factors operating within the wa
tershed and the surrounding river basin and 
other relevant regions to achieve specific ob

jectives. Typically this process would include 
establishing watershed management objec
tives, formulating and evaluating alternative 
resource management actions involving vari
ous implementation tools and institutional 
arrangements, choosing and implementing a 
preferred course of action, and, through 
monitoring of activities and outcomes, evalu
ating performance in terms of degrees of 
achievement of the specified objectives. 

The watershed approach is the application of 
integrated watershed management in the 
planning and implementation of resource 
management and rural development projects. 
Imbedded in this approach is the linkage be
tween uplands and lowlands in both biophysi
cal, socioeconomic, and institutional/organi
za t ional contexts. For example , up l and 
watersheds are source areas for surface water 
and groundwater recharge while downstream 
agriculture and urban development are di
rectly dependent upon such water supplies. 

SUMMARY 

Regardless of the nature and scope of rural 
development, the watershed is a significant 
and useful spatial unit for analysis dur ing 
planning. Physical aspects of the watershed, i f 
ignored, can cause serious problems for proj
ect implementation. Furthermore, in numer
ous cases, the watershed is the appropriate 

unit for project implementation. The water
shed management approach includes both the 
natural and the social systems, with special 
emphasis on the linkages between upland and 
lowland areas and their respective human and 
physical endowments. A conceptual frame
work embodying the watershed management 
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approach helps to identify important research 
problems and issues that arise in the manage
ment of natural resources. 

Research and Information Needs 

The primary objective of the workshop was 
to identify watershed management research 
and information needs. Twenty-four impor
tant needs were identified and grouped under 
five themes. (Those shown in boldface type 
deserve, in the opinion of the authors, special 
emphasis and priority.) 

Information Systems and Flexible Planning Models 

• Develop a rapid diagnostic methodology 
to assess the condition of watersheds and 
to formulate and evaluate possible 
courses of action (p. 13)/ 

• Devise a land capability classification sys
tem for upland tropical and subtropical 
watersheds in Asia (p. 13). 

• Adapt multiple objective planning methods 
and systems analyses to the limited data 
conditions of developing countries (p. 15). 

• Devise procedures for developing flexible 
plans and implementation approaches ap
propr ia te to As i an watershed cond i 
tions (p. 15). 

• Develop and test alternative procedures for 
incorporating monitoring, assessment, and 
evaluation methods into project management 
during the implementation stage (p. 19). 

• Devise alternative techniques for measuring 
and incorporating soil productivity losses 
and downstream damages into watershed 
monitoring and evaluation systems (p. 20). 

Quantification and Valuation of Upstream-
Downstream Relatiotiships 

• Develop improved methods for measur
ing and valuing the downstream impacts 
of soil erosion in tropical and subtropical 
watersheds (p. 15). 

"The page numbers in parentheses refer to later 
discussion of the research. 

• Devise methods for quantifying and valu
ing the on-site effects of long-term soil and 
nutrient loss due to soil erosion and leach
ing under various land use and manage
ment practices (p. 14). 

• Evaluate the transferability of alternative 
resource management actions and technol
ogies for controlling soil erosion (p. 14). 

• Study the linkages between hillslope and 
channel processes to determine changes in 
sediment quantities, water qualities, and 
bed and bank processes in downstream 
channels. Analytical models are needed 
that are appropr ia te f o r p red ic t ing 
changes in tropical and subtropical water
sheds (p. 14). 

Participation in Watershed Management 

« Adapt training and extension methods to 
develop effective staffs of field-level 
change agents for work in upland water
sheds (p. 17). 

• Develop and evaluate al ternative ap
proaches for involving local participants in 
project planning and implementation, in
cluding concerns for: local capacities for 
implementing practices, obstacles to par
ticipation, bureaucracies as catalysts for lo
cal action, and activities best performed 
through local groups (pp. 13, 18). 

• Develop procedures for educating the hill 
or upland people of Asia concerning the 
environmental consequences of alternative 
land uses and practices (p. 17). 

• Devise and evaluate alternative systems for 
providing relevant local information to 
project decision makers (p. 18). 

• Determine the contributions which non
governmental organizations and the pri
vate sector can make to watershed man
agement (p. 19). 

Using Past Experience to Improve 
Watershed Management 

• Evaluate alternative management activi
ties to determine the incentives required 
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for small-scale farmers to adopt manage
ment practices that sustain long-term soil 
productivity and reduce downstream 
damages (p. 17). 

• Study actual experiences in implementing 
land use changes in tropical and subtropi
cal watersheds of Asia (p. 13). 

• Evaluate the land resettlement experience 
of selected Asian countries (p. 17). 

• Develop information concerning the im
pact of road construction in upland tropi
cal and subtropical watersheds on down
stream areas and on human migration into 
upland areas (p. 16). 

• Develop farming systems that are appro
priate for steep slopes (p. 14). 

Organizational, Institutional, and Policy Concerns 

• Review resource management policies of 
individual sectors — agriculture, energy, 
forestry, and mining — to identify the ma
jor inconsistencies and conflicts with na
tional resource management objectives, 
including those for watersheds (p. 20). 

• Evaluate the effectiveness of legal and pol
icy instruments that affect land and water 
use and determine how these instruments 
effect the incentives for alternative land 
uses and management practices (p. 18). 

• Analyze management approaches to deter
mine how organizational structure, leader
ship, communications, authority, and flexi
bility affect project implementation (p. 19). 

• Study the effect of country food and devel
opment policies on the implementation of 
watershed management programs (p. 20). 

Research Approaches 

Much past research on watershed manage
ment has been an ad hoc response of individual 
researchers to small parts of the overall man
agement problem. Improving the management 
of upper watersheds requires an integrated ap
proach. Biophysical and socioeconomic re
search and information must be organized and 
designed so that the results can be readily used 
by planners and decision makers. 

A combination of information exchange, 
case studies, action research, and pilot projects 
can be used to address many of the research 
topics. Research should be designed to provide 
generalizations that can be used for planning 
and implementing watershed management 
projects. These studies should include the fol
lowing elements: (1) methodologies for the in
terdisciplinary analysis of watersheds based on 
the framework discussed in the workshop and 
presented in this report; (2) formulation of hy
potheses using questions presented in this re
port as a starting point; (3) collection and 
analysis of information concerning the actual 
implementation of watershed management 
programs; (4) devising measures to test the 
feasibility and transferability of resource man
agement actions and implementation tools to 
specific watershed situations; and (5) devising 
methods for monitoring and providing local 
feedback on the performance of watershed 
management projects. 

Th is research is needed to provide a clearer 
picture of past and ongoing Asian experience 
with watershed management. T h e work must 
be a collaborative effort where researchers 
from various countries and institutions work 
directly with people in the watershed. 
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INTRODUCTION 

A growing concern exists that many parts of 
the developing world will continue to have 
problems providing food and fuel well into the 
next century. Agricultural production has ex
panded during the past two decades with the 
help of new crop varieties and greater use of 
inputs such as irrigation water and fertilizer. 
Yet these increases in production have barely 
kept ahead of growing populations in many 
countries. T h e rapidly rising population in 
Asia will put increasing pressure on the agri
cultural and forestry land and water resources, 
especially in the upland areas. 

A growing number of experts warn about 
high levels of soil erosion in the upper water
sheds of Asia that not only reduce forest and 
agricultural productivity but also cause sedi
mentation and water po l lu t ion problems 
downstream. Flooding is aggravated by sedi
mentation in river channels. Reservoirs to pro
vide f lood control, irrigation, or power pro
duction are silting up at rates much faster than 
anticipated. In many cases, the useful lives of 
reservoirs are being substantially reduced. 

Many current resource management ap
proaches—such as forest preservation, fragile 
lands protection, agroforestry, farming sys
tems, and integrated rural development —do 
not take adequate account of these upstream-
downstream interactions. In contrast, an inte
grated approach to watershed management 
gives promise of enabling planners to include 
these interactions in planning and implement
ing development projects. This suggests that se
rious consideration should be given to the wider 
use of the integrated watershed management 

approach in developing countries and to use it 
as an important element in planning all types of 
resource development and management pro
jects and programs. 

Rationale for the Integrated Watershed 
Management Approach 

In general, the objective of regional re
source management or rural development is to 
exploit the productivity of natural systems to 
improve the welfare of the affected population 
within the national development objectives. Si
multaneously, such programs should minimize 
conflict, social disruption, unsustainable use 
of natural resources, inequitable distribution 
of benefits and costs, and adverse environmen
tal impacts. The watershed is a spatial unit that 
fits many of these concerns. It highlights the 
physical aspects of the landscape, which, i f not 
recognized, can lead to serious problems in 
project implementation (Figure 1). When de
velopment involves intensive use of land and 
water resources, the watershed unit contains 
the principal linkages and issues that should be 
considered. 

The rationale for the watershed approach 
to rural development projects, whether d i 
rected toward agriculture, forestry, range-
lands, water resources, or a combination of 
these, can be summarized as follows: 

• The watershed is a functional region that 
includes the key interrelationships and in-
terdependencies of concern for land and 
water management. 
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Figure 1. Hydrologic cycle for a watershed (Source: Adapted from Warshall 1980). 

• T h e watershed approach is logical for eval
uating the biophysical linkages of up
stream and downstream activities. 

• The watershed approach is holistic, ena
bling planners and managers to consider 
all relevant facets of resource development 
including on-site and off-site changes and 
impacts. This approach accounts for the 
whole complex of biophysical, social, eco
nomic, and institutional factors that bear 
directly on the development of sustainable 
management programs. 

• There is a strong economic logic in the wa
tershed unit since it internalizes many of 

the externalities involved with land man
agement practices. 

• The watershed allows for ready assessment 
of environmental impacts including the ef
fects of land use activities on ecosystems, 
both upstream and downstream. Thus* the 
effect of upland disturbances, which often 
result in a chain of downstream conse
quences, can be readily examined within a 
watershed context. 

• The watershed f ramework allows for con
sideration of human interaction with the 
environment. 

• T h e watershed approach can be inte-
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grated with other programs, including for
estry, soil conservation, rural and commu
nity development, or farming systems. 

In summary, the watershed approach can be 
used to examine upstream activities and their 
biophysical and social consequences. T h e out
comes of continued watershed use or degrada
tion can be evaluated in terms of on-site and 
off-site impacts, and needed adjustments can 
be ident i f ied. Recommendations f rom the 
evaluation flow back to management, which 
can then take remedial actions. 

Properly applied, the watershed manage
ment approach includes both the natural sys
tem and the social system. This is in contrast to 
some rural development projects that focus on 
the social system and consider the ecosystem 
as a constraint. They pose the question: What 
must we do to the natural system to extract 
more income and services for the social sys
tem? T h e opposite view has also been taken 
under natural resource-based rural develop
ment projects, which pose the question: How 
can we remove the people so we can preserve 
the ecosystems? 

CONCEPTUAL FRAMEWORK 

The conceptual framework is used to help 
son out the important problems and issues 
that arise in watershed management. It is 
based on work done at the East-West Center 
on natural systems assessment and valuation 
and on water resources management over the 
past five years (Carpenter 1983, Hufschmidt 
et al. 1983, Bower and Hufschmidt 1984). This 
framework is equally valid when the watershed 
approach is used to plan and implement a wide 
range of sectoral projects such as agriculture, 
forestry, energy, mining, transportation, hu
man settlements, f isher ies , and w i l d l i f e 
(Hufschmidt 1985). 

Major Elements of the Framework 

T h e framework consists of three dimen
sions, each representing a different but related 
analytical approach. The dimensions are: (1) 
watershed management as a process involving 
separate but closely linked stages of planning 
and implementation; (2) watershed manage
ment as a planned system of resource manage
ment actions and implementation tools applied 
to a watershed through a set of institutional and 
organizational arrangements; and (3) water

shed management as a set of linked activities for 
which specific management tasks are required. 

The Process of Watershed Management 

The conventional delineation of watershed 
management occurs as sequential steps of pro
ject planning, design, installation, operation, 
and maintenance, with monitoring and feed
back of information to earlier steps of the pro
cess (Figure 2). In developing countries, 
actionson watershed management often begin 
with the perception of a problem, which leads 
to a decision to prepare a project or program 
plan. Plan formulation leads to a project feasi
bility report that provides the basis for a deci
sion to implement the project. T h e planning 
stage is completed with the design of the pro
ject. Typically, implementation begins with in
stallation of resource management practices, 
often involving substantial capital expendi
tures. This stage of implementation (which 
may involve detailed designs) may take several 
years and is followed by an ongoing program 
of operation and maintenance. 

Monitoring and evaluation will be required 
throughout as watershed management pro-
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PLAN FORMULATION 
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M o n i t o r i n g 
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M o n i t o r i n g 
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M o n i t o r i n g 
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MAINTENANCE 

M o n i t o r i n g 

• INFORMATION FLOWS 

IMPLEMENTATION 

Figure 2. The five stages of integrated watershed management (Source: Hufschmidt 1985). 
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ceeds. Each land use or management practice 
must be evaluated in terms of its on-site and off-
site (downstream) effects. Measurement of off-
site effects on natural systems will require a sep
arate physical and economic analysis, which 
extends beyond the site boundaries. Monitor
ing and evaluation will be an iterative process 
where a land use or management practice is in
troduced and physical changes and associated 
benefits and costs are measured. After the eval
uation, the practice may have to be altered or 
dropped and new practices applied. 

Watershed Management as a Planned System 

In this dimension watershed management is 
seen as a planned system of (1) resource man
agement actions, including land use assign
ments, on-site resource utilization and manage
ment practices, and off-site management 
practices; (2) implementation tools for carrying 
out the resource management actions; and (3) a 
set of institutional and organizational arrange
ments within which implementation proceeds 
(Figure 3). 

T h e planned system makes a clear distinc
tion between resource management actions — 
"things to be done" —and implementation 
tools —"ways of getting things done." Water
shed management planners often concentrate 
on designing resource management actions 
without designing implementation tools to an 
equivalent level of detail, which often leads to 
serious problems at the implementation stage. 

This system also specifically identifies insti
tutional and organizational arrangements as 
key elements in planning and implementa
tion—elements that play an important role in 
the success or failure of watershed manage
ment plans. 

Watershed Management as a Set of 
Activities and Tasks 

Watershed management is seen as a set of 
linked activities for which specific management 
tasks are required to produce the desired out

puts and effects on the natural system. For ex
ample, as a first activity, the entire watershed 
area would be subdivided into various types of 
existing or prospective major land uses (agri
culture, grazing, agroforestry, commercial for
estry, multi-use forestry, protection forestry, 
mining, transportation) based on a land use 
assessment. Next, for each operating unit in a 
given type of land use, the on-site resource uti
lization and management practices would be 
developed. For agriculture, on-site practices 
would include the types and rotations of crops, 
soil conservation methods, tillage methods, 
and other farm practices. For commercial for
estry, on-site practices would include tree spe
cies to be grown and harvested, rotation policy, 
and methods of tree planting and harvesting. 

Finally, to handle the downstream effects of 
the on-site land use activities, a set of off-site 
management practices would be applied in-
stream and along stream borders. These in
clude debris removal, channel improvements, 
and stream bank protection by riparian buffer 
strip preservation, revegetation, or riprapping. 

Application of the Framework 

Each of the three dimensions represents a 
different but related analytical approach to 
the watershed management problem. T h e an
alytical task could be approached by selecting 
an element f rom one dimension and analyzing 
it in terms of the other two dimensions. For ex
ample, one may wish to focus the analysis on 
the planning stage of the management process 
dimension (Figure 2). To begin this analysis, 
one would construct a table (Table 1) in which 
management activities would be arranged in 
rows and management system elements in 
columns. The table would then be completed 
by listing the task required in each of the 
boxes. For example, i f the important concern 
was planning the implementation tools for on-
site resource util ization and management 
practices, the appropriate row and column of 
Table 1 lists the required tasks as planning for 
education, technical help, economic incen
tives, marketing assistance, and regulation. 
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Resource Management 
Actions 

Major land use 
assignments 

Resource utilization 
programs 

On-site agricultural, 
forestry, grazing, and 
mining practices 

Off-site management 
practices 

+ 

Implementation Tools 
for Each Category of Management Action 

• Regulations 

• Licenses and fines 

• Prices, taxes, and subsidies 

• • Loans and grants 

• Technical help 

• Education 

• Direct installation by public agencies 

+ 

Institutional Arrangements 
for Each Category of Management Action 

Non-organizational 

• Tenure systems 

• Legal codes 

• Economic policies 

• Informal arrangements 

Organizational 

• Public agencies 
Planning and management 
Extension services 
Credit agencies 

Figure 3. Watershed management as a planned system (Source: Hufschmidt 1985). 



Table 1. Examples of Watershed Management Tasks Required at the Planning Stage, Classified by Man
agement Activities and Management System Elements 

M A N A G E M E N T SYSTEM E L E M E N T S 

RESOURCE 
M A N A G E M E N T M A N A G E M E N T IMPLEMENTATION INSTITUTIONAL 

ACTIVITIES ACTIONS TOOLS A R R A N G E M E N T S 

L A N D USE • Land capability analysis Planning for Planning for 
ASSIGNMENT • Land suitability analysis • Regulation • Ownership/tenure systems 

• Formulation and benefit- • Economic incentives • Public regulation systems 
cost analysis of alterna • Education • Organizational changes 
tive land-use plans 

ON-SITE For agroforestry Planning for Planning for 
RESOURCE • Agronomic, forestry, and • Education • Extension services 

UTILIZATION A N D economic analyses of • Technical help • Credit/financial aid 
M A N A G E M E N T types, distribution and • Economic incentives • Ownership/tenure systems 

PRACTICES rotation of tree and • Marketing assistance • Soil Conservation Agency 
low crops • Regulation 

• Planning for 
methods of tilling, 
methods of cropping, 
erosion control 
practices 

OFF-SITE Planning for Planning for Planning for 
M A N A G E M E N T * Stream bank vegetation, • Education • Extension services 

PRACTICES protection or • Technical help • Credit/financial aid 
revegetation • Economic incentives systems 

• Channel dredging • Public installation • Soil Conservation Agency 
« Riprapping and maintenance 
• Intake water treatment 

Source: Hufschmidt 1985. 
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Used in this way, the analytical framework en
ables one to isolate specific aspects of watershed 
management for detailed examination, and 
provides a basis for studying specific watershed 
management experiences. For example, a case 
study using this analytical framework may show 
that major emphasis is placed on installation of 
resource management facilities, to the neglect 

of their operation and maintenance. Alterna
tively, planning for resource management 
actions may receive much more attention than 
planning for implementation tools and institu
tional arrangements. With such analyses, man
agement failures can be traced and specific 
steps for improvement justified. 

RESEARCH AND INFORMATION NEEDS 

Watershed management problems and asso
ciated research and information needs are 
grouped under two broad headings—plan
ning and implementation—taken f rom the 
conceptual framework. Although some items 
overlap in each of these categories, the classifi
cation highlights the importance of problems 
encountered at the planning and implementa
tion stages. Finally, several broad development 
and food policy issues related to watershed 
management are listed under a third category, 
policy research issues. 

In the summary, a different classification is 
used. Issues are grouped to emphasize impor
tant common elements of research problems 
identified in both planning and implementa
tion. This provides the reader with an alterna
tive way to organize the research issues and 
brings out different complementaries. 

Planning 

Watershed management planning generally 
begins with the identification of a natural re
source problem, need, or opportunity and the 
development of related social, economic, and 
natural system objectives to serve as a guide to 
planning. The planning process continues 
with the basic biophysical, economic, demo
graphic, social, and institutional analyses re
quired for the formulation of alternative wa
tershed management plans. Projections are 
made of future demographic and economic 
conditions and trends. Plans include various 

combinat ions o f resource management 
actions, implementation tools, and institu
tional and organizational arrangements for 
conducting resource management actions. A l 
ternative watershed management plans are 
evaluated using criteria developed in terms of 
the basic objectives, and the planning stage 
concludes with the selection of the preferred 
plan for subsequent implementation. The ma
jor steps of this planning process are summa
rized in Figure 4. 

Plan formulation is an iterative process that 
starts with postulating initial land use assign
ments to major uses such as agriculture, for
estry, mining, and human settlements. For 
each initial land use assignment, on-site re
source utilization actions and management 
practices are formulated. On-site and off-site 
biophysical, economic, and social effects are 
then quantified and evaluated. Based on the 
results of these analyses, the land use assign
ments, resource utilization actions, and man
agement practices are revised. A set of accom
panying off-site management practices are 
formulated, and the total watershed manage
ment plan is evaluated. This process may un
dergo several iterations and may include for
mulation of two or more alternative watershed 
management plans. 

Effective planning is an integral part of suc
cessful rural development programs. Regional 
rural development planning that ignores wa
tershed characteristics is likely to result in seri
ous environmental problems. Thus the water-
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1. Perception and definition of problems, needs, 
or opportunities 

1. Perception and definition of problems, needs, 
or opportunities 

} 

2. Specification of basic social and economic 
objectives, and development of associated 
planning guides and criteria including 
economic criteria 

2. Specification of basic social and economic 
objectives, and development of associated 
planning guides and criteria including 
economic criteria 

3. Basic biophysical, economic, social, and 
institutional analyses, and formulation of 
alternative watershed management plans 

Plans include resource management 
actions, implementation tools, and 
institutional and organizational 
arrangements 

Economic analyses include benefit-
cost analysis 

3. Basic biophysical, economic, social, and 
institutional analyses, and formulation of 
alternative watershed management plans 

Plans include resource management 
actions, implementation tools, and 
institutional and organizational 
arrangements 

Economic analyses include benefit-
cost analysis 

4. Review and evaluation of alternative watershed 
management plans and selection of preferred 
plan for execution 

Benefit-cost analysis plays a key role 

4. Review and evaluation of alternative watershed 
management plans and selection of preferred 
plan for execution 

Benefit-cost analysis plays a key role 

Figure 4. A generalized watershed management planning process. 
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shed management planning steps should be an 
important part of planning for regional rural 
development. 

Watershed management problems encoun
tered at the planning stage and the associated 
needs fo r research and i n f o r m a t i o n are 
grouped under seven headings. 

The Overall Planning Process 

Planning methodology. To provide timely in
formation for policymaking and program de
velopment, diagnostic methodologies are 
needed for rapid assessment of the biophysical 
and socioeconomic conditions of a watershed 
and to formulate and evaluate possible courses 
of action. Such rapid appraisal methodologies 
must be adaptable to the limited data and ana
lytical resources usually encountered in devel
oping countries. 

Local participation in planning. Watershed 
management projects usually involve the activ
ities and interests of many people who occupy 
and use the land or who are affected by such 
land uses. This is especially true in many up
stream watersheds where shifting cultivation is 
a common practice. Yet rarely are local groups 
brought into watershed planning because of 
the gulf that often exists between planners and 
watershed inhabitants (Lovelace and Rambo 
1985). The irrigation experience has shown 
that effective implementation of watershed 
management projects would be furthered by 
active participation of affected local groups at 
the planning stage. Studies are required to for
mulate and evaluate alternative approaches 
for involving local participants in planning, in
cluding disadvantaged groups and women. 

Land Use Assignments 

Assignment of watershed lands to suitable 
uses requires information both on existing 
land uses and on the inherent capability of 
land for various uses. Such assignments usu
ally involve a balancing of these two often com
peting factors. At one extreme, the inherent 
land capability of an undeveloped watershed 

based on biophysical factors such as geology, 
soils, climate, topography, and vegetation 
would be given great weight in making assign
ments to major land uses. At the other ex
treme, for a heavily populated watershed, such 
biophysical factors would be given less weight 
and existing conditions would receive much 
greater attention. Even here, however, these 
factors, often expressed in terms of biophysical 
limitations, might point to desirable land use 
shifts to slow down reductions in on-site land 
productivity and to reduce adverse off-site ef
fects such as f looding and sedimentation. 

Analysis of land capability. A n important tool 
in guiding land use assignments is a system for 
land capability classification. Al though a 
number of such systems have been developed 
and tested for temperate zone use, few are 
available for tropical and subtropical water
sheds in Asia, especially for uplands (Haderlie 
1985). There is a need for systems that can be 
applied under conditions of limited data and 
which are acceptable to various resource man
agement agencies in developing countries. 
Also involved is the carrying capacity concept 
(with varying amounts of inputs) as a possible 
aid in land classification. In addition, there is 
need for the standardization of definitions, 
units, and techniques of analysis. 

Experience with existing land uses. In some 
heavily populated watersheds, such as Java, the 
pattern of existing land use imposes severe 
constraints on achieving more suitable land 
uses as indicated by the land capability analy
sis. Yet where on-site and off-site damages are 
serious, some changes in land use may be so
cially and economically desirable. O f crucial 
importance at the planning stage is informa
tion on the experience with implementing 
land use changes in such critical areas. For ex
ample, experience may show that relatively 
modest changes from agriculture, including 
shifting cultivation, to ag'roforestry have been 
successful (Vergara 1985). Accordingly, stud
ies of actual experiences in implementing land 
use changes are needed as inputs to the plan
ning stage. 
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On-site Resource Utilization Actions and 
Management Practices 

Biophysical analysis of land productivity. Bio
physical information is needed to develop sus
tainable farming systems for the fu l l range of 
soil, topography, and climate encountered in 
tropical and subtropical regions. According to 
Haderlie (1985), "The farming systems appro
priate to steep slopes (50% and steeper) have 
not been adequately developed. . . . There is 
good evidence that sustainable silva-pasture, 
agroforestry and even limited annual cropping 
could be put in place on steep slopes, but a sub
stantial research e f fo r t to support this is 
needed" 

Biophysical and economic analysis of on-site ef
fects. There is need for site-specific methods of 
quantifying the on-site effects of long-term 
losses of soil and nutrients via erosion and 
leaching under various land uses and manage
ment practices. Even when such information is 
available, it is diff icult to translate into esti
mates of productivity losses and the associated 
economic effects. The economic consequences 
of soil erosion depend on management deci
sions and on such factors as rainfall intensity. 
Thus, models such as soil rating indexes devel
oped for temperate zone situations need to be 
adapted specifically to tropical and subtropical 
watersheds. 

Effective transfer of appropriate technology. In 
devising resource utilization plans such as 
cropping systems and management practices 
for soil erosion control, there is need to ana
lyze the transferability of the technologies to 
the affected rural groups, The willingness and 
ability of the people involved to adopt new 
techniques is related to the social and eco
nomic suitability of the technology and to the 
cultural characteristics of the people. Biophys
ical, social, technological, and economic evi
dence from experimental stations and "early 
innovators" is not always shared by less advan
taged groups or even by the majority of the 
population (Raintree 1983). Care must be 
taken to ensure that technologies are adopta-

ble by a majority of the group and especially by 
the disadvantaged. There is need for applica
tion of results of basic research in social and 
agricultural systems, so that technologies ap
propriate to the existing social structure are 
selected. 

Biophysical analyses of off-site effects. It is often 
difficult to identify and quantify off-site bio
physical effects of land uses and management 
practices in tropical and subtropical water
sheds. The ability to quantify the effects of up
stream land management practices on down
stream sediment yield and on water yield, qual
ity, and time distribution diminishes rapidly as 
one moves away f rom the upstream site. 

To deal with these problems at the planning 
stage, there is need for a site-specific network 
of measurement stations for streamflow dis
charge, water quality, erosion rates, and sedi
ment transport and delivery rates to provide 
the basic data. There is also a need for analyti
cal models to estimate the physical impact of 
alternative land use and management prac
tices that are appropriate for watersheds in 
tropical and subtropical regions. 

Also needed are methods of rapid identifi
cation for especially sensitive areas of water
sheds—that is, areas subject to mass wasting 
and high rates of erosion f rom cultivation, 
grazing, logging, and road construction. The 
linkages between hillslope processes and chan
nel processes are often neglected in studies of 
erosion and stability of forest lands. This is a 
key research gap in watershed management 
because the major costs to society f rom head
water degradation are the changes that occur 
in sediment quantities, water quality, and bed 
and bank processes in downstream channels 
(O'Loughlin 1985). 

Techniques for predicting sediment loads 
f rom upper watersheds and its distribution in 
reservoirs are limited. Methodologies for the 
rational extrapolation of both discharge and 
sediment rating relationships also are needed. 
In some cases given adequate data, sediment 
ratings can be extrapolated by the use of sedi
ment transport functions to calculate trans
port rates. 
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Fundamental biophysical principles of wa
tershed management including upstream-
downstream linkages are fairly well under
stood. A lack of local knowledge and data 
hinders the adaptation of resource manage
ment actions and practices to specific condi
tions so that they can be successfully inte
grated into land management systems. 

Assessment and economic valuation of off-site ef
fects. Even with adequate information on the 
off-site biophysical effects such as stream and 
reservoir sedimentation and water pollution, 
serious problems arise in quantifying and valu
ing the consequences on downstream fisheries, 
wildlife, agriculture, hydroelectric power pro
duction, irrigation water supply, domestic and 
industrial water supply, and f lood regulation. 
Also needed are physical response models for 
particular uses, such as sediment— fishery re
sponse models and better methods of eco
nomic valuation of the downstream physical 
responses to upstream activities. In partic
ular, improved methods are required for valu
ation of adverse effects on recreational re
sources and amenity values. Furthermore, 
studies are needed to determine the linkages 
or relationships between upland and lowland 
groups that may influence watershed manage
ment activities (see Russell and Nicholson 
1981, pp. 43-75). 

Off site Management Practices 

Problems of formulating appropriate off-
site management practices are closely linked to 
problems of quantifying and valuing the off-
site effects of upstream land management. 
Also, the economic justification for various 
off-site practices depends upon the relation
ship of the costs of the practices to the damages 
that such off-site practices would prevent. Ac
cordingly, models and analytical methods are 
needed to provide physical and economic in
puts to the design of off-site management 
practices. 

Implementation Tools 

Many problems arise in the implementation 
of watershed management plans, which could 

have been anticipated so that solutions could 
have been developed at the planning stage. 
Specific problems associated with implemen
tation tools, and related information and re
search needs are discussed in the implementa
tion section. 

Institutional and Organizational Arrangements 

Exis t ing insti tutions, organizat ional ar
rangements, including administrative or polit
ical boundaries often impose severe con
straints on implementat ion of watershed 
management plans. It follows that institutions 
and organizational arrangements should be 
considered as variables at the planning stage. 
In fact, if adequately understood and adapted, 
existing arrangements may offer important 
opportunities. The major institutional and or
ganizational problems that require informa
tion and research are discussed in the imple
mentation section. 

Overall Plan Formulation and Evaluation 

Both the underlying theory and the applica
tion of approaches to plan formulation and 
evaluation have been well developed for natu
ral resources in general and for water re
sources, including river basins, in particular. 
This is true for some developing as well as for 
developed countries. 

Specialized planning methodology. There is a spe
cial need for the adaptation of the planning 
approach to the realities of integrated water
shed management in developing countries. 
Upstream-downstream linkages are socioeco
nomic and political as well as biophysical. Eth
nic diversity is a common feature in many up
land areas of developing countries. Also, the 
mult iple objectives of watershed manage
ment—efficiency, equity, and natural re
sources sustainability—and the multiple uses 
for the land and water resources add to the 
complexity of the planning problem. Develop
ment of a specialized watershed planning 
methodology for developing countries and its 
trial application in specific watershed plan
ning projects are needed. 
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Flexible planning methods. Another aspect of wa
tershed management in developing countries 
concerns (1) the uncertainty that pervades the 
estimates and assumptions on which plans are 
based, and (2) the many actors involved in wa
tershed management, especially the large 
number of users of the land and water re
sources. These uncertainties point toward the 
need for plan flexibility and adoption of an 
implementation policy of "learning-by-doing." 
This will require early monitoring and evalua
tion with rapid feedback to watershed man
agers. Flexible planning and implementation 
approaches need to be developed and tested 
on specific watershed management projects 
(Easter and Gibbs 1985). 

Implementation 

Problems associated with implementation 
of watershed management plans result f rom a 
number of factors, including: (1) little or no lo
cal participation, (2) inadequate extension and 
technical assistance programs, (3) inadequate 
testing and development of resource manage
ment actions, (4) delays in the delivery of key 
inputs, (5) a fragmented government organi
zational structure, (6) confl ict ing interests 
among various actors, (7) inappropriate institu
tional arrangements, and (8) political bounda
ries unrelated to watershed boundaries. 
While this is only a partial list of reasons for 
inadequate watershed management, it high
lights the difficulties facing government o f f i 
cials and the need for better information, 
which research can provide. To improve imple
mentation of watershed management plans, 
research is needed in resource management 
actions, implementation tools, institutional 
and organizational arrangements, and evalua
tion and monitoring. 

Resource Management Actions 

Watershed management programs.involve a 
variety of resource management actions that 
are diffuse and generally occur over a long 
time period. In the simplest case, such pro

grams involve a set of well-understood man
agement practices. However, watershed man
agement programs are often more complex 
and involve significant changes in land use. In 
many cases the projects must include practices 
that not only protect soil and water resources 
but also offer increased opportunities and in
come for farmers. 

A n additional concern is with the transfer
ability of technology and the social and behav
ioral aspects of particular groups. T h e ability 
of people to adopt new resource management 
actions must be considered both at the plan
ning and implementation stages. It may not be 
clear until the implementation stage that peo
ple are having difficulty with new practices. 
Research is needed to determine i f flexibility 
can be built into a program so that practices 
can be adjusted or new implementation tools 
such as training and education programs can 
be developed. 

Roads in upper watersheds have a major im
pact on both the physical and social conditions 
of the watershed. O u r information on these 
impacts is largely f rom temperate areas. Since 
the effects of roads on soils and slopes in the 
tropics and subtropics are generally greater 
than in temperate zones, research is needed to 
measure these impacts under a variety of cli
matic conditions. The effect of roads on social 
conditions, particularly the impacts on migra
tion patterns in the upper watersheds, needs 
special research attention. 

Implementation Tools 

A task as important as selecting the appro
priate resource management actions is to de
termine how each will be implemented. A 
range of implementation tools, or policy in
struments, can be used (Hufschmidt 1971, 
Baumol and Oates 1979). These include regu
lations, prohibitions, taxes, subsidies, educa
tion, technical assistance, resettlement, in
creased o f f - f a r m employment , p r i c i n g , 
zoning, licenses, fines, grants, and direct pub
lic installation. T h e key task is to provide the 
appropriate incentives, economic and other-
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wise, and then make sure the users under
stand the management action and the incen
tives. T h e use of implementation tools must be 
as carefully planned as the various manage
ment practices that are to be installed. 

Resettlement experience. Because one of the im
portant concerns for many watersheds in Asia 
is the pressure of population on the natural 
environment, land resettlement programs 
have been tried in a number of countries. A n 
evaluation of this resettlement experience is 
needed in countries such as Indonesia and Sri 
Lanka. Studies should compare the results un
der different levels of population pressures, 
employment rates, land resettlement opportu
nities, and adjustment problems.These stud
ies can help establish guidelines for resettle
ment programs in upper watersheds. 

Incentives for implementation. Two basic prob
lems in upper watersheds involve economic in
centives and the need to design implementa
t ion tools that wi l l apply the appropriate 
incentives. First is the difference between the 
small-scale or low-income farmer's need for 
short-term soil exploitation to obtain a mini
m u m subsistence and society's interest in 
maintaining long-term soil productivity and 
land resource stability. T h e second key prob
lem is the difference in benefits and costs re
ceived by upstream cultivators whose actions 
generate high rates of soil erosion and down
stream interests who experience the mostly 
negative sedimentation impacts. The research 
problem is to develop, test, and evaluate alter
native implementation tools to determine how 
best to deal with these problems. 

Extension and training. Training and extension 
methods need to be developed to provide ef
fective field-level change agents for imple
menting watershed management projects. 
Specific research and extension needs include 
determining how to: (1) identify existing re
source management systems and rural condi
tions quickly and reliably; (2) assess the pro
ductivity of farming and agroforestry systems, 

especially for staple food crops; (3) identify or 
devise technologies that raise household pro
ductivity; (4) identify the skills needed by 
change agents to interact effectively with the 
local community; (5) simplify and apply the 
analytical tools of production economics to up
land farming and agroforestry systems, based 
on farmer information, to ensure program ef
ficiency and to monitor change; and (6) de
velop methods to effectively demonstrate wa
tershed management benefits to watershed 
residents. 

Local environmental education. A related research 
project is to develop an effective and accept
able procedure for environmental education 
among the hil l or upland people of Asia who 
tend to be isolated and separated from the rest 
of society. Educational materials must use 
terms that are understandable. The delivery 
system must reach the hill people in their vi l 
lage settings, allowing for a two-way flow of in
formation. Dani (1985) suggests that a starting 
point for research might use the following 
steps: 

1. Determine farmers' perceptions of envi
ronmental resources and the largest so
cial group with which they identify. 

2. Discuss with farmers the nature of ecolog
ical processes and do a joint evaluation 
of alternative strategies for resource con
servation. 

3. Examine with farmers the highland-low
land interactive ecological problems and 
the lowland policymakers' perceptions of 
ecological problems. 

4. Jointly evaluate the various programs for 
development that would require water
shed management actions. 

5. Review with farmers the pros and cons of 
various watershed management actions 
and assess the possible benefits to them 
and to lowlanders. 

6. Develop a joint management strategy for 
implementation and maintain a dialogue 
concerning the ongoing process of envi-
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ronmental education and the success of 
the strategy. 

To be truly effective the process would have 
to be flexible, and a similar dialogue would be 
necessary between lowlanders and decision
makers. In that case, the roles of lowlanders 
and the uplanders would be reversed (Dani 
1985). 

Location-specific information. Research should 
be conducted to determine what local infor
mation is needed during the implementation 
stage and how that information can best be 
collected. These comparative studies would 
involve: (1) traditional resource management 
systems and environmental knowledge; (2) en
vironmental awareness of watershed occu
pants and how their awareness levels can be 
raised; (3) socioeconomic and political charac
ter of watershed communities and the bounda
ries of their influence; (4) biophysical charac
teristics of the upper watershed; (5) resource 
tenure, and security of access to resources; (6) 
nature of farming and agroforestry systems, 
especially the annual cycles and productivity 
trends of staple food crops; and (7) the actual 
distribution of project benefits and costs as 
compared with the expected distribution. 

Institutional and Organizational Arrangements 

Institutions are collective conventions and 
rules that establish acceptable standards for 
individual and group behavior, reducing indi
vidual uncertainty concerning the actions of 
others (Bromley 1982). Organizat ional ar
rangements involve how firms or government 
agencies achieve goals; this includes how a cen
tral planning agency decides to implement an 
irrigation project or how a ministry of power 
and irrigation decides to allocate water for ir
rigation rather than for power generation. In
st i tut ions also help def ine organizat ions 
through laws and administrative decisions, 
which establish principles and guidelines for 
their formation and conduct. 

Institutional and organizational arrange
ments often have been neglected in project 

planning and implementation. When a pro
posed project will significantly change land 
use, it will have a major effect on the area's in
stitutional arrangements. To ignore these ef
fects usually condemns the project to poor 
performance or outright failure. 

Legal framework. There is a dearth of informa
tion available on the formal legal framework 
under which watershed projects are planned 
and implemented. Traditional land use rights 
are seldom well documented, appreciated, or 
understood. Work should be directed into ex
ploring legal foundations for effective land 
and water resource management on a country-
by-country basis. The existing legal and policy 
instruments that affect land use must be eval
uated to determine what incentives they pro
vide for alternative land uses. Finally, institu
tions that encourage the desired land use and 
help mediate conflicts arising f rom competing 
land rights and land use patterns must be de
veloped. 

In addition, security of land tenure for wa
tershed occupants is necessary i f occupants are 
to conserve and protect the watershed. Very 
little research indicates how best to provide 
this security and to evaluate the response of 
farmers to different levels of security (Saplaco 
1985). In some cases a form of private owner
ship will likely be appropriate, but in others 
community ownership works best. Alternative 
property rights need to be tried and evaluated 
under different socioeconomic conditions. 

Local participation. As mentioned earlier, par
ticipation by target beneficiaries in both the 
planning and implementation of rural devel
opment projects is recognized as a necessary 
but not a sufficient condition for success. Re
source management projects that do not in
clude local participation f rom an early stage 
generally fail to produce the desired results. 
However, some aspects of watershed manage
ment, such as negative downstream effects, are 
unlikely to be considered by upper watershed 
residents, and the management agency must 
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maintain responsibility for basin-wide interac
tions. 

Participation by watershed occupants in 
planning, designing, implementing.and evalu
ating watershed management projects will re
quire information about organization at three 
levels: (1) the policy level, making the partici
patory approach legitimate; (2) the agency 
level, organizing people to facilitate participa
tion; and (3) the village level, organizing peo
ple to solve local problems and to become 
more involved in the choice and implementa
tion of projects. 

Important research topics include deciding 
how to build local capacities for implementa
tion of watershed management projects, which 
can further the sustainability objective; pin
pointing the obstacles to effective participa
tion in watershed management at the policy, 
agency, and village levels, examining the les
sons of successful participatory approaches 
used in natural resources management or ru
ral development that may be applicable to wa
tershed management, and d e t e r m i n i n g 
whether certain activities and tasks are best 
performed using participatory means; deter
mining what we can learn from existing (or his
toric) traditional systems of resource manage
ment that may be applicable to watershed 
management; and analyzing how we can help 
bureacracies to become enablers of local action 
i f that is the appropriate strategy. 

Management approaches. Analysis of available 
management approaches is needed with spe
cific concern for the organizational and ad
ministrative problems. T h e analysis should 
consider organizational structure, leadership, 
communications, authority, and flexibility. 
These factors should be related to: (1) the type 
of project under investigation (single purpose 
or multi-purpose and single agency or multi-
agency), and (2) the effectiveness of the project 
in meeting the goals of both the agency and 
the watershed occupants. One general ques
tion that needs to be answered is under what 
circumstances is it best to use central water
shed-based authorities for implementation 
versus local (political) administrative units? 

Watershed management programs and activi
ties need to be linked with other forms of rural 
development that focus on related problems. 
The techniques developed in implementation 
research should be used in this analysis (Easter 
and Gibbs 1985). Finally, the results o f case 
studies should be synthesized in order to draw 
out the most important common conclusions 
and implications for future project planning 
and implementation. 

Involvement of other organizations and groups. 
Participation in watershed management pro
grams usually focuses on government agencies 
and personnel, the research community, and 
members or segments of the targeted popula
tion. This focus frequently overlooks other or
ganizations whose involvement can make a 
positive contribution. 

Two particular groups deserving attention 
are nongovernmental organizations (NGOs) 
and private/commercial firms. NGOs can be 
of many different types, ranging f rom associa
tions of resource-consuming industries to 
charitable and religious/missionary groups. 
Analyses are required to identify which NGOs 
exist and are appropriate for assisting in plan
ning, implementing, and evaluating particular 
watershed programs. 

The private/commercial sector can also play 
a positive role in the long-term, sustained solu
tion of such problems as deforestation. Re
search is needed to determine how watershed 
management policies will encourage or discour
age involvement by this sector. Consideration 
must also be given to the types of incentives that 
will encourage the private/commercial sector to 
be positively involved in the planning and im
plementation of watershed management pro
grams. 

Evaluation and Monitoring 

If a "learning-by-doing" approach to project 
implementation is adopted, evaluation and 
monitoring (assessment) become a continuous 
process to provide feedback to field-level im-
plementers and managers at headquarters. 



Implementation should not rigidly follow a set 
plan established at the planning stage but 
should change in response to informat ion 
gained f rom assessment and evaluation. 

Evaluation for management. How can assess
ment and evaluation best be incorporated into 
the management structure to achieve effective 
implementation of watershed-related pro
jects? What is needed is a system in which the 
i n f o r m a t i o n is effect ively communica ted 
among villagers, f ie ld workers, and agency 
managers. Proper design of watershed man
agement plans for.achieving a fu l l range of 
physical, economic, and social objectives re
quires an understanding of existing social con
ditions and the opportunities and constraints 
posed by these conditions. These objectives 
need to be explicitly integrated into the water
shed management plans and specific strate
gies developed for implementation and ade
quate monitoring. 

Additional questions are involved in incor
porating evaluation with ongoing manage
ment. What particular constraints are in
volved in using evaluation as a "learning tool" 
in management? What evaluation methods 
are appropriate under d i f fe ren t c i r cum
stances? What information is most important 
at each level of project activity, and how should 
this information be reported? How can the 
maintenance of a community-level data base 
aid in the evaluation and assessment task? 

Measuring soil productivity and downstream 
damages. How can better techniques be devel
oped to measure and incorporate the impacts 
of soil erosion both on downstream areas (off-
site) and on soil productivity (on-site) in water
shed evaluation and monitoring systems? For 
a given watershed many different types of 
downstream damages can occur. In addi
tion, some of these damages will be cumula
tive, while others relate closely to major rain
fall events. 

Policy Research Issues 

Development and food policies. A number of 
broad development and food policies can in

fluence watershed management; these in
clude migration, employment, populat ion 
growth, food production, and incentives for 
private sector activities. For example, a coun
try may pursue an all-out policy of increasing 
food production that works against a water
shed management program trying to reduce 
soil erosion with agroforestry practices. Thus 
research is needed to study the effects of dif
ferent development and food policies on the 
implementation and success of watershed 
management programs. How do migration 
and population growth policies help or hinder 
watershed management efforts? How can re
gional growth and employment policies help 
reduce population pressure in upper water
sheds? Wil l the results of these policies be too 
far in the future to be of any help? 

Separate sector policies. Countries have tended 
to develop individual policies and relatively 
autonomous agencies for each natural re
source sector—forestry, agriculture, irriga
tion, energy, mining, fisheries, and wildlife. 
The problem is that many of these policies are 
either fragmented or inconsistent. For exam
ple, the upstream mining policies in the Phil
ippines are in conflict with energy and irriga
tion policies. This suggests the need to (1) re
view the individual resource sector policies 
(e.g., agricultural policy) for consistency with 
national resource management objectives, in
cluding those for watersheds, and (2) study the 
various natural resource management policies 
to determine how inconsistencies can be re
duced. It is particularly important to under
stand exactly how resource use activities in up
stream areas influence downstream uses. 

Another area of potential conflict is the dif
ference among local, regional, and national 
purposes for watershed management. Local 
participants tend to concentrate on the on-site 
effects and tend to ignore important off-site 
effects. The regional (river basin) and national 
purposes must be recognized so that these off-
site effects can be taken into account. Local 
residents may be resistant to any practices that 
are primarily to help the urban population. 
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A r e there implementation tools and incentive 
systems that will overcome this resistance? 

Finally, in policy terms, the importance of the 
implementation stage of program management 
has to be fully recognized. In watershed man
agement programs a key element in implemen
tation is flexibility. This strategy must be incor

porated in the planning stage so that managers 
are not left with practices and incentive systems 
that do not work or need to be greatly refined. 
Research on flexible planning methods, local 
participation, and local information systems 
will provide some important insights into the 
question of program flexibility. 

RESEARCH APPROACHES 

A number of approaches can be used to ob
tain the necessary information to improve wa
tershed management. One of the important 
considerations will be how to improve research 
capacity of each country. Currently watershed 
management research is a neglected topic, and 
most Asian countries have only limited re
search capabilities to work on watershed prob
lems (FAO 1982). Thus there should be sup
port for research in universities, research 
institutions, and similar organizations within 
Asian countries. Research activities of the type 
being started by the International Centre for 
Integrated Mountain Development (IC1MOD) 
and by the Association of Southeast Asian Na
tions ( A S E A N ) - United States Watershed Pro
ject should be supported and expanded. These 
types of organizations can be of particular im
portance in establishing networks and studying 
watershed management problems that cut 
across national boundaries. They can also act as 
facilitators and coordinators in their regions. 

Past research on watershed management 
has tended to consist of piecemeal responses to 
problems. This approach provides useful in
formation, but the nature of the problem sug
gests a more vigorous and integrated effort. 
Investments must be made to increase re
search capacities and to start new integrated 
research projects, while efforts are made to re
direct some of the ongoing research. 

Biophysical information and research must 
be organized and presented so that it is readily 
used by planners, economists, and decision 
makers and can be integrated with economic, 
social, political, and institutional studies. The 
emphasis should be on watersheds where fu 

ture development is anticipated so that infor
mation is available before decisions concern
ing development have to be made. 

The types of technical relationships needed 
for watershed analyses vary but should relate 
the watershed condition and management 
actions to physical outputs that haye meaning 
in economic, social, environmental, or man
agement terms. Even more important than the 
biophysical relationships is the information 
concerning the economic, social, cultural, po
litical, and institutional situation. It is this lat
ter information that is needed to develop strat
egies and activities to provide solutions that 
are acceptable to local people and institutions. 
However, to obtain these results will require a 
redirection of research efforts. 

The Approach 

Selected integrated case studies can be an 
effective approach particularly in the legal, 
policy, economic, institutional, and organiza
tional fields. Research should be based on the
ory and not be merely descriptive. For the case 
study approach to be effective, the cases 
should involve five elements: 

1. Refinement of conceptual frameworks, 
models, and methodologies for interdis
ciplinary analysis of the behavior and 
performance of biophysical, social, eco
nomic, institutional, and organizational 
elements of watersheds. T h e starting 
point could be the conceptual model dis
cussed earlier in this report. 
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2. Formulation of testable hypotheses and 
researchable questions with respect to re
lationships among the physical, biologi
cal, social, economic, political, institu
t iona l , and o rgan iza t iona l factors 
operating in the concerned watershed. 
Again , the section on research issues 
would be the starting point. 

3. T h e collection, analysis, and interpreta
tion of information on actual experience 
with resource management actions, im
plementation tools, and institutional and 
organizational arrangements in water
sheds. 

4. Devising measures to test the feasibility, 
adaptability, and transferability of re
source management actions and imple
mentation tools to particular watershed 
situations. 

5. Devising appropriate measures for moni
toring the performance of watershed 
management implementation, including 
ex-post analysis, and for obtaining feed
back concerning changes in practices, 
tools, or institutions. 

Case studies should examine past experi
ences and progress of ongoing projects in de
veloping countries. Special attention should be 
given to successful projects so that there is a 
careful analysis and documentation of what 
has worked. In addition, problems and con
straints should be identified and studied to de
termine where the greatest difficulties are 
likely to arise. Finally, the research should de
velop an overall picture of past experiences, in
cluding the key opportunities, constraints, and 
lessons to be learned from experience with 
past watershed projects. 

Any such research must be a collaborative 
effor t where researchers f r o m developing 
countries work directly with those from devel
oped countries. Researchers and research in
stitutes in developing countries must play a key 
role since they will continue the work over the 
long haul. To be successful, the research effort 
must be a long-term program (10 to 20 years) 
to build research and institutional capacities. 

Another research approach is "action re
search" where researchers actively participate 
in planning and implementing a watershed 
management project. This approach has been 
supported by U S A I D in its work in irrigation 
water management. T h e emphasis is on re
search results which can change the operation 
of an ongoing project as research is conducted. 
It is different f rom traditional case studies, 
which tend to look at completed projects and 
develop information solely to improve future 
projects. Both kinds of research are needed 
and would involve the five elements suggested 
for case studies. 

A related strategy would be to use a pilot 
project approach in which watershed manage
ment practices are tested under actual field 
conditions before the fu l l project is imple
mented. This would mean selecting a trial area 
in the watershed and having villagers use these 
management practices and cropping systems, 
including trees and grasses. Different tools 
would be used to induce the villagers to adopt 
the desired measures. Such approaches would 
help to build solid causal theories for water
shed management projects and strong local 
political support. 

The pilot stage may have to be preceded by a 
research program that would design and test 
alternative cropping or agroforestry practices 
and systems. Once some of these systems are 
developed, the pilot plan could begin. Until 
these practices and systems can be tested un
der actual farming and forestry conditions, 
full-scale watershed management project im
plementation should not start. 

In some situations, farmers will need to be 
shown that the new practices are actually prof
itable. For these cases, a combination of pilot 
project, technical assistance, and training may 
be necessary. Thus the first phase of the pro
ject's implementation might be a pilot project 
along with staff training. Farmers could also 
receive training at the pilot project stage. 

A fur ther consideration in research ap
proaches is the involvement of local people in 
the research. Where possible, they should be 
active participants in the research, rather than 
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merely subjects of research. In this way, vil
lagers will feel that they are part of the solu
tion rather than merely part of the problem. 
The involvement should start as soon as possi
ble, even at the planning stage of the research. 
Local people may have objectives and infor
mation needs that, when added to the research 
effort, will increase their interest in the study. 
Local involvement is essential when research is 
being conducted concerning local information 
systems, training, extension, environmental 
education, and incentive systems. 

A n important part of any watershed man

agement research effort is concern for the dis
semination of results. Special efforts and fund
ing are needed to facilitate the exchange of 
information among researchers and between 
researchers and decision makers. This can be 
done through research networks, workshops, 
and training programs. Regional organiza
tions such as A S E A N and 1CIMOD should play 
an important role in this type of information 
transfer. The East-West Center, with its experi
ence in sponsoring workshops and training 
programs on Asian and Pacific problems, can 
also play a role throughout the region. 

SYNOPSES OF WORKSHOP PAPERS* 

An Overview of Watershed Management 
Research Needs 

Integrated Watershed Management in Asia and 
the Pacific 
K. William Easter and Kenneth N. Brooks 

Among the most important problems facing 
the countries of the region are the need for a 
continued increase in agricultural production 
to meet rising food demands, the management 
of forest and fuelwood resources, and the con
trol of excessive soil erosion that is silting reser
voirs and irrigation systems, exacerbating low
land flooding, and depleting the productivity 
o f upland areas. The use of the watershed as 
the management unit in both the planning 
and implementation stages can aid in efforts to 
overcome these challenges. The use of a water
shed approach is by no means new and is in
creasingly taking hold in Asia. The application 
of the concept usually focuses on managing 
the upper reaches of river basins. There are 

few examples of its use in the context of fully 
l inking upland and lowland development. 

The approach has proven diff icult to use in 
the past for reasons concerning the nature of 
the resource management problems that it 
seeks to mitigate. Most management activities 
conducted in watershed-based projects, such 
as soil conservation practices or reforestation 
efforts, are spatially and temporally diffused. 
Since their immediate returns are not appar
ent, and most benefits accrue during a longer 
term, the political and financial attractions of 
such activities are limited. 

However, based on existing knowledge of 
the interactions among natural resources, hu
man resources, and social institutions in tropi
cal and subtropical watersheds, one can con
clude that management problems are both 
formidable and in need of immediate atten
tion in many locations. Research has shown, 
for example, that large floods are nearly inevi
table but may be further aggravated by river 
sedimentation and channelization; the quality 

"Not all authors of papers had an opportunity to comment on these synopses; responsibility for any inaccuracies is assumed by the 
authors of this report. Some of these papers will appear in altered form in a forthcoming book, Watershed Management: An Interdisci
plinary Approach, edited by K. William Easter, John A. Dixon, and Maynard M Hufschmidt. For more information on the book, 
contact the East-West Center. For original versions of the workshop papers, contact the authors (see List of Participants). 
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of water in streams, rivers, and lakes and of 
groundwater can be drastically altered by wa
tershed disturbances; and erosion and sedi
mentation are closely related to soil cover and 
are interrelated with changes in hydrologic 
processes. Unfortunately, these biophysical 
data are seldom produced in usable formats 
for decision makers. 

Research relating to the implementation of 
watershed projects, the institutional context 
within which projects are implemented, and 
the economic criteria used to evaluate projects 
is much less developed than the biophysical 
knowledge. A greater understanding of the in
stitutional arrangements, which can inhibit or 
facilitate implementation of watershed man
agement activities, is needed. Strong evidence 
indicates that a key element missing from most 
rural resource management and development 
programs has been a clear mechanism for en
suring the participation of local communities 
in the planning and implementation process. 

Three recent E A P I workshops focused on 
the linkages between research and effective 
watershed management. The first workshop 
investigated the role of natural systems assess
ment as a tool for policymakers and showed 
how technical information and knowledge can 
be used to generate policy alternatives for re
sources management. The second workshop, 
on river and reservoir sedimentation, stressed 
the need for analytically based case studies to 
provide guidelines for watershed manage
ment. The third workshop considered the ef
fects of forest land use on erosion and slope 
stability and stressed soil management over 
tree maintenance as a key to improved upper 
watershed management. 

The majorcauses of these resource manage
ment problems stem from greatly increased 
demands for land and land-based products. 
Very large development projects are often im
plemented without adequately accounting for 
their adverse impacts, such as soil erosion 
caused by road construction. Few efforts to 
quantify damages are available and while the 
fundamental principles behind erosion and 
sedimentation are understood, specific data 

f rom Asia and examples linking hillslope and 
channel processes are lacking. Finally, a seri
ous undersupply of trained people to support 
management activities and multiple objective 
planning, and a need for greater political will 
to conduct such planning, are still cri t ical 
problems. 

The time is right to initiate an integrated in
terdisciplinary research and training effort on 
watershed management in Asia and the Pacific. 
Such an effort should be based on learning 
from past experience and knowledge, which 
then should be incorporated into ongoing and 
future programs and projects. It must be inter
disciplinary, using methods capable of combin
ing the most rigorous analysis of many disci
plines. This major effort must also be long-term 
and collaborative, ideally on the same order as 
the program to develop Asian agricultural uni
versities during the 1950s and 1960s. 

The Watershed as a Management Unit and a 
Conceptual Framework for Integrated 
Watershed Management 

The Watershed as a Unit for Planning Rural 
Development Projects 
Lawrence S. Hamilton 

The choice of administrative boundaries for 
planning and implementation of rural devel
opment programs and projects is not an idle 
concern. Boundaries must be relevant to the 
principal planning issues, cover sufficient nat
ural and social linkages to operate as a func
tional unit, and allow objective plan imple
mentation. They may be defined on the basis 
of administrative, economic, social, political, 
vegetative, or topographic factors or some 
combination of these. 

Under certain circumstances, a watershed 
can serve as the most appropriate unit for 
planning rural development programs and 
projects. Where interactions among land, wa
ter, climate, and people are the major focus of 
development, the watershed appears to have 
many advantages as a unit, since these interac
tions are most strongly expressed within its 
boundaries. 
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Several criteria may be used to evaluate the 
appropriateness of the watershed unit. T h e 
kind of development envisioned—especially 
the extent to which control or management of 
water resources is involved—can be an impor
tant indicator. The watershed should also be 
distinguishable f rom other units on the basis 
of its providing sufficiently strong linkages 
among economic, social, political, and natural 
systems. The development envisioned should 
largely be contained within the river basin 
with a minimum of leakages in either biophysi
cal or social terms. T h e topography must allow 
for an adequate definition of the watershed 
boundaries. The institutional and organiza
tional arrangements should either exist or be 
developed to support the use of a watershed as 
a management unit. Finally, the unit is easier 
to use in areas where the economic and social 
systems remain relatively simple and confined 
within a spatially constrained area. 

T h e watershed is capable of integrating nat
ural and social systems to effectively plan and 
manage rural development programs and pro
jects. It captures the major biophysical pattern 
of downstream water flow, the process of 
downstream energy flows in the form of ki
netic energy to be tapped for hydropower, and 
the transfer of nutrients, sediments, and pol
lutants. The watershed boundary can also cap
ture many significant social system linkages— 
especially in developing countries where 
upland-lowland and valley-to-valley differ
ences in ethnic groups and economic speciali
zation occur. In rural areas social systems are 
interwoven with ecological systems, and eco-
logic processes are highlighted in watershed 
planning. 

Finally, while the watershed has great valid
ity for planning under many circumstances, 
the institutional and organizational arrange
ments necessary for the use of the watershed 
in the implementation phase of the manage
ment process are seldom in place. T h e man
agement unit for water use and for human ser
vices (i.e., the farm, a state forest, an ethnic 
community's boundaries, or a political district) 
is seldom coterminous with the hydrologic 

unit. This creates an inherent challenge for 
the use of watersheds in the implementation 
stage. Planners should suggest the various im
plementation strategies and those appropriate 
groups, power structures, institutions, and 
management units that appear to be the most 
likely candidates for change to aid in the use of 
the watershed unit. Continuous information 
exchange and education concerning the basic 
validity of the watershed as an integrating unit 
will always be required. 

Watersheds as Functional Regions: A Case Study of 
the Hawaiian Akupuaa 
Joseph R. Morgan 

A n example of the validity of using water
sheds as planning units for rural development 
can be found in the ancient Hawaiian land use 
system. A most important unit of land was the 
ahupuaa, a functional region with boundaries 
determined by topographic divides that sepa
rated individual drainage basins or watersheds. 
The ahupuaawas both a natural region in which 
there were sufficient resources to completely 
sustain the community inhabiting it and a polit
ical division under the control of a chief. The 
chief, or alii, was thus both environmental man
ager and political ruler. Since the aliis were de
pendent on the product of the land and its sus-
tainability, and were also bound by a number of 
sensible rules (kapus) that had evolved over 
hundreds of years, they tended to manage the 
resources prudently. T h e ahupuaa system 
worked exceptionally well for the subsistence 
societies of pre-contact Hawaii. 

T h e system began to break down after 1778, 
when Captain James Cook opened the islands 
to Western influence and introduced the Ha-
waiians to a t rading economy that subse
quently supplanted their former subsistence 
economy. The breakdown was accelerated by a 
general loss of faith in the kapus, which also 
were religious in nature, and a shift f rom a feu
dal system of land use to one based on individ
ual ownership of land. Finally, a Western-style 
government, in which administrative units no 
longer coincided with the watersheds, evolved. 
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Although it operated in a subsistence econ
omy, the ahupuaa system of land use—with its 
attendant management of resources for sus
tained productivity—provides lessons that can 
be valuable to today's environmental and polit
ical leaders. 

A Conceptual Framework for Analysis of Watershed 
Management Programs 
Maynard M. Hufschmidt 

As an aid in classifying the important prob
lems and issues that face watershed manage
ment projects and programs, a conceptual 
framework for watershed management is sug
gested. To accommodate watershed manage
ment, defined as the process of formulating 
and implementing a course of action involving 
manipulation of the natural system of a water
shed to achieve specified objectives, the frame
work is designed with three elements. 

T h e first element is concerned with the 
manner in which discrete projects are planned 
and implemented. From this perspective, wa
tershed management can be thought of as a se
quential process of separated but linked stages, 
namely, planning, design, installation, opera
tion, and maintenance. In addition to this lin
ear sequence, moni tor ing and evaluation 
mechanisms provide feedback of information 
to allow for improvements in project planning 
and implementation. In the second element of 
the framework, watershed management is 
perceived as a planned system consisting of 
management actions, implementation tools, 
and institutional arrangements. Here the em
phasis is on drawing clear distinctions among 
things to be done, ways of getting them done, 
and the agency, legal, traditional, and other in
stitutional and organizational bounds that 
make up the context in which the planned sys
tem must operate. T h e third element of the 
framework approaches watershed manage
ment from the standpoint of the activities and 
tasks that are to be planned and implemented. 
These activities consist of land use assign
ments, on-site resource utilization and man
agement practices, and off-site management 
practices. 
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T h e three dimensions of the conceptual 
framework may be combined to define 45 dis
crete tasks in watershed management, but in 
practice it may be more manageable to deal 
with one or two of the dimensions in isolation. 
T h e framework provides a useful checklist 
both for analyzing planning and implementa
tion tasks and as a guide for ex-post analysis. 
Whether used as a planning or diagnostic tool, 
the framework highlights the importance of 
considering the role of institutions and organi
zations in watershed management. 

Biophysical Principles for Integrated 
Watershed Management 

Multiple Use Implications of Watershed 
Management 
Peter F Ffolliott 

Multiple use is cited as a guiding principle in 
many discussions of watershed management. 
However, while there has been little difficulty 
in gaining acceptance of the multiple use con
cept, it has had less success as a working tool of 
watershed management. T h e multiple use 
concept may be area-oriented and applied to 
units of land or it may be resource-oriented 
and applied to particular natural resources. 
When applied to land units, it refers to the 
production and management of various re
sources on a specific land management unit. 
When applied to a particular natural resource, 
multiple use refers to the utilization of a re
source for various purposes. 

T h e basic objective of multiple use is to 
manage the natural resource complex for the 
most beneficial combination of present and 
future uses. Three overlapping options for 
multiple use management of watersheds are 
concurrent and continuous use of watershed 
resources; alternating, rotating, or combining 
resource products; and/or geographic separa
tion of resource uses. 

Problems with the application of multiple 
use planning in watershed management stem 
in part f rom the resource-oriented bias of 
planners relative to the area-oriented con
cerns of implementers. In addition, the'need 



to have estimates of natural resource produc
tion and to express the internal and external 
benefits and costs of a land management sys
tem present particular challenges to the appli
cation of multiple use principles in watershed 
management. 

Despite these challenges, the multiple use 
framework can be used to provide watershed 
managers with an array of economic relation
ships designed to aid decisions. However, it 
should also be anticipated that there may be 
policy and institutional issues that must be 
resolved before a land management system 
becomes operational within a multiple use 
context. 

The Potential Role of Agroforestry in Integrated 
Watershed Management 
Napoleon T Vergara 

Significant populations of upland farmers 
located in upper watersheds of Asia must be 
accommodated both now and into the future. 
Both lowland farmers displaced by population 
pressures and upland ethnic communities are 
reluctant to move f r o m upper watershed 
catchments. Unfortunately, farming practices 
of these populations, under increasing land 
pressures, are leading to a greatly increased 
scale of land degradation in the uplands. At
tention should be focused on formulating land 
use strategies that can make feasible and ac
ceptable the use of these uplands by farming 
communities. This paper proposes that agro
forestry systems—combined forest ry/food 
crop farming—meet these criteria and repre
sent an important potential land use pattern 
for upland watershed areas. 

Among the several candidates for upland 
land use systems, including forests, food crop 
farming, and pasture-grasslands, agroforestry 
has some significant advantages. Properly de
signed and maintained, systems combining tree 
and food crop cultivation can provide slope sta
bilization and erosion control while producing 
crops in demand by subsistence farm families. 

Agroforestry systems can maintain the produc
tivity of upper watershed land resources 
through reducing the export of plant nutrients, 
minimizing erosion and runoff losses, increas
ing the rate of natural nutrient inputs through 
the use of nitrogen-fixing trees and food crops, 
and the judicious use of fertilizers to add nutri
ents from outside of the system. 

Sustainable agroforestry systems, by mak
ing possible continuity of upland production, 
could eliminate many reasons for resettlement 
of upland farmers. There is evidence that 
where former swidden cultivators have been 
allowed to choose their own mix of tree and 
seasonal crops, agroforestry systems can offer 
an acceptable sedentary alternative to shifting 
agricultural practices. Research studies also 
show the long-term economic viability of many 
agroforestry systems. 

Significant challenges remain in further ex
tending the use of agroforestry systems as up
land land use alternatives. Forest administra
tors remain largely opposed to nonforestry 
uses of upper watersheds, but many are begin
ning to understand the need to deal with peo
ple as well as trees. Land tenure insecurity will 
continue to inhibit the viability of agroforestry 
systems for some time to come. The inaccessi
bility of upland areas, perishability of many ag
roforestry products, and small production 
scale associated with agroforestry systems cre
ate marketing problems that further constrain 
their viability. Efforts to include local commu
nities in the design of agroforestry systems will 
need to be increased i f technology adoption 
problems are to be overcome. 

Needs for further research to support these 
efforts can be divided into two categories. Bio
physical research should focus on the identifi
cation of areas suited to agroforestry, on the 
consequences of its use, on design of viable sys
tems, and on the systems' relationships to 
broader watershed management objectives. 
Socioeconomic research should concentrate 
on adoption constraints, economic viability of 
systems, and the interaction between local and 
regional management objectives. 
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Economic, Behavioral, Social, and Institu
tional Factors in the Planning and Imple
mentation of Integrated Watershed Manage
ment Projects 

Economic Aspects of Integrated Watershed 
Management 
John A. Dixon and K. William Easter 

There is a natural logic to the watershed as 
an organizing unit for physical and hydrologi-
cal analysis stemming f rom the unidirectional 
flow of cause and effect relationships. Like
wise, there is a strong economic logic for the 
use of the watershed as an analytical unit. This 
follows f rom the flow of physical factors and 
the fact that actions in one part of the water
shed can have effects on another, sometimes 
distant and usually downstream, part of the 
watershed. 

A key role of economic analysis in the water
shed approach is to identify and then internal
ize externalities (i.e., where some of the bene
fits or costs of an action are received or borne 
by individuals who are not involved in deci
sions relating to the action). Most of the bene
fits or costs of decisions can be included in the 
analysis when the watershed unit is used, since 
most of the externalities are internalized 
within its boundaries. 

Economic analysis of a watershed project or 
plan will usually be done in a benefit-cost or 
project evaluation framework. A financial anal
ysis may be conducted in which only those ben
efits or costs that directly affect individuals or 
firms are considered. Alternatively, an eco
nomic evaluation may be made in which exter
nalities are included, and benefits and costs are 
counted as they affect society's welfare. Such 
analysis often indicates that policy actions and 
the development of institutional and organiza
tional arrangements are needed to make the 
project both financially and economically prof
itable. Institutions or administrative proce
dures must often be established so that people 
upstream, for example, can gain from actions 
taken to benefit people downstream. 

Certain evaluation techniques aid in the ef
fective analysis of watershed projects. A cost-
effectiveness approach may be used to compute 
the cheapest way to achieve a predetermined 
goal when the volume or value of benefits f rom 
this goal is difficult to estimate. With and with
out analysis compares the situation that will 
likely occur if the project is implemented with 
the no-project situation. Ex-ante analysis pro
vides assistance in decisions relating to alterna
tive actions before the project is built, while ex-
post analysis allows us to learn f rom experience 
after the project is operating. Discounting, an 
essential component of benefit-cost analysis, 
provides a mechanism whereby benefits and 
costs that occur at different points in time may 
be compared and weighted. Many techniques 
for the valuation—quantification and moneti-
zation—of the various inputs and outputs of 
watershed-based projects exist, and innovative 
approaches are rapidly developing. Sensitivity 
analysis is a useful means for identifying critical 
assumptions in watershed management plans. 

While economic analysis is only one part of 
the watershed management process, it is im
portant to have the economics of the project 
clearly defined. The use of both financial and 
economic analysis is crucial to this process. 
New procedures for valuing project benefits 
and costs make the analysis much more com
prehensive, and this is aided by the use of the 
watershed as the unit for analysis. A critical 
gap, however, remains in our quantification of 
the downstream impacts of upstream resource 
uses, and a concerted effort to better quantify 
these downstream effects is needed to further 
improve the quality of economic analysis ap
plied to watershed-based projects. 

Behavioral and Social Aspects of Integrated 
Watershed Management 
George W. Lovelace and A. Terry Rambo 

A n analysis of the behavioral and social as
pects of watershed management is best con
ducted f rom a human ecological perspective 
in which two semiautonomous and interre
lated systems, the natural ecosystem and the 
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social system, are seen as interacting with one 
another. T h e two systems are linked through 
exchanges of energy, materials, and informa
tion—the natural system being altered to suit 
social system needs and the social system 
coevolving with the natural in continuous 
adaptations. 

These systems are open, and relatively dis
crete pairs of systems in the upper, middle, 
and lower portions of watersheds interact with 
each other through both direct and indirect 
flows. In upper watersheds, for example, com
munities with very different social systems 
may be in close proximity, with one group 
practicing sedentary agriculture on the valley 
f loor while the other maintains a system of 
shifting cultivation on nearby hillsides. 

In contrast with the generally downstream 
direction of flows within the natural systems of 
a watershed, there is a decidedly upstream flow 
of social and cultural influence as lowland pop
ulations encroach on those in the uplands. Wa
tershed planners and implementers must rec
ognize that social system factors such as culture, 
ideology, ethnic relations, and religion often af
fect the viability of management measures just 
as strongly as economic or technical consider
ations. Moreover, lowland and urban biases 
tend to exist among planners; these biases fur
ther inhibit understanding of social and be-
havorial variables operating in upland areas. 

T h e applicat ion of a human ecological 
framework to the analysis of social and be-
havorial obstacles to effective watershed man
agement highlights the complexity of the sys
tems and of the management task. It also 
directs project planners and managers to op
tions relating either to the improvement of ex
isting land use patterns or to the introduction 
of new patterns that are sustainable within 
both the natural and the social systems. The 
current state of knowledge in this area is weak, 
with inherent problems in the transferability 
of such knowledge. Much greater efforts are 
needed to meet the information and institu
tional development requirements of watershed 

management plans, which seek to adequately 
consider the social and behavioral aspects of 
their implementation. 

Implementation and Institutional Aspects 
of Integrated Watershed Management 
K. William Easter and Christopfier Gibbs 

Growing concern about high levels of soil 
erosion in the upper watersheds of Asia and 
the downstream effects of such erosion has 
prompted increasing efforts to improve water
shed management. The introduction of effec
tive management measures has been ham
pered, however, by neglect of institutional and 
organizational arrangements in the imple
mentation phase of watershed-related pro
jects and programs. Institutions are defined as 
the rules that govern individual or group be
havior, while organizations are more formal
ized manifestations of conventions such as 
families, firms, governmental agencies, or po
litical units. 

For each alternative watershed management 
measure considered in the planning phase, a 
range of implementation tools and institu
tional and organizational arrangements must 
be considered if the necessary tasks are to be 
combined in an effective implementation sys
tem. The literature on policy implementation 
provides guidance to the key questions that 
must be answered at the program or project 
level i f a reasonable opportunity for effective 
implementation is to be assured. A central con
clusion, which may be drawn f rom an analysis 
of this literature, is that user participation and 
flexibility—the ability to learn and change 
as the program progresses—must be built 
into both the p lanning and implementa
tion phases. 

Institutional analysis indicates that it is not 
sufficient to define new watershed manage
ment practices that are technically and eco
nomically superior to those currently in use; 
new or modified institutional arrangements 
must complement these techniques i f they are 
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to be adopted. Thus, at the policy, institu
tional, or operating levels of decision making 
on natural resource management alternatives, 
institutional arrangements are more usefully 
considered as variables than as assumptions 
(i.e., the status quo). Moreover, institutions in 
their nonorganizational form are embodied in 
property rights, which define opportunities 
and create incentives. 

Useful lessons regarding incentives for indi
vidual action, for collective action, and for re
source conservation may be drawn f rom the 
experience with irrigation water management 
in Asia. This literature also provides he lpful 
guidance relating to organizational issues such 
as farmer participation in planning and imple
mentation, organizational incentives, coordi
nation within organizational hierarchies, and 
criteria for evaluating management tasks. 

Research Needs for Improved Watershed 
Management in Selected Asian Countries 

Status of Watershed Management Research and 
Identification of Needed Research in Indonesia 
Engkah Sutadipradja 

Indonesia faces several pressing watershed 
management problems. O n the densely popu
lated islands of Java and Bali, forest lands are 
encroached upon because of population pres
sures, and in the uplands, steeply sloped non-
forest lands are used intensively for food 
crops, resulting in very high levels of soil ero
sion. In less densely populated areas alang-
alang (Imperata cylindrica) grasslands and other 
critical lands are expanding rapidly. 

In response, during the Fourth Five Year De
velopment Plan (1984-89), the Government of 
Indonesia identified 22 "super priority" water
sheds among 36 priority watersheds for the 
conduct of reforestation on forest lands and re-
greening (afforestation) of nonforest lands. 
The objectives of these programs are to control 
or minimize upland soil erosion and adverse 
lowland effects of deforestation, to increase up
land productivity and farm incomes, and to 

strengthen the natural resource conservation 
awareness of upland farmers. These programs 
are a cross-agency cooperative effort and are 
implemented at the provincial and district lev
els, with special assistance f rom the Ministry of 
Forestry and its 11 Land Rehabilitation and 
Soil Conservation Centers. Since 1976, more 
than 1,250,000 hectares have been reforested 
and almost 3.5 mill ion hectares regreened, 
with the latest tree survival rates at 67.5 percent 
and 56.3 percent, respectively, for the two pro
grams. In addition to the tree planting, bench 
terracing and check dam construction are also 
increasingly important components of the re-
greening program. Gains f rom the program in
clude greater farmer awareness of conserva
tion, better coordination among agencies for 
watershed management, good results with 
bench terraces and dryland cropping systems 
for some agro-climatic zones, particularly those 
with slopes of less than 50 percent; and good 
results with the use of the taungya system for 
reforestation, with check dams, and with the 
corridor system for reforestation on islands 
other than Java. 

Research is needed to respond to factors 
that have limited the success of these pro
grams. Immediate attention is needed to bet
ter document watershed informat ion , de
velop viable land use practices for slopes of 
more than 50 percent, devise an inexpensive 
and standardized land evaluation process for 
Indonesia, develop better forest f i re control 
techniques, develop better information con
cerning the relationships between logging 
and soil erosion, adapt conservation tech
niques to particular agro-climatic conditions, 
conduct of f - farm employment studies in the 
uplands, develop better information on grass 
and forage crops for use on terrace risers and 
for agri-silviculture, establish permissible soil 
loss rates by soil type, devise better upland ex
tension methods and curr iculum for water
shed management training, develop alterna
tives to shift ing cultivation, and study the 
legal aspects of watershed management. Th i s 
research wil l be challenging due to weak coor
dination, standardization, and information 
transfer among the existing research agen-
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cies. Better links need to be formed with pol
icymakers who currently do not use research 
findings and are often more interested in low
land issues. 

Soil Conservation Research in Tropical Watersheds: 
Status and Implicationsfor Future Research 
Programs and Institution Building 
Van K. Haderlie 

Indonesia's watersheds can be broadly clas
sified into humid watersheds that are either 
densely or sparsely populated and drought-
prone, sparsely populated watersheds. In the 
past, land use management problems associ
ated with each of these three watershed types 
have largely been dealt with on a project basis. 
Efforts are now under way in Indonesia to de
velop a national program of conservation and 
watershed management coordinated by the di
rectorate general of Reforestation and Land 
Rehabilitation. 

Past research efforts have focused on bio
physical aspects, but the direction is beginning 
to change in favor of greater attention to socio
economic and institutional aspects of water
shed management. Efforts are also needed to 
overcome the lowland bias of past agricultural 
research. A long biophysical research agenda 
includes improved soil loss measurement 
techniques; development of a standardized 
land capability classification system capable of 
accounting for the special needs of densely 
populated uplands; work on the productivity 
of dryland terraces; better integration of soil 
moisture management and soil conservation 
research; crop residue management studies; 
f ie ld testing of the data on cropping systems 
and integration of this information into a 
farming systems approach, including livestock 
and tree crops; development of steep slope 
(>50%) management techniques and farming 
systems; work on developing vegetation for 
highly degraded critical lands; and studies on 
open grazing management practices for the 
eastern islands. Research of a non-biophysical 
character is needed to develop better exten
sion techniques and the means to obtain and 
use local information in the planning and im

plementation stages of watershed projects. Ec
onomic evaluation techniques to measure the 
benefits and costs of watershed management 
practices need further development and appli
cation. Both horizontal and vertical communi
cation channels for the transfer of informa
tion relating to watershed management need 
improvement. T h e issue of land use efficiency 
and the possibility of exchanges of steeply 
sloped agricultural lands for flatter forest 
lands wi l l eventually need to be studied. 
Greater attention needs to be given to the so
cioeconomic and soil erosion influences of 
roads in upland areas. While the capacity to 
conduct much of this research already exists in 
the Ministry of Forestry, the Ministry of A g r i 
culture, and the universities, a national re
search forum or some other mechanism is 
badly needed to help with the coordination 
and programming of the research effort. 

Status of Watershed Management Research and 
Identification of Needed Research in Nepal 
Kumar P. Upadhyay 

Nepal's natural environment can be divided 
into three zones: the mountain zone above 
4,000 meters; the hill zone between 500 and 
4,000 meters; and the terai zone below 500 me
ters. Population pressures on the mountain and 
hill zones within the agriculturally based econ
omy are causing high upstream soil erosion and 
runoff rates. T h e consequences are down
stream sedimentation and flooding through 
the terai zone and into northern India. 

Nepal has a good history of efforts at inte
grated watershed management during the past 
two decades. Among the strengths of these pro
grams and projects are concerted attempts to 
achieve local community participation. Never
theless, these efforts have had problems in 
achieving measurable benefits. Participation 
has proven difficult to achieve, and assump
tions regarding the resiliency of the natural sys
tems have been overly optimistic. 

Although both applied and basic technical 
research have been conducted by several agen
cies, such research is still in its infancy. Aside 
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from some limited work in the area of in
creased community participation in water
shed project activities, institutional and plan
ning research relating to watershed manage
ment is alsojust beginning, Research priorities 
include studies of management strategies for 
community-owned lands; development of 
land use evaluation models to aid in analyzing 
land use options for farmers; pilot activities to 
investigate the nature of fragile or highly 
eroded land and to develop rapid assessment 
methods for measuring erosion rates; a study 
of appropriate design criteria, suitable struc
tures for different forms of erosion, and a ben
efit-cost study on structural measures for ero
sion control; and development of guidelines 
for impact monitoring and evaluation of wa
tershed management projects. To obtain 
timely applied results and funding support, an 
action research approach should be adopted. 

Restoring the Balance: A Methodology for 
Research and Implementation 
Anis Ahmad Dani 

D u r i n g the past century, pol i t ica l , eco
nomic, and demographic changes have cre
ated pressures on the geologically young and 
naturally fragile Hindu-Kush Himalayan re
gion. Upland deforestation caused by agricul
tural expansion, fodder requirements, and 
fuelwood collection is proceeding at a rapid 
rate—exceeding the natural regenerative ca
pacity of the forests in many areas. Erosion re
sulting in sedimentation of reservoirs and 
river channels, and consequent downstream 
flooding, are all of major concern to govern
ments of the region. 

The International Centre for Integrated 
Mountain Development ( ICIMOD) seeks to 
promote the economically and environmen
tally sound development of the mountain eco
system and to improve the living standards of 
mountain populations. It intends to serve as an 
information clearinghouse and a consultative 
center in scientific and technical matters for all 
countries of the region. The emphasis is on the 
application of knowledge to actual develop
ment situations. 

I C I M O D takes a broader view on watershed 
management than just the soil and water con
servation aspects—a view that involves the use 
of watershed boundaries to define logical re
gions for planning and implementation of 
management activities. T h e combination of 
the natural ecosystem and the social system 
within the watershed management approach is 
vital as a basis for conceptualizing and design
ing programs for the countries of the Hindu-
Kush Himalayan region. 

Upland communities have traditionally re
mained outside of the mainstream of society; 
they are physically and economically isolated. 
They are increasingly being drawn into the af
fairs of nation states, however, and they fail to 
understand why they are asked to pay the 
price of conserving resources to benefit low
landers. Conversely, many lowlanders main
tain stereotyped attitudes toward upland resi
dents whom they perceive as backward and 
irrational. Fortunately, an appreciation for the 
uplanders* environmental and land use man
agement knowledge is growing. Nevertheless, 
uplanders are only marginally involved in de
cisions affecting management plans for their 
communities. 

Thus, social, political, and economic im
balances may be as great as ecological im
balance, and the latter cannot be restored 
without restoring the balance in human rela
tionships. A suggested approach to restoring 
this balance focuses on the power of informa
tion and the establishment of a process of envi
ronmental education in which upland commu
nities participate fully in the dialogue about 
the wise management of upland resources. 

Management of Angat Watershed, Nonagaray, 
Bulacan> Philippines 
Jose P. Castro 

The National Power Corporat ion of the 
Philippines has the authority for protection, 
development, and conservation of natural re
sources in a number of the nation's upper wa
tershed areas. Together with the National Irri
ga t ion Au tho r i t y , the Bureau o f Forest 
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Development, and other related agencies, the 
National Power Corporation seeks to develop 
the potential of these watersheds. The i r objec
tives involve hydroelectr ic i ty product ion, 
f lood control, upper watershed preservation, 
and the provision of domestic, industrial, and 
irrigation water supplies. 

A n example of these efforts can be found in 
the management of the Angat upper water
shed in Central Luzon and its dam, completed 
in 1965. Significant biophysical data are avail
able on the evergreen dipterocarp forests, 
soils, and geology of this 568-square kilometer 
drainage area watershed. A new study seeks to 
determine the 35-kilometer reservoir's sedi
mentation rate during the past two decades. 
Conservation and protection strategies focus 
on maintaining the forest through reduction 
of unauthorized forest use and the construc
tion of f xe breaks. T h e development and utili
zation strategy includes experiments with ag
roforestry and fisheries development to assist 
the Dunagat cultural minorities as well as local 
fishing communities in the watershed. 

Watershed Management Research and 
Identification of Needed Research 
in Thailand 
Kasem Chunkao 

Characteristics of Thailand's watersheds 
vary greatly according to climatic and soil dif
ferences. Agr icu l tu ra l growth in Tha i l and 
during the past several decades has largely 
taken place through expansion of agricultural 
lands into forested areas. 

Only during the past decade has a regionally 
and biophysically comprehensive research 
program on watersheds been started. Priority 
areas for future research include develop
ment of guidelines for land capability classifi
cation and land use planning; studies of water 
resources development and water quality; 
work on sediment transport and land deterio
ration as related to land and resources utiliza
tion; evaluation of forest cutting policy; stud
ies of land use certificate (Sor Tor Kor) policy 
guidelines and rural development policy; de

velopment of better policies relating to private 
forests; guidelines for watershed and forest 
lands zoning for protective and productive 
uses; evaluation of forest laws and forest pro
tection and reserve policy; and the develop
ment of a national forest policy as an essential 
component of national environmental and re
sources planning. 

Status of Watershed Management Research 
and Identification of Needed Research in 
ASEAN Countries 
Severo R. Saplaco 

A n A S E A N - U S Watershed Project was be
gun in 1983 to develop a network to produce 
watershed management research for produc
tive and protective uplands, with emphasis on 
reducing soil erosion and improving water 
quality, quantity, and distribution. Under the 
assumption that the A S E A N countries share 
certain common watershed management 
problems, this project began by holding a se
ries of seminars in the Philippines, Indonesia, 
and Thailand. 

Based on the evidence presented at these 
meetings, it is clear that, due to manpower, f i 
nancial, logistical, and institutional support 
constraints, very little research is available in 
usable form to watershed management plan
ners and implementers within the A S E A N re
gion. Th is includes research on hydrome-
teorologic, socioeconomic, and institutional 
topics. 

A number of priority research needs were 
identified, including the study of the biophysi
cal and non-biophysical effects of changes in 
upland forest, bush, and grass vegetation; 
changes in farming and agroforestry systems 
in the uplands; changes brought about by land 
management practices; and, more generally, 
the process of upland land use intensification. 
Also needed are model watershed develop
ment experiments, greater efforts to conduct 
integrated and interdisciplinary watershed re
search, attention to the need for liberalization 
of upland land use rights in favor of upland 
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residents, standardization of research meth
ods and reporting, and greater attention to the 
links between research and the needs of water
shed management planners, implementers, 

and policymakers. Also needed are better use 
of scarce research expertise and greater f inan
cial commitments to watershed management 
research and manpower development efforts. 
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