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FOREWORD

The Environment and Policy institute
(EAPD of the East-West Center conducts re-
search and education programs throngh 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
tne objectives of the policies, and (2) assess-
ment of scientific and techuical formation
about natural systems for more coherent pol-
icy formulation and implementation through
planning and management. This systematic
approach avoids the polarizadion of environ-
mental values versas secteral goals,

Much of the Insiitute’s recent work focuses
on the management of land and water re-

sources. An integrating theme for many of

these issues is watershed management, which
deals with intevacting physical and social proc-
esses and activities. In seeking vavs to improve
watershed management, EAPEjoined with the
US. Agenev for International Development
(USAID) to conduct a workshop i Jamuary
1985 with the following objectives:

I 'To review national watershed programs
conducted in the Asian region

2. To review the status of knowledge con-

cerning management strategies and

methods

To discuss and identify watershed man-

agement researcl needs

w

The workshop brought together watershed
management experts, USAID mission rep-

resentatives from sclected Asian countries,
o'ficials of the Asia Burcau and the Science
and Technology Bureau of USATD, and most of
the rescarch staft ol EAPL The expertise
included the areas of forestry, watershed man-
agement, economics, agroforestry, anthropol-
ogv, soll 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 i water-
<heds and their managenment

4. Formulation ol watershed smanagement
strategies and approaches, involving iand
use adjustments and physical measures

5. Economic analvsis 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 managemenr activities

In presenting these topies, emphasis was on
“what we know™ and “what we need to know™ to
achieve effective watershed management. By
identifying inadeqguacies and gaps in informa-
tion, the needs for research on various aspects
of watershed management were highlighted.

til



The country and regional experts were
asked to review the watershed management
experiences in their countries or regions, Fi-
phasis was on dentifving those aspects of the
projectsor programs that have been successtul
and on the probleies that hinve been encoun-
tered. These reviews provided a basis for iden-
tufying information and research necds,

Following these presentations, small work-
g groups discussed selected probicms and is-
sves, information gaps, and rescarchable ques-
tions, developed revised statements covering
these aspects, and prepared lists of high-prios-
ity research needs and approaches. A svnthesis
of the workshop presentations, discussions,

and working group reports forms the basis of

this report prepaved by EAPL Fellows K. Wil-
lam Easterand Mavnard M. | futschmide, wirh
the assistance of David S, MeCanley, who wrote

the svitopses from the workshop papers,
People attending and participating in the
workshop did so in their individual capacitics
and did not represent or speak for their orga-
nizations or countries. 1'his reportofthe werk-
shop's findings, conclusions, and recommen
dations presents the spectrum of views
expressed at the meeting. It should not be as-
sumed that every participant subscribes (o
everv statement. adthough i broad consensus
was reached on most NLjor points,
Fhisreportisthe firse stepin communicating
some of the results of this workshop. In future
publications and in follow-up Mectngs, we an-
ticipate that the work begun will continae and
reach o wider audience. In this wav, we hope
that we are contributing 1o i creative resolution
of issues that are vital 1o national and interna-
tionalinterests of countries in the region,

Williun L Manthews, Director
Environmentand Poliey Institute
East-West Center



DEFINITIONS

A watershed 1s a topographically delincated
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 detined 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 i this
report, it refers to a subdrainage areir ol aviver
basin.

Integrated watershed management is the pro-
cess of tormulating and implementing a
course of action imvolving natural, agricul-
tural, and human resources of a watershed,
taking into account the social, cconomice, 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 managenient 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 ol the specificd objeciives.

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 hinkage be-
tween uplands and lowlands in both biophysi-
cal, socioeconomic, and institutional/organi-
zational contexts. For example, upland
witersheds 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 during

planning. Physical aspects of the watershed, if

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
matural and the social svstems, with special
emphasis on the linkages between upland and
lowland areas and their respective human and
physical endowments. A conceptual frame-
work embodving the watershed management



approach helps to identity 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. Lwenty-four impor-
tant needs were identitied and grouped under
five themes. (Those shown in boldface ivpe
deserve, in the opinion of the stuthors, spectal
emphasis and prioriy.)

Information Systems and Flexibiy Planning Model,

* Develop a rapid diagnostic methodology
to assess the condition of watersheds and
to formulate and ¢ ‘atuate possible
courses of action (p. 13)."

o Devise a Land capabiline classification Svs-

tem for upland tropical

waiersheds in Asin {(n. 13y,

Adapemultiple objective plinning methods

limited duia

(‘nn(lili(m.\ul'(lv\'clnping(‘mum'i(-s(p. 15,

subtropical

K}

and svstems analvses 1o the

Devise procedures tor developing flexible
plans and implementation approaches ap-
propriate 1o Asiun watershed condi-
li()n.\'(p. 15).

Develop and rest aliernative procedures lor
meorporating tmonitoring, assessment, and
evaluadon methods into pProject nimagement
churing the implementation stage (p. 19,

Devise alternative techniques tor measuring
and incorporating

soil productivity losses
and downstream diumiages into watershed
montoring and evaluation systems (p, 20),

Quantification and Valuation of Upstream-
Downstream Relation s

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

_—
*Phe page nambers in parentheses reter 1o Lier
discussion of the research,

* Devise methods for quantifying and valu-
ing the on-sjte ctiects of long-term soil and
nutrient loss due to soil erosion and leach-
ing under various land use and manage-
ment pracices (p. 1),

Evaluaee the transterabiliny of alternative
resource management actions and techno!
ogics for controlling soil erosion (p. 1)
Study the Tinkages between hillslope and
channel processes o determine changes in
sediment quantities, waer quatlities, and

bed and bank processes - downstream
Analvticd models are needed
that are appropriate fo predicting
changes in tropical and subtropical water-
sheds (p. 1),

chimnels,

Participation in Watervhed Management

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

l)v\'(-l()p and evaluate alternative ap-
proaches forinvolving local participants in
project planning and miplementation, in-
cluding concerns tor: local capacities for
implementing practices, obstacles to par-

ticipation, burcancracies s o atalvsis foro-
cal action, and activites best performed
throngh local Lroups (pp. 13, 18).

Develop procedures for cducating the hill
orupland people of Asia concerning the
cnvironmenial conscquences of alternative
Land uses and ln';u'liws(p. 7).

l)(-\isc;uui(‘\‘;nlu.nc;llu-rn;ni\'vs)‘sl('llls for
providing relevant local information 1o
project decision makers (p- 18,

Determine the contributions which non-

governmental organizations and (he pri-
Vate sector i make 10 watershed man-
agement (p. 19),

Using Past Experience to Improve
Watershed Managenent

* Evaluate alternative management activi-
ties to determine the incentives required



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 lind resettlement experience
ot selected Asian countvies (p. 17),
Develop information concerning the im-

pact of road construction in upland tropi-
cal und subtropical watersheds on down-
stream arcas and on human migraton into
upland areas (p. 16).

o Develop farming svstems that are appro-
priate for steep slopes (1. 1.

Orgamzational, nstitudional, an L Policy Coneerns

« Review vesource 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 o Tegal and pol-
icy instrume ts that atfect and and water

use and determine how these mstriments
cifect the meentives for alternative land
uses and manegemert practiees (p. 18

Analvze mimagement approaches 1o deter-
mine how organizational siracture, leader-
ship, connuunications, authority, and flexi-
bilitv affect projectimplementation (p. 1.
Study the etfect ot country tood and devel-

opment policies on the implementation of

watershed management programs ip. 20),

Research Approaches

Much past research on watershed manage-
ment has been on ad hoe response of individual
researchers to small patts of the overall man-
agement problen, improving the management
of upper watersheds requires an integrated ap-
proach. Biophysical and socineconomic re-
scarch and information must be organized and
designed so that the results can be readily used
by planners and decision makers.

A combination of informaton exchange,
case studies, action research, and pilot projects
can be used o address many of the research
topics. Research shouid be designed o provide
generalizations that can be used for planning
and implementing watershed  management
projects. These studies should inchwle the fol-
lowing elements: (1) methoedologies for the in-
terdisciplinary analvsis of watersheds based on
the framework discussed in the workshop and
presented in thisveport; (2) formulation of hy-
potheses using questions presented in this re-
port as a starting point: (3) collection and
amalvsis of intormanon concerning the actual
implementation of watershed management
programs: (D devising measures 1o test the
feasibility and transterability of resource man-
agement actions and implementation toois to
specitic wirershed situations: and (5) devising
methods for monitoring ind providing local
feedback on the performance of watershed
NIGZCICT Projects,

'his rescarch is necded o provide a clearer
picture ol past and ongoing Asian experience
with watershed management. The work must
bhe a collaborative eltort where rescarchers
from various countries and mstitutions work
directlv with people in the watershed.



INTRODUCTION

A growing concern exists that many parts of
the developing world will continue to have
problems providing food and fuel wellinto the
next century. Agricultural production has ex-
panded during the past two decades with the
hedp of new crop varieties and greater use of
inputs such as rrigation water and fertilizer.
Yet these increases in production have barely
kept ahead of growing populations in many
continries. “The vapidly rising populadon in
Asta will pui increasing pressure on (he agii-
cidturaland foresory ind and water LCSOUTees,
espectally inthe upland areas.

A growing number of experts warn sthow
high levels of soil erosion in the upper walter-
sheds of Asi;
agricnltural productivity but also canse sedi-
mentation and water
downstream, Flooding is aggravated by sedi-
mentation in river channels. Reservoirs (o pro-
vide flood control, irrigation, or power Pro
duction are silting up at vates much faster than
aniicipated. In many cases, the uselul lives of

that not only reduce forest and

pollution problems

reservoirs are heing substantiallv reduced,
Many current resource maragement ap-
proaches —such as forest preservadion, fragile
lainds protection, agroforestry, farming svs-
tems, and integrated rural development —do
not take adequate account of these upstream-
downstream interactions, In conrast, an inte-
grated approach o wiatershed numagement
£0ves promise of cnabling planners 1o include
these interactions in planning and implement-
ing development projects. This suggests that se-
rious consideration should he givento the wider
use of the integrated watershed management

4

approach in developing countries and 1o use it
asan important element in planning all types of
resource development and management pro-

Jectsand programes,

Rationale for the integrated Watershed
Management Approach

In general, the obective of regional re-
source management or rural development is 1o
exploit the productivity of natural sVstems to
improve the welbare of the alfected population
within the national development objectives. Si-
muh;nwnusly. such programs should minimize
conflict, social distuption, unsustainable use
ol natural resources, incquitable distribution
ol benefits and coss, and adverse environmen-
talimypacts. The watershed is a spatial unit that
fits many of these concerns, 1t highliglits the
physical aspects of the l;mdsr;lp('. which, if not
recognized, can lead 1o serious problems in
project impivnwnl;ninn (Figure 1), When de-
“clopment imvolves intensive use of land and
water resources, the watershed unit containg
the principal linkages and issues that should be
considered,

The rationale for the watershed approach
to rural development projects, whethar di-
rected toward agriculiure, foresury, range-
lands, water
these, e be summarized as follows:

resources, or a combimation of

¢ 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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» ‘T'he watershed approach is logical for eval-
uating the biophvsical hinkages ot up-
stream and downstream activities.

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

o There is a strong economic logic in the wa-
tershed unit since it imternalizes many of

sedapted from Warshall 1980),

the externalities involved with land man-
agement practices,

The watershed allows for ready assessment
ol environmental impacts including the ef-
feets of lTand 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.

I'he watershed framework allows for con-
sideration of human interaction with the
environment,

The watershed approach can be inte-



grated with other programs, including for-
estry, soil conservation, rural and commu-
nity developiment, or farming svstems.

Insummary, the waiershed approach can be
used o examine upstream activities and their
biophvsical and social conscquences, Uhe our-
comes of continued watershed use or degrada-
tioin can be evaluated in ey ol on-sire and
otf-site impacts, and needed adjustments can
be ddentitied. Recommendations {rom the
evaluation flow back 1o management, which
can then ke remedial actions,

Properly applied, the watershed manage-
ment approach includes both the watural SVS-
temand the soctal svstenr, This is incontrast o
some rival development projects that toeus on
the socnl svstem and consider the CCOSVSICm
as aconstraant, They pose the question: Whag
must we do o the natural syvstem 1o extract
more meome and services for the social sves
tem: The opposite view has also been taken
under natural vesource-hased rural develop-
How
can we remove the people so we can preserve

ment projects, which pose the queston:

the ecosvstems?

CONCEPTUAL FRAMEWORK

The conceptual frimework is used 1o help
sort out the importan problems and
that arise in
based on work done ar the Fast-West Cenier

ISsUCs

watershed management. Ir s

on natural svstems assessment and valuation
and on water resources nunIgenent over e
past five vears (Carpenter T983, Hulschmidy
etal. 1983, Bower andd Hulschinidt 198:1), This
framework is cqualbv valid when the wiatershed
approachis used o plianand implement iwide
range ol sectoral projects such as agriculiure,
forestry, energy, mining, nansportation, hu-
man settlements, fisheries, and wildlite
(Hufsehmidr 19sa),
Major Elements of the Framework
Che framework consisis of three dimen-
sions, cach representing aditferent hut relaed
analvtical approach. The dimcensions :ue: (1
witershed managenment as a process imolving
separate but closeiy Tinked stages of planning
and implementaion: 2 watershed HEnage-
mentas & planned wem of resource N g e-
ment actions i Hhpicentation tocis applied
toawatershed through aserol instivarional el
organizational arrangements: and (31 waier-

6

shed anagement as aset ol inkea activitios tor
which specitic nmanagement fasks are required.

Fhe Process of Watershed ‘\lflflll‘(\":'lllz'rll

Fhe comentional delineation of watershed
Antagement oceurs as sequential steps of pro-
Ject planning, design, imstallacGon, aperation,
and mamtenance, with nonitoring and feed-
hack of information (o carlic steps of the bro-
coess (Figure 2y, In developing countries,
actions on watershed management often hegin
with the perception of aoproblem, which leads
to dcdecision o prepare o Project or program
Pl Pl £ vinadation leads ro 4 project feist-
bility report chat provides the basis for o deci-
planning
Stge Is (‘()lnl)l(‘l('(l with the (l('\ip‘ll ol the pro-

SION 1O implement the project. The

ject. vpically, implementation begins with in-
stadletion of resource nnagement prictices,
often imolving substantial capitid expendi-
fires. This stage of miplementation (which
may involve detailed destans) man tane several
vears and s toHowed by an OngGIgE program
oloperanon and maintenance.

Monitoving and evaluation will be required
throughout as watershed

management pPro-
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Figure 2. The five stages of integrated watershed management (Sowrce: Hfsehmidt 1985),
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ceeds. Each land use or management practice
must be evaluated interms of its on-site and oll-
site (downstream) effects. Measurement of oft-
site effects on natural systens will require asep-
arate physical ind cconomic anadvsis, which
extends bevond the siie houndiries, Nonitor-
g and evaluation will be an HCPative process
where aland use or munagement practice is in-
troduced and physical chinges and associated
benefits inid costs are measared, Afer the eval-
uation, the practice mav have o be aliered or
dropped and new nractices applied.

Hatershed Management ay a Plan ned Svstem

In this dimension watershed management is
seen as a planned svstem of (1) resource ma-
agement actions,  including land use assign-
ments, on-site resource utilization and manage-
ment practices, and off-sie management
practices: (2) implementation tools for carrving
out the resouree managementactions: and (3) o
setol institutional and arganizational wrrange-
ments within which tplementation procecds
(Figure 3y,

Fhe plimned svstem miakes o clear distine-
tion between resonrce management actions —
“things 1o be done” —and mplementation
tools —"wivs of getting things done.”™ Water-
shed managemen: planners ofien concentrare
on designing resource management actione.
without designing miplementation tools 1o an
cquivalent level of detail, which often leads to
serious problems i the implementation stige.

Phis svstem also specifically identifics insti-
tutional and organizational arcangements s
kev o elemems in planning and implementa-
ton —clements that plavan important role m
the suceess or ailure of witershed nnage-
men plans,

Watershed Management as a Set of
Activatiov and Tasks

Watershed nimagement is seen as a set ol
nked activitios tor which specific management
tasks are required 1o produce the desired out-

h

puts and effects on the natural systenn, For ex-
ample, as a first activity, the entire watershed
arca would be subdivided into various tvpes ol
exIsting or prospective major land uses (agri-
culture, grazing, agroforestry, commercial for-
estry, multi-use forestry, protection lorestry,
mining, transportation) based on a Land usc
assessment. Next, for cach operating unit in a
given tvpe of land use, the on-site resource uti-
lization and management practices would be
developed. For agriculiure, on-site practices
would include the tpes and rotitions ol crops,
soil - conservation methods, tillage methods,
and other favm practices. For commereial for-
estry, onssite practices would include ree spe-
cies o be grownand harvested, rotation poliey,
and methods of tree planting and harvesting,
Finally, to handle the downstream effects of
the on-site land use activities, a set ol off-site
management practices would he applied in-
stream and wlong siream borders. These in-
clude debris removal, channel improvements,
and stream bimk protection by riparian butter
SUAP preservation, revegetation, or riprapping.

Application of the Framework

Fach of the three dimensions represents a
different bar relaged analvtical approach o
the watershed maniagement problem. The an-
abvacal task could be approached by selecting
anelement from one dimension and analvzing
wintermsof the other two dimensions. For ex-
ample.one mav wish 16 focus the aalvsis on
the planning stage of the MAnAgenen process
dimension (Fizure 9. T begin this analysis,
one would construetatable (Lable 1) in which
management actvities would he arranged in
rows and management sestem elements in
columus, The tble would then be comnleted
by listing the task required in cach of the
boxes. For example, il the IMportint concern
was planning the implementation tools foron-
stte resource utilization and managenient
priactices, the appropriate row and colunin of
Table 1 lists the requir ed tasks as planning for
education, technical help, cconomic incen-
tves, marketing assistance, and tegulation,



Resource Management Implementation Tools Institutional Arrangements

Actions for Each Category of Management Action for Each Category of Management Action
o Major fand use e Regulations Non-organizational

ASSIENINCTIHS v

. . o Te STCTTS
« Licenses and times Tenure systems
e Resource unlizatuon

prograins e Praces. taxes. and subsidies * Legal codes

o On-site agricultnral, e Loansand zrants « Lconomic policies
forestry, grazmn, and

R . . ormal arr: y LS
iy I)g;l(“('(-\ e lechnicadl h(.‘l[) « Informal dndn‘gemcms

o Otf-site management e Fducation Organtzationai
pracuces . . . . . » Public agencies
« Direct insiallation by public agencies Planning and management

Extension services

Credit agencies

L

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



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

MANAGEMENT SYSTEM ELEMENTS

RESOURCE
MANAGEMENT MANAGEMENT IMPLEMENTATION INSTITUTIONAL
ACTINTEIES ACTTIONS TOOLS ARRANGEMENTS
LAND USE « Land capabiliny iy sis Phaning for Planning for
ASSIGNMENT o Land suitabilin analvsis e Bepulation * Ownership/tenure systems
» Pormulation and benetit- < Feonomicineentives — « Public regulation sysems
costanahsisof alicrna- o Education * Organizational char ges

tive land-use plans

ON-SITE Foragerotorestn l’l;uming tor I’I;mnin‘gl tor
RESOURCE * Agronomic, forestry, and . e Educition « Extension services
UTILIZATION AND ccononnic analyvses of * technical help  Credit/financial aid
MANAGEMENT tpescdistribution and * Economic incentives Ownership/tenure systems
PRACTICES rotanon ol tree and o Marketing assistince o Soil Conservation Agencey
fow crops * Regulation

* Ploning for
methods of tlling,
methods of cropping,
crosion control
pracuces

OFF-SITE Planning for Planning for Planning for
MANAGEMENT o Stream hank vegetation, s Education * Extension services
PRACTICES protection or ¢ Technical help ¢ Credit/linancial aid
revegetation * Economic incentives svstems
* Channel dredging « Public installation * Soil Conservation Agencey
* Riprapping and maintenance

. llll.’l'\(' watertreatmeni

Source: Hufschmidt 1985,
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Used in this way, the analytical framework en-
ables one to isolate specitic aspects of watershed
management for deratled examination, and
provides a basis for studving specilic watershed
management experiences. For example, a case
study using this analvocal framework may show

that major emphasis is placed on installation of

resource management facilities, to the neglea

ol their operation and maintenance. Alierna-
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-
ctated research and information needs are
grouped under two broad headings—plan-
ning and implementation—reaken from the
conceptual frimmework. Although some itens
overlap in cach of these caregories, the classifi-
cation highlighis the timportance of problems
encountered at the planning and implementa-
tion stages, Finallv several broad development
and food pohicy issues refated 1o watershed
nanagement are histed anderathird caegory,
solicy researchissues,

Inohe sty a different classtfication is
used. Issues e grovped o emphasize inpor-
tant common clements ol research problems
identitied in hoth plinning and neplementa-
tion. T'his provides the reader with an alterna-
tive wiv 1o organize the rescanch issues wnd
brings out dilferent complenentaries,

Planning

Watershed management planning generally
begins with the idenrification of a4 nataval re-
source problem, need, or opportunity and the
development of related social cconomic, and
natural svstem objectives toserve as a gide to
planning. The planning process continues
withi the basic biophvsical, cconomie, demo-
graphic, social, and institunonal analvees re-
quired for the formulation ot alicrnative wa-
tershed numagement plans. Projeciions are
made of future demographic and cconomie
conditions and trends, Plans mclude vanous

combinations of resouwrce management
actions, implementation tools, and institu-
tional and organizational arrangements for
conducting resource management aciions. Al-
tertive watershed management plans are
evaluated using eriterta developed in terms of
the basic objectives, and the planning stage
concludes with the selection of the preferred
plan for subsequent implementation. Fhe mia-
jor steps of this planning process are summa-
rized in Figure 1.

Pl tormulation is an itevative process that
stants with postulating inital kind use assign-
ments to ngor uses such as agriculture, for-
estry, mining, and human settlements. For
cach mitial kd use assignment, on-site re-
source utilization actions and management
practices are formulated. On-site and off-stie
hiophysical, cconomic, and social effects cre
then quantified and evahned. Based on the
results of these wmmalvses, the fand use assign-
menits, resouree utibization actions, and man-
agement practices are revised. A set of accom-
panving off-site. maragement practices are
formulated, and the oral watershed manage-
ment plan iy eviduated. "This process may un-
dergo several iterations and mav include for-
mulbation of two or more alternative watershed
management plans,

Eflective planning is an integral part of suc-
cesstul raral development programs. Regional
ruril development plinning that ignores wa-
tershed characteristies is likely to resualt in seri-
ous cnvironmental problems: Fhus the water-



! Perception and detinition of problens, needs,

or opportunities

2. Specification of basic sacial and economie
objectives, and (lc\'vl()pmvm of assoctted
planning guides and criteria inchuding
CCONOIMIC Criteri

3. Basic biophvsical, economic, social, and
mstitutional analy ses, and formulation of
alternative watershed management plins

Plany include resource nanagement
actions, implementation tools, and
institutional and organmzational
arrangements

Economic analvses include benefit-
cost analvsis

4. Review and evaluation of alternative wiatershed
management plans and selection of preferred
plan for exeeution

Benefit-cost analvsis plavsa Lev role

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

Watershed management problems encoun-
teved at the planning stage and the associated
needs for rescarch and information are
grouped under seven headings.

The Overall Planping Process

Plavning methodology. To provide timely in-
formation for policvmaking and program de-
velopment, diagnostic methodologies are
needed for rapid assessmentol the biophvsical
and sociocconomic conditions ol i watershed
and 1o formulate and evaluate possible courses
ol action. Such rapid appraisal methodologies
must be adaptable to the limited datcand ana-
htical resourees usually encomntered indevel-
oping countries.

Local participation v planning. Wiatershed
management projects usually involve the activ-
tties and interests of many people who occupy
and use the Tand or who are affected by such
Land uses. This is especially true inmany up-
stream watersheds where shifting cultivanon is
acommon practice. Yet vavelvare 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 attecied local groups
the planning stage. Studies are vequired to lor-
mulate and evaluate alternative approaches
tor involving local participants in planning, in-
cluding disadvantaged groups and women.

Land Use Assignmends

Assignment of watershed lands 1o suitable
uses requires information both on existing

Jand uses and on the inherent capability: of

Land for various uses. Such assignments usu-
allv involve abalancing 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 ngor land uses. A the other ex-
treme, fora heavily populated warershed, such
biophvsical factors would be given less weight
and existing conditions would receive much
greater attention. Even heve, however, these
Factors, often expressed in terms of biophysical
limitations, might point to desivable land use
shiflts 1o stow down reductions in on-site Lknd
productivity and 1o reduce adverse off-site ef-
fects such as Hooding and sedimentation.

Avalvas of land capabiliy. An important tool
i guiding Lind use assignments isasvstem lor
Land capability classification. Although
number of such syvstems have been developed
and tested for temperate zone use, few are
available Tor tropical and subtrepical water-
sheds in Asia, especially for uplands (Haderlie
1989). There is a need for svstems thar can be
applicd under conditions ol limited daa and
which are aceeptable to various resource man-
agement agencies in developing countries.
Also involved is the corrving capacity concept
(with varving wmounts of inputs) as a possible
aid in land classitication. In addition, there s
need for the standardization of defininons,
units, and techniques of analvsis,

Experience el existig land wses. Insome
heavily populated watersheds, suchas Java, the
pattern of existing land use imposes severe
constraints on achieving more suitable kind
uses as indicated by the Tand capabiliny amaly-
sis. Yer where on-site and ol =site damages are
serious, sonte changes in land use may be so-
ciallv and cconomically desivable Of crucial
importance at the planning stage is informi-
tion on the experience with implementing
fand use changes in such erineal arveas. For ex-
ample, experience may show that relatively
modest chimges Trom agricaliure, including
shitting cultivation, to agroforestry have been
stuccesstul (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 Resowree Utilization | Letions and
Management Practice

Biopliysical analysis of dand productioin, Bio-
physical information is necded 1o develop sus-
tunable Gairming sy stems o (he fall vange of
soil, topography, and climae cncounteed in
tropical and subtropical regions, According
Haderlie (1985), I'he Farming svstems Appro-
priate 1o steep slopes (3007 and steeper) hine
nat heen adeqeateh developed. 0 T here s
sood evidence thar sustainable silva-pasture,
agroloresty and even mited anmnual ropping
could he put in place on vecprsbofes, bt asub-
this s

stantad rescarch eftort qo SUDPOTT

needed”

Braplysical and ceonom analvses of or e of.
fects There is need for sitesspecilic methods of
quantifving the onssite effects of long-term
lasses of soil and NUients via crosion and
leaching under vavious Tund uses and mamage-
ment pracrces. Fyenwhen sach imformation is
available, ic s dittical 1o anslae into esti-
mates of productivity losses the assodtaned
cconomic etfears, | he economic CONNCULIenees
ol soil erosion depend on nengement deci-
stons and on such factors as ramball intensin,
Thus, models such as soil rating indexes devel-
oped for temperate zone situaions need (o be
adaprted specifically 1o tropacal and suly ropical

watersheds,

Effective transge of appropriate techuolon. I
devising resource wiilization plans such s
Cropping systems el DL ement practices
for soil erosion control. there is need 1o an.a-
Wze the transterabilinn of the 1o limologies 1o
the affected roral groups. the willingness o
abilitv of (he people nnvolved 1o adopr new
techniques s velared 1o the o al and coo-
nomic suitability of 1he technology wned 1o he
cultural chavicteristic s ol the people, Bioplivs-
ical, social, technological, and cconontic ej-
dence from experimentad stations and “earh
IMDOVIOrs™ is not alwan < shinred by Jess advan-
taged groups or even by (he nmajoring ol the
populition (Raintree FOSS) Cate must he

taken to ensure that technologies are adopti-

ble by aomajority of the group and especially by
the disadvantaged. There is necd for applici-
ton of vesalts of basic researeh in social and
agricaltural svstenis, so tha technologies ap-
propriate 1o the existing social structure e
selected,

Baoplivaical analy s of off st effects s often
ditticult 1o identity and quantily off-site bio-
physical etiects of Tand uases i management
praciices in
'he abiliny to quanittiy llu'('H('('lu)f‘up—

tropical and subtropical wiater-
sheds,
stream Eind niamageinen practices on down-
stream sediment vield and o warer vield, qual-
incand time distriburion diminishes rapidhy s
onemoses awony fron the upstream stie,

todeal with these problems i the planning
stages there is need oy o sSHe-specitic network
ol measturement stations fog streammilow dis-
charge, wates qualitn . crosion vares, and sedj-
mentoansport and delivery rates 1o provide
the basic datie Pheve is also daneed tor analvii-
cal models 1o estimane the physical Hpact of
alternative lind use and management prac-
tces that are appropriate tor watersheds in
tropicaland subtrapical regions,

Abso needed e methods of rapid identili-
cation for especially sensitive areas of water-
sheds——than s, areas subject 1o mass wasting
crosion from cultivation,

grazmg, logeing, and road construction, T'he

and high ves of

Iinkages herween hillslope processes and chan-
nel processes are ofien neglected i studies of
crosion and stabiling of fores Lands, 1his is a
hev rescarch Lap n warershed nmanagement
hecause the major cosis 10 socien from head-
water degradation are the chimges that oceur
Mosediment quantities, warer quality, and bed
and hank processes in downsireanm climnels
(O Loughhn 1985),

Techniques fo predicting sediment loads
From upper watersheds and i distribution in
reservairs are limited, Methodologies for the
ratonal extrapolation of hoth discharge and
sedinnent ranng relationships also e needed,
B some cases given adequate data, sediment
ratmngs can he extrapolited by the use of sedi-
mer transport tunctions (o caleulate trans-
POt rates.



Fundamental biophysical principles ol wa-
tershed management including upstreams-
downstream linkages arve fairly well under-
stood. A Tack ol local knowledge and data
hindevs the aduptation of resource manage-
ment actions and practices 1o specific condi-
tions so that they can be successtully nte-
grated into Lind managementssstems.

Assessment and veonoroe caluations af off-ste of
feets. Fven with adequate intormarion on the
oll-site biophysical ettects such as stveam and
reservoir sedimentatton and water polluton,
serious problems arise inquenttymg and vahu-
ing the consequences ondownstream tisheries,
wildlife, agricultare, hvdroctectne power pro-
duction, irrigition water - pphy domesue and
industrial water supphyand Hood regnlanon.
Also needed e phivsic abresponse modols ton
particular uses, such as ediment tisheaoy e
spotise models and bener methods of coo
nonic valuation of the downstream phosion
responses 1oy lll)\lI(‘.llll actinvinies  In *nll!l(
alan improved methods are require Ttor valn
ation ol adverse eltecis on recreanongd e
sources and amenmioy valnes Tavthaonmone,
studies are necded o deternme the Tinkases
or reliationships henseen upland and Tons Land
groups that ma muence watershed manage-
ment actisities isee Russell and Nicholson

TGR1 pp. 45 T
Off -~ite Management Practices

Problems ol lotmulstmye approprate ot
site ninagentent practices are closels hnked o
problems of quantifving and vaduing the oll
site eftecis of npstream Loed management,
Also, the cconorie jusntication for vartons
off=site practices depends upon the vclanon
ship ol the costsof the practices to the damages
that such off-siie pracices wonld prevent. e
cotdingly, models and analviicab imethods wre
needed o provide plnvsical and economic i
puts to the design ob off-sie management
practices,

IHI/)/l’IIIt’IIllIlIUN Tonls

Many problems arise in the implenentation
of watershed management plans, which conld

have been anticipated so that solutions could
have been developed at the plimning stage.
Specific problems associated with implemen-
tation tools, and related information and ve-
search needs are discussed i the implementa-
HON SCCHON.

Distitutional and Ovgancational Avvangements

Existing institutions, arganizational ar-
rangements, including administrative or polit-
ical boundaries olten impose severe con-
stants onimplementation ol watershed
management plans. Totolows that mstitutions
and organizatondl arrangements should he
consigered as varbles ar the plimning stage.
T bt iadedquately understood and adapred,
existine Loaneements nay offer importnt
appottuniies. Fhemaor institutional wod or-
gottzatonal problems that require mforma-
non aned rescardhate discassed inthe imple-

MeNtation section
O cerall Plav Fovodation and Fealuation

Both the nnderlving theors and the applica-
ton of approaches to phin tormalation and
evalianon bave been vell developed for nati-
vl resotrces i eencral and tor water re-
soutces. mcduding viver hasins, in particular.
s s v for some devcloping as wellas for

developedconntiies,

S wiliesd plaioig thodole gy Thereas aspe-
cial need tor e adapration of the phnning
approach 1o the realities of integrated water-
Gred management in developing countries,
Upstrean downstrean linkages are SOCIOCCO-
nomic and polineal as wellas hiophyasical. Eth-
nic diversing s common leature momany up-
Lind areas ol developing countries. Also, the
muhiple objectives of watershed manage-
ment elticienay, equiny, and natural re-
courres sustaibitinn and the multiple uses
tor the Lind and warer resources andd 1o the
conplesits of the planning problem. Develop-
ment of a speciadized watershed plannmg
methodology tor developing countries and its
niad applicaition o speditic watershed: plan-
ning projectsare necded.
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Flexible planning methods. Another aspect ol wa-
tershed managemen
concerns (D) the uncertaingy tha pervades the

m developing countries

estinuies o ssumptions on which plans are
based, and (2) the nany tors imvolved i wa-
tershed management, espeandiv the Lrge
number of users of 1he land and water ye-
sources. Fhese unceriinties pomttoward the
need for plan tlesbiling andd adoption of ar,
mplementation policv ot Tearning-hn deng ™
Fhiswill require carly moniro g and evalig-
tion with rapid feedbacl o watershed nan-
agerss Hlesible planmung qind unplementation
approaches need 1o he (h'\(-lu]n-d and tested
onospeafic watershed

thaster ad Gihlbs [uss)

Management projects

lIlll)l(‘lll(‘lllilli()ll

Problems assodiaied with implementation
obwatershed mmggemen plansresult fronn o
tumber of Lactors, jie ladmg: ch linde o no o
cal participanon. 12) madequane extension
techrcal assistanee provtams, 1) madequare
festiig and desele prent of 1 esoun e anage-
mentactionscchrdelins mothe delives v of ke
Mpuis, 1. tagmiented vovernmen: Orean-
Zdational soaciare, 6 conthionmge miteress
ATONY Y QT tons actors, (7 HLAPPLOPLLEE st
tonal wangemenis, and () pohiicad houneda-
vies unrclatcd 1o watershed homndan jes,
While this is only o Partial Bist of teasons for
madequate watcrshed managemnent, i hiol-
lights the diftionliies 1 My sovernment ot fi-
cals and the need for betie mlormation,,
whichreseandh can provide, 1o Hprove nmiple
mentatien of watershed management plane,
research s needed in resonce NLiagement
actions, implementanion tools, instinational
;unlulg.mi/;nliun.ll.m'.lngt-nu-nl\. ard evalua-

tion ind monttoring,
Resourer Mevisement Aot

Watershed ninagement programsinvolyve g
variety ol resource nrmagement swctons thit
are ditfuse and generally ocour over a ong
thne period. In the stmplest case, such pro-
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man-
apement practices. However, watershed min-

grams mvolve i set of wel-understood

agement progrims are olten moge complex
and involve significam changes inland use, In
mam cases the projects must include prictices
that nor onlh protect soil and witer resources
but aso ffer increased opportanities and in-
come for farmers,

Anadditional concern is with the transier-
ahility of technology and the social and heln-
oral aspects of particula groups. Fhe ability
of people o adopt new resource nemnagement
actons inust be considered both at the plin-
g and tplementation stages. Tomavy not he
clear until the implementation stage that peo-
ple are having difficuliy with, new practices.
Researdh s needed 1o determine il flexibilin
can he buth inno 5 program so that pracrices
can be adjisted or new tiplementation 1ools
such as training and education programs can
h('(l('\('lnlwd,

Roads i upper watersheds hun e o Mmajor im-
pactonborhy he phovsacalind so il conditions
ol the watershed, O Intornmuition on (hese
Impactsis largety from temperate areas, Simee
the cftecs of Toads on sotls and slopes in the
tropres and sabiropics are sencrally oreater
than i temperate zones, reseandhis needed (o
icasure these mpacts under o virien of cli-
mancconditions. The elfect of roads onsocial
condiions, pavticula  the IMIpacis oL migra-
Han patterns in the upper watersheds, needs

special resench attention.

Linplernentetion Lol

A tsk as HNPOrGIT as sele ting the appro-
Priate resotnce management actons is to de-
terine how each will be implemented. A
range of implementation 1ools, or poliev in-
struments. can be used (Hutschmid 1971,
Baumoland Oares 1979), heswe melude regu-
Lrtions, prohibitions, tises, subsidies, edien-
non, technical asistane, resettlement, in-
pricing,
sonng. licenses, fines, granis, and direct pub-

creased ot farm cimploviment,

he instadlation. The ey task is 1o provide (e

Gppropriate ncentives, economie and other-



wise, and then make sure the users under-
stand the management action and the incen-
tives. The use of implementation tools must be
as carefully planned as the varions manage-
ment practices that are to be installed.

Resettlement experience. Because one of the -
portant concerns for many watersheds in Asia
is the pressuve of population on the natnral
environment, land rescttdement programs
have been tried in a number of countries. An
evaluation of this resettlement experience is
needed incountries such as Indonesio and Sri
Lanka. Studies should compare the vesults un-
der different levels of population pressures,
cmploviment rates, land resettlement opporiu-
nities, and adjustment problams. These stud-
ies can help establish guidelines for resettle-
ment programs in upper watersheds.

Ducentives for anplementation. Two basic prob-
lems in upper watersheds involve ceconomic in-
centives and the need 1o design implementa-
tion tools that will apply the appropriate
mcentives. First is the difference between the
stall-scate or low-income Limer’s need for
short-term soil exploitation 1o obtain a mini-
mum subsistence and society’s mterest in
maintaining long-term soil productivity and
land resource stabilitv. The second kev prob-
lem is the ditference i benelits and oo s re-
ceived by upstreinm caltivators whose actions
generate high rates of soit erosion and down-
stre;un interests who experience the mostlhy
negative sedimentation impacis. he research
problem is to deselop, test, and evaluate alier-
native implementation tools o detesmine how
best to deal with these problems,

Extension ane tainig. Training and extension
methods need o be developed o provide ef-
fective lield-tevel change agents for imple-
menting watershed naragement projects,
Specific rescarch and extension needs include
determining how to: (b identfy existing ve-
source management svstems and rural condi-
tions quickly and reliablyv: (2) assess the pro-
ductivity of farming and agroforestry svstems,

especially for staple food crops: (3) identify or
devise technologies that raise houschold pro-
ductivity; (1) identify the skills needed by
change agents to interact eftectively with the
local community; (5 simplify and apply the
analvticalools of production economics to up-
land farming and agroforestry systems, based
on farmer information, to ensure program cf-
ficicney and to monitor change: and () de-
velop methods to effectively demonstrate wa-
tershed management benefits to watershed
residents,

Local enorronmental education. A related research
project is 1o deselop an eftective and accept-
able procedure for environmental education
among the hall or upland people ol Asia who
tend to beisolated and separated from the rest
ol society. Fducational materials mnst
I'he deliveny
svstem st reach the hall people i their vil-

use

terms that are understandible,

Lige setings, allowing for a two-wav flow ol in-
formatton. Dani (1985) suggests thatasiarting,
point for research might use the following
steps:

1. Determine farmers’ perceptions of envi-
ronmentil resources and the largest so-
crat group with which thev identity.

2. Discusswith farmersthe nature of ecolog-
ical processes and do ajoint evaluation
ol alternauve strategies lor resource con-
servation,

3. Examine with Lormers the nghland-low-
Lind interacine ecological problems and
the lowland policvmakers” perceptions off
ceological problems,

I Jointly evaluate the vavions programs for
development that would require water-
shed management actions,

A Review with formers the prosand cons off
various watershed management actions
and assess the possible benelits 1o them
and to Towlanders,

6. Develop ajoint management strategy for
implementation and maintain a dialogne
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 tlexible, and i similar dialogue would be
necessary: between lowlanders
makers. In that case, the roles of lowhimders
and the uplinders would be reversed (Dam
1985),

and decision-

Location specific information. Research should

he conducted 1o deterinine what local infor-
mation ix needed during the implementation
stage and how that information can besy he
collected. These comparative studies would
mvolve: (1) traditional resource management
systems and environmenii| Kaowledge: (25 en-
vironmental awareness ob watershed occu-
pants and how their awareness levels can he
raised; (3) sociocconomic and political chira -
terob watershed communities and the hound-
ries of their influence: -6 biophysical chara -
ieristics of the upper watershed: (5 vesonrce
tenure, and sec urity of ACCOSS TO Tesourees: (6H)
nature of firming and agroforesin svstens,
espectally the annual eveles i productivity
trends of staple tood crops:and (7 the actual
distribution ol project benefits and costs s
compared with the expected distribution,

Institutione! and Oreanizational Arvaciso ments

Institutions are colleetive conventions and
rules that establish acceptable standards for
individual and group behavion, reducing indi-
vidual uncertainn concerning the actions of
others (Bromlev 1982), Organizational -
rangements ivolve how lirns o LOVeTTHIeN!
agencies achieve goals: this includes how aeen-
tral plnining agency decides to implement an
irrigation project or how a minisire of power
and irrigation decides 1o allocaie warer for -
rigation rather than for power generation, In-
stitutions also help define
through Liws and administranive
which establish principles and guidelines for
their formation and conduer,

Institutional il organizational arvange-
ments often have heen neglected in project

organizations
decisions,
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planning and mmplementation. When g pro-
posed project will significantly change land
use, it will have o mijor etfect on the wrea's in-
stitutional arvangements, 1o ignore these el
feats usially condemns the project 1o poor
|)('l'tkn‘m;uu'('m'nlmigln failure,

Legal ramework. There is a dearth of informa-
ton available on the formal legal framework
under which watershed projects are planned
and implemented. Traditional taind use rights
are seldom well documented, apprecinted. or
understood, Work should be directed mto ex-
ploving legal foundations for effective Land
and water resource NEIAZEMent on i country-
br-country basis. he existing legal and policy
mstraments that aftect Lo use must he eval-
uated to determine whig incentives they pro-
vide tor adrernative land uses, Finally, institu-
tions that encourage the desired T use and
help mediate contlicrs arising from competing
Lnd rights and Tand use patterns mst he de-
veloped.

I addition, securing of Land lenure for wi-
tershed o UPas is necessaty i o cupants are
to-conserve and protect the warershed. Very
littde rescareh indicates how best 1o provide
this securin and 1o evaluate the response of
Frrmersto different levels of securin (Saplaco
TO8D). I soae cses o form of privivie owner-
ship wilt likely he appropriate, bug
COMMnn ownership waorks hest. Aliernative

i others

propeviv tights need to be tried and eviduated
under different soc iocconomic conditions,

Local participation. As mentioned carlier, par-
tcipation by target bereticiaries in both the
plning and mmplementation of vural devel-
oprment projects is recognized as a necessir
but not a sufticient condition for success, Re-
source management projects that do not in-
clade local participation from an carly stage
generally il o produce the desived results,
Howevern some aspedts obwitershed manage-
mentosuchas negative downstream elfeets, are
unlikely 1o be considered In upper watershed
residents, and the management agency must



maintain responsibility for basin-wide interac-
tions.

Participation by watershed occapants in
planning, designing, implementing.and evalu-
ating watershed mange gement projects will re-
quire information about organization at three
levels: (1) the voliev Tevel making the vt
patory approach legimare: (2) the agene
level, organicing people to facilitate paticipa-
tion; and (3) the village level, organizing peo-
ple to solve local problems and 1o become
more invelved in the chowee and unplementa-
tion ol projects.

Important rescarch topics include deciding,
how 1o butl { local capacities for implementa-
tion of watershed management projecis, which
can further the sustaimabiliny objecave: pin-
pointing the obstacles 1o elffective participa-
tion in watershed management at the poliey,
ageney, and village levels, exanining the les-
sons of successtul participatory approaches
used in natural resources management or -
ral development that ma be apphicable 1o wae
tershed management, and determining
whether certin activities and tasks are best
performea using participatory means: deter-
mining what we can learn fram existing (on his-
toric) traditional svstems of resource numage-
ment that may be applicable 1o warershed
management: and analyzing how we can help
burcacraciesto become cnablersof local action
if that s the appropriate strategy,

Management approaches Analvsis of available
numagement approaches is needed with spe-
cific concern for the organizational and -
ministrative problems. The analvas should
consider organizational structure, leadership,
communications, authoriey, and  Hexibibios,
These factors should be relared o e the type
of project under investigation single purpose
or multi-purpose and single agency or muhi-
agenevy,and (2) the etectiveness of the project
in meeting the voals of hoth the agency and
the witershed occupants, One general ques-
ton that needs o be answered is under whn
circumstiances Is it best to use central water-
shed-based authorities for implementation
versus local (political) administri dve units?

Watershed management programs and activi-
ties need to be linked with other forms of rural
development that focus on related problems.
F'he techniques developed in implementation
resestreh should be ased i chis analvsis (Faster
and Gibbs 1985, Finally, the resulis of case
studies should be synthesized i order to deaw
out the most important comnion conclusions
and implications for tuture project plannimg
and inplementation.

Involvement of other orednizalions o grons.
Participation i watershed nundigement pro-
arams ustithy focuses o government agenceies
and personnel the research communing and
members o1 segments of the targeted pepula-
tion. Fhis focus frequenty overlooks other or-
anizations whose imvolvement can ke a
positive contribunion.

Iwo particulin groups deserving antention
are nongovermmental organizanons (NGUS)
and private/commercil Hrms, NGOs can be
ol wanv different tvpes, tangimg from ssocia-
tions ol resource-consuning mdustries 1o
charitable and religious/missionary grouyps,
Anabhvses e reguired o identity whick NGO
existand e appropriate for assisting i plan-
ning. inplementing and evaluaring partcular
witershed programs,

he private commercial sector canalso pla
A positive tole in the fong-rerm, sustamed solie
tion of such problems as detorestation. Re-
wearch s needed to derermine how watershed
management policieswill cncotrage or discoun -
age imvolvement by this sector. Consideration
imustidso he given tothe vpes ol icentives thut
will cieonrage the private conmmercial sector o
he postively nvolved in the planning and ini-
plementation of watershed management pro-
ST,

Foaluation and Monioring

I fearning-hy-doing ™ approach to project
implementation is adopted, evaluation and
monitoring Gissessient) become a continuous
process to provide feedback 1o field-level im-
plementers and managers at headquarters,
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Implementation should not rigidly follow a sct
plan established ar (he planning stage bui
should change in
gained from assessiment and evaluation,

response to immformiation

Evaluation for managemend. How can assess-
mentand evaluation hest be incorporated into
the management siructnre 1o a hieve elfective
implemention of watershed-relied pro-
Jeets” What is needed s o svsiem in which the
information is ¢ffectivel communicated
among villagers, tield workers, and ageney
managers. Proper design of watershed nin-
agement plans for achieving a full vange o
physical, cconomic, and social objectives e
quires an understanding of existing social con.
ditions and the opportuanities and constiaints
posed by these conditions, Ihese objectives
need to be explicith integrated into the water
shed management plans ind specific siraie-
gies developed for muplementation and ade-
Qe monitoring,

Addinional questions qre involved in incor
porating evaluation wilh OngoINg manage-
ment. What particular constraings are -
volved in using evabuinion as i “leas ning tool”
i managements What evaluation tethods
ave appropriate under different ireum-
stinees: What information is most Hnportant
ateach level ol project activity, and how should
this i "ormadion he reported: How can the
maimenance of connmuniv-level dara base
aid inthe evaluation and assessment Gisk s

Measuring ol productivory and duzenstream
damages. How can betier techniques he devel-
oped o measure and incor porate the impacts
ol soil erosion ot on downstream areas (olf-
sitey and on soil pre-tuctiviny (onssite) in witer-
shed evaluation MOLHOTINg swstens> For
aogiven watershed mam differem pes ol
downsiremn damages can occur. Inoaddi-
ton, some of these damages will be cumula-
tive, while others relare closels 1o IO -
Fall events,

Policy Research Issues

Development and ool policies. A number of
broad (lc\'clupmvm and {ood policies can in-
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fluence watershed management; these in-
clude migration, emploviment, population
growth, food production, and incentives for
PrIvae sector activities, For example, a coun-
v may pursue i all-om policy off mncreasing
feod production that works Aganst o water-
shed managemen progrim trving o reduce
soil erosion with agroloresiny practices. Thus
rescarch s needed 1o study the eftects of dit-
ferent development and food policies on the
mmplementation and success ol watershed
management programs. How do migration
and population growth policies helpor hinder
watershed management efforts* How can re-
cional growth and cmplovment policies help
reduce populanon pressare in upper water-
shieds: Will the resolts of these policies be oo
Lorinhe tutire 1o be of sun help:

Separate sector policies. Countries have tended
to develop individuoal pohcies and relatively
dutonomous agencies tor cach natural re-
rauree sector—-foresory, agriculiure, rrigi-
ton, energy, mming. fisheries, and wildlife,
Fhe problenm is that many of these pohcies ave
cither fragmented or inconsistent. For exame-
ple the upstream mining policies in the Phil-
ippinesare in contlicr vith energy and ariga-
ton policies. This suggests the need 1o (1) ye-
view the individual resource sector policies
(g agricultmal policyy for consistency with
nattonal resource anagement objectives, in-
cluding those torwarersheds, wndd (2)studv the
various i al resouree management policies
o determine how inconsistencices cian be re-
duced. Teis particulaly Importint 1o under-
stand exactly how resouree use activities i up-
strearn areas intluence downstream uses,

Anotherareq ol potential contlict is the dif-
terence mong local, regional and natonal
purposes for witershed nuntagement  Loegl
participants tend o concentrate on the on-site
cltects and tend 1o ignore important off-site
elfects, The regional (river basing and nitional
purposes must he recognized <o that these off-
site effects can he taken g aecount. Locul
residents nin bhe resistant (o am practices tht
are primarilh 1o help the arban populition,
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Are there implementation tools and incentive
systems that will overcome this resistance?
Finally, in policy terms, the importance of the
iml)lcmclll;lliun stage of progran managenient
has 1o be fully recognized. Tn watershed nun-
agement programs i key element inimplemen-
tation is tlexibility, This strategy must be incer-

porated in the planaing stage so that managers
are not left with pracucesind incentive svstems
that do not work or need to be greatly refimed.
Research on lexible plioming miediods, Tocal
participation, and local information svstems
will provide some important insights into the
question of prograa flexibilits.

RESEARCH APPROACHES

A number of approaches can be used 1o ob-
tiin the necessary information to nuprove wi-
tevshed management, One ol the tnportam
considerations will he how to improve rescarch
capacity of cach country, Curventdy watershed
nunagement rescarch is aneglected topic.and
most Asian countries have only liaed ve-
search capabilities to work on watershed prob-
fems (FAO 19823 Thus there should be sup-
port lor vescarch in universities, rescarch
mstitutions, and similar organizations within
Asian countries, Rescarch activites of the tvpe
being started by the International Centre tor
Integrated Mountain Development (1CITMOD)
and by the Association of Southeast Asian Na-
tions (ASEAN)= United States Watershed Pro-
ject should be supportedand expanded. These
types of organizations can be of particalar im-
portance in establishing networks and studving
watershed imanagement problems that cut
across national boundaries. Phev canalso actas
facilitators and coordinators in the vegions,

Past rescarch on watershed management
has tended o consist of piecemeal responsesto
problems. This approach provides usetul in-
formation, but the mature of the problem sug-
gests a more vigorons and integrated effort,
Investments must be nade o increise e
search capacities and to start new inregrated
rescarch projects, while effortsire made to re-
dircet some of the ongomg rescarch.

Biophvsical information and research must
be organized and presented so tharivis readily
used by planmers, cconomists, and decision
nakers and can be integrated with economic,
social, politicol, and institntional studies. The
emphasis should be on watersheds where fu-

ture development is anticipated so that infor-
mation is available betore decisions concern-
ing development bise to be nade,

Fhe tvpes of rechnical relattonships needed
for watershed anadvses vary but should velate
the watershed condition and management
actions to physical ontputs thar have meaning
i cconomic, social, envibonmental, or man-
agement terms, Evenrmore tportant than the
Hiophysical relationships s the mtormation
concerning the ccononnie, socral, caltaral, po-
ical, and imsttotionad situgcton. Fois chis -
revinformation thatis needed to deselop strat-
coies s activities 1o provide solunons thin
are acceptable to local people and institutions.
However to obtain these results will reqguire a
redirectic ol research etforts,

The Approach

Sefected megrated vase studies can be an
ctiective approach particulinl o the Tegal,
poticy cconomic, institutional, and orgamza-
rional Lelds. Research should be based onthe-
oryand not be merely deseriprive. Forthe case
study approach to be effective, the cases
should involve five elements:

I Redinement o conpeeptuad frameworks,
models, and methodologies tor mterdis-
ciplinary analvsis of the behavior aned
performance of hiophivsical, soc il ceo-
nomic, institational, and organizational
clements of watersheds. Phe stting
point could be the conceprual model dis-
cussed earlier m this report,
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2. Formulation of restable hypotheses and
researchable atiestions with TCSPeCT Lo re-
ltionships amonyg the phvsical, biologi-
cal, social, cconomic, pohitical, instita-
tional,
operating in the concerned watershed,

and organizatnonal factors
Again, the section on research issues
\mlll(lIn-lln'\l;nling|>uinl4

3. The collection, anals sis,and inl('l'pn'l;l—
ton ol information on . tual experience
with resonrce NLINAgCment actions, im-

|)l('nn'nl;ninnmnlx‘nulilhllll:liuil.llnn-i

orginzatonal aangements in water

.\ll('(l\,

leased hiy,

4o Devising nicastines 1o tea the
adaptabilie o tansterabilion ol pe-
SOUTCE 1anmigement actions andd mple-

mMentiton tools 1o Pticular witershed

sHuations,

v

Devising APPrOPYLIe mcasures for mon;
toring the performiance ol waters)ed
management implementaion, ing luding
ex-post analvsis, and {or ohtaining feed
hick concerming changes in pPracirces,
tools, or institutjons,

Case studies should examine ST exper-
cnces and progress of ongoing projects in de-
\'(-lopingunmn'i(-\..\'pvt'i;zl;tll('mi(m\hnnl(l he
given 1o suecessful projects <o that there is o
careful anahvosas ol docimentinion of whag
hits worked, In addinon, pmoblems and con-
stradnts should he identitied and studied o de-
termine where the greatest difticaliies are
IKel 1o avise. Finalls, the research should de-
velopan over | pictane of pPastespericences, in-
cluding the ke CPPOCTUNItes, constraints, andd
lessons o he earned Brom expericnce with
pastwatershed pojects,

Ay such rescarch nns be a colluborarive

cltort wheo vesearchers fron developing
countries work divecthy witly those fram devel-
oped countries. Rescard hers and research in-
stitutes in developing countries s Pl i ke
role since they will continue the work over the
long Il 1o be s esstullthe research effon
must be v long-term program (10 1o 20 Vears)

to build rescarch and insii ol ¢ dApacities,

9y
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Another research approach is “action re
search™ where rescarchers actively participate
i planning and miplementing o watershec
tanagement project Fhis approach has beer
sapported by USATD inits work in Irigittion
witer management. The emphasis is on e
search results which can chiange the operatior
olanongoimg projectas researeh is conducted.
Ieis ditterent from traditional case studies,
which tend 1o look a completed projects and
develop mtormation solely (o improve future
projecis. Both Kinds of researeh are needed
and would involve the five elenenis suggested
For case studies,

Arelaed stateay would be (o use o pilot
projectapproach i which watershed manage-
ment practices are tested ander aciaal field
conditions helore the (gl project s hmple.
mented T his waonkd mean sele tga el area
merthesatarshed and hon mavilagers ise these
ntagement practices and o |n|»])i|1g SO,
michuding nees and giasaes. Different tools
would be used o ndduece the svillacers to adop
the destred measures, Such approaches woukd
help o bualed solid causal theories for water-
shied management projects and strong local
political suppoit,

Flie pilorstage man have to be preceded by g
rescarch program thar would desian and 1es
altermative CLopping or aeroloresin Practices
and sstems Once some ol these sVstes e
developed. the pilor plan could begin. Uniil
these practices and ssteims can be tested un-
der ol Firnnge and foresioy coneitions,
tall-seale warer shed HLIQgement project im-
plementation should nor g,

I some siteations, Lamers will need 10 be
shown that the new Practiicesare actually prot-
tables For these cases, a combination of pilot
project rechnical assistance, and traning nn

Le necessin, s the i phuse of the pro-

jects implementagion micht be a pilor projecy
. )

dong with sttt naining. Farmers conld o

recene traming a the pilo project slage,

A tther consideration in reseitnch ap-
proaches is the involvement ol o il people in
the reseinch, Where possible, they shoudd be

active participantsin the research, rather than



merely subjects of research. In this way, vil-
lagers will feel that they ave part ol the solu-
tion rather than merely part of the problen.
The involverment should start as soot s possi-
ble, evenat the planning stage of the vesearch,
Local people mav have objectives and infor
mation needs that, when added to the vesearch
ettort, will increase thenr interest in the study,
Locabinvolvementis essentinl when rescarchis
heing conducted concerning localinformanoen
svsterns, training, extension. cimvironmental
cducition, and meentive systems,
Aninportnt part ol ans watershed man-

agement rescarch effortis concern for the dis-
seminationof results, Special efforts and fund-
ing are needed o facilitate the exchange of
information among reseanrchers and benween
vescarchers and decision makers, Phis can be
done through research networkss workshops,
and training programs. Regional organiza-
tons suchas ASEAN and TCIMOD should pln
an unportant role i this tvpe o information
transier. Phe Fast-West Centerowith s expert-
ence i sponsoring workshops and triining
programs on Asian and Pacific problems, can
also plav arole thioughout the region.

SYNOPSES OF WORKSHOP PAPERS®

An Overview of Watershed Management
Research Needs

Integrated Watershed Mavagement o Asiaand
the Pacifu
KNI tiam Easter and RKevwneth NCBrooks

Among the mostimportant problems facing
the countries of the region are the need fora
continued increase in agricultaral production
1o meet rising food demands, the management
ol Torest and Tuelwood resources, and the con-
trol ol excessive soil crosion thit s silting reser-
voirs and irrigation systems, exacerbating low -
land flooding, and depieting the produactivin
of upland arcas. The use of the watershed as
the management unie in both the planning
and implementation stages cnadinefforts to
overcome these chiallenges, The use ol awaer
shed approach is by no means new and is -
creasinglv aking hold in Asiac Phe application
of the concept usually focuses onmanaging
the upper reaches of yiver bisins. There e

*Notalbauthorsof papers hacdin opportunit tocomment on these synopsesstesponsibnling 1
authors of this repor . Some o these paperswilhappea in tered o a torthconsing book, W d Movaigonant

few examples of its use in the context of fully
linking upland and lowkind development.

I'he approach has proven ditficnlt to use
the past for reasons concerning the nature of
the resonree management problems that i
seeks tomitigate. Most management activities
conducted i warershed-based projects, such
as soil conservation practices or retorestation
cltorts, are spatiatly and temporally ditfused.
Since then imned e retarns are not appar-
ent. and most benetnsacerne during a longer
terta, the political and timancial atractions ol
such activities e fimited.

However, based on existing knowledge of
the miteractons among natural resourees, hu-
nan resoutces, and social institntions mtropi-
cal and subtropical warersheds, one i con-
Clude that management problems ave both
tormudable and moneed of mmediate atten-
Hon i omansy locations. Research has shown,
for example, that Livge Hoods are nearly imevi-
table but may be fanther ageravated by river
sedimentation and channelization: the quabity

A0y e cnactes s assied by thie
Do Duaterding

Pl Approach, edited by K, Willian Easter, John A Bisonand Maviard M Tatschiondy For more intormation on tie book,
contact the East-Weat Center. For origimabversions of the workshop pepers,contact the authors tsee Fistol Particpantsi
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of witer in streams, rivers, and Likes and of

groundwiater can be drasticallv altered by wi-
tershed disturbances: crosion s sedi-
mentation are closely velated to sob cover and
areamerrelued with changes in Lvdrologic
provesses. Untortunatchy, these biophvsical
data are seldom produced i usable Tormars

tor deciston nmurkers,

Research rebving 1o the miplementation off

wittenshed projects, 1he mstitutional contes

within which projects are inmplemented, and
Hhe CCconomic criteria used toevaluate projecis
v much less developed than the hiophysical
Knowledae, A greane anderstanding of the -
stitutional aangenients, which aninhibic oy
Lwtliaze implementarion of watershed muan-
AZEDIENT GCtvities, is needed. Strong evidence
mdicates that a ke element missing from mos
ruial resource niag, meat an developient
programs hasheen aclear medhiniag foren-
suring the partcipation of local communities
m the planning i implementation Process,

Uhree recent FAPY workshops focused on
the linkages hetweer tesearch and effective
watershed management. 1he fieg workshop
mvestivated the role of DUl SOUSTens aseas -
ment as o otool for Imli(’\lll.ll\('l\ and showed
how technical information i Knowledge
be used 1o generare policy alternatives tor pe-
sources nanagement. I he second workshop,
onriverand reseryvon sedamentation, stressed
the need o anals il Based case stadies 1o
provide oudelines for warershed nge-
ment. The thivd won hshop considered the of-
fects of forest Land e on crosion ;i slopie
stabiliny and stressed ol Huinagement over
ree mamtenance as . hey 1o Improved upper
watershed managenaent,

Fhe nigor cioses of these FESOUTCe g e-
mient problemis stem from arcadh nereased
demands for Land and land-hased products,
Very Targe developaner Projecs are often -
plemented withou adequately e ounting tor
their adverse mpactss such as soil crosion
caused by road construdtion, Few effores (o
quantify dinages are available and while the
fundamental principles behind erosion and

sedimentation are understood, specifie dat

from Asia and examples linking hillslope and
channel processes are facking. Finally, a seri-
ous undersupply of trained people to support
management activities and multiple objective
planning, and a need for greater politcal will
to conduct such planming, are sl eritical
problems,

Thetime is right to initiate an mtegrated in-
tevdisciplinaey research andd trainmyg effort on
watershed management in Asin and the Pacitic,
learning
from: past experience and knowledpe, which

Such an effort should he based on

then should be mcorporited into ongoing and
lutare programs and projects. Itmust he inger-
disciphinary, using methods capable of combin-
g the most rigorous analvsis of ey disei-
phines. This majoretfort must also be long-term
atk colluborative, ideally on the sme order as
the progran 1o develop Asian agricultural unie
versities during the 1950 and 19605,

The Watershed as a M;mugcmcnl Unitand a
(.I()n(‘cptuul Framework for Integrated
Watershed M;m;lgcmcnl

Fhe Watershed as o U for Planving Rural
Deelopunent Projects
Lawrence S Hamilion

Fhe choice of administrative boundaries for
plimnimg and implementation of rural devel-
opment programs and projects is not an idie
concern. Boundaries must be relevint o the
Principal plioaning issues, cover saflicient na-
wral and social linkages o operate as o fune-
nonal unit,
mentation,

and allow objective plan imple-
Fheyv i he detined on the hasts
ol admimstrative, CCONOMIC, social, political,
vegetative, or topographic factors or some
conbination of these,

vnder certain cranmstnces, a watershed
can serve as the most appropriate unit for
plinning raral development programs and
projects. Where interactions among land, wi-
ter climite, andd people are the nutjor focus of
development, the watershed appears to have
many advantages as a unu, since these interic-
HONS are mosi strongly expressed within jrs
bhoundaries,



Several criteria may be used to evaluate the
appropriateness of the watershed unit. ‘The
kind of development envisioned—especially

the extent to which control or management of

witter resources is imvolved - —can he an inpor-
Lant indicator. The watershed should also be
distinguishable from other units on the basis
of its providing sutficiently strong hinkages
among ccononiic, social, poliical, and natural
svstems, The development envisioned should
Lirgely be contained within the rviver basin
witha minimum ol Teakages in cither biophysi-
cal orsocial terms. The topography must allow
for an adequate definition ol the watershed
boundaries. The mstitutional wnd organiza-
tional arrangements should either exist or be
developed 1o suppaort the use of awatersh edas
a management unit. Finally, the unitis casier
10 use in arcis where the cconomic and social
SVSLeNs rentiin relatively simple and confined
within e spatially constriianed area.

T'he watershed is capable of integrating nat-
ural and social svstems o effectively plan and
manage rural development programs and pro-
jects, T captures the major biophusical pattern
of downstream water flow, the process of
dovnstream energy flows in the form of Ki-
netic energy to be tapped for hvdropower, anid
the transter of nuirients, sediments, and pol-
Tatants. The wittershed boundary canalso cap-
ture many significant social sustem linhages—
especiallv i developing countries where
upland-lowland and vallev-to-valley differ-
ences i ethnic groups and cconomic speciali-
zation oceur, T rural aveas social svstems e
interwoven with ccological svstems, and eco-
logic processes ave highlighted in watershed
planning.

Finally, while the watershed has great valid-
ity for planning under many circumstances,
the nstitutional and organizational wrrange-
ments necessiry lor the use ol the watershed
in the implementation phase of the manage-
ment process are seldom m place. The man-
agement unit forwater use and for human ser-
vices (Les, the farm, a state forest, an cthinic
community's boundaries, ora political district)
is seldom coterminous with the hvdrologic

unit, This creates an inherent challenge for
the use of watersheds in the implementation
stage. Planners sheudc suggest the vazious -
plementition strieegies and those appropriate
QIOUPS, POWET SHUCTUIeS, imstitutions, and
nianagement units that appeanr o be the most
likelv candidates for change toaid inthe use of
the watershed unit. Continuous information
exchiamge and education concerning the basic
valichiov of the watershed as an integrating unit
will adwans be required.

Watersheds as Functional Regions: A Case Study of
the Hawaran Alpaa
Josepli R Moy gan

An example of the validine ol using water-
sheds as plinning unis tor rural development
can be Tound in the ancient Tawatan land use
svsten A most importmt unit of Land was the
alnepiaa, a functional region with houndaries
determined by topographi divides that sepit-
rated mdividual drainage hasins or wigevsheds.
he alnpuaa was hothanatural region inwhich
(here were sutlicient resources to completely
aisGin the community inhabiting icand apolic-
ical division under the control of o chief. The
chicl. or ali, was thus bhoth envivonmental man-
ager and polivical ruler. Sinee the alaswere de-
pendent on the product ot the land and s sus-
rinahility, and were also bound by a number of
sensible rules (kapnesy that had cvolved over
hundreds of vears, they tended o manage the
resourees prudently, Uhe ahupuaa system
worked exceptionally well tor ihe subsistence
socictics of pre-contact 1 Lwail

'he svstem began to break downdier 1778,
when Captain James Cook opened the iskinds
(o Western influence and introduced the Ha-
witlians 1o a trading cconomy that subse-
quenthv sy uvlanted their former subsistence
ceonomy. The breakdown was aceelerated by a
general Toss of faith in the fapus, which also
were religinus in natnre and ashifttromea fea-
dal svstem of Tand use to one based onindivid-
wal ownership of land Finalhv o Western-sivle
government, in which adinistranve units no
longer coincided with the watersheds, evolved.

x),")
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Although
omy, the ahupuaa svstem of Tand use-—with its

cepeiated ina subsistence ¢con-

attendant miatagement of resources for sys-
Lained productivity - provides lessons that can
bevaluable o todi Senvivonmental and polit-
el leaders,

A Conceptual Frame oo, fortualysis of Wateyshed

Management Programs

Mavnard A, Hoaufsehmds

Asanvaid in classih my the importani proh-
fems and issues that Lace wiatershed manige-
ment projects and programs. 4 conceprual
ramework for watershed nLuRgement is sug-
gested. 1o accommaodine watershed manage-
ment, detined s the process of formuiating
and implvlm-nling dconrse of action in\'nl\’ing
neanpulation of the natural svstem ol g wager-
shed e achieve specitied objectives, the frame-
workis designed with three clemients,

The tirg elemen is concerned wih the
manner i which diserere Projects are planned
and implemented, From this perspective, wi-
tershed management ¢an he thought of s i se-
quential process of separated but ke shiges,
nameh, planning, design, nstallation, SICHE
tion, and mamcenance. In additon to this in-
car sequence. monitoring and eviluaiion
mechanisins provide feedback of infon nation

10 allow fon mprovements in project planning

and tplementation, Tn 1 he second element of

the frimework, watershed management s

pereeived g plasmned svaem consisting of

atagement actions, implemenation tools,
andinstitution.l arvangements, Here the em-
phasis s on dya g clem distindtions dmong
things 16 be done, win of geving them done,
andithe apeney, legal. traditional, and otherine-
stitutional G organizanonal boumds th
make up the contest in which the planned sva-
Five thivd element of the
approaches watershed nnage-
ment from the standpoint of the actiy ities and

tem must operare,
framework

tasksthat ane 1o he planned and implemented.
These activities consist of laned use assign-
utilizziion and man-

Illilll"lg(,‘lll(‘lll

MRS, on-site resource
agement practices, and off-sire
pracrices.

26

The three dimensions of the coneeptual
framework mav be combined 10 define 45 dis-
crete tasks in watershed Panagement, but in
practice it may be more manageable o deal
with one or two of the dimensions in isolation.
aanselul checklisy
hoth tor analvzing plnning and implementa-

The framework provides

ton tasks and as guide for ex-post analvsis,
Whether used sz pl;nming(H'(li.’lgm)slir tool,
the framework highlights the Importance of
considering the mlc()l'insliluli()nsuml()rguni-
zations i waiershed nanagement,

Biophysicnl Prm(‘iplcs for Inlcgmled
Watershed M:mugemcm

Multiple sy Implications of Watershed
Meanagement
Leter I, Fiollion

Muliiple use is cited as o guiding principle in
i discussions of winershed management,
However while there has heen lirtle difficulry
m gaining aceeptimee o the muliiple use con-
ceptoathas had Tess suceess as o working ool of
Fhe multiple use
concept niy be area-oriented and applied 1o

watershed management,
units of land or it may be resource-oriented
and applicd 1o particular nataral IesOUrces,
When applicd 1o Lind units, it refers 1o the
production management of various re-
sources onca specific Lindd management unit,
When applicdto g pacticular natural resource,
madiple use refers 1o (e uttlization of i re-
source for various PUrposes,

Uhe basu objective ol multiple use is 10
manage the natural resougee complex for the
most beneticial combination ol present and
Fhice overlapping options for
tse numagement of watersheds gre

future nses,
multiple
concurrens and continuons use of watershed
resourcest alternating, rotating, or combining
resource products: and/or geographic separa-
HON ol TesOouree Hses,

Problems with the applicadon of multiple
use planning in watershed management stem
in part from the tesource-oriented hias of
plmners relative 1o the arci-oriented con-
cerms ol implementers, In addition, the need



to have estimates of natural resource produc-
tion and to express the internal and external
benefits and costs of o land management svs-
tem present particular chadenges to the appli-
cation ol multiple use principles in watershed
numnagement.

Despite these challenges, the muliple use
framework can be used 1o provide watershed
managers with anarray of economic relation-
ships designed 1o aid - decisions. However, it
should also be anticipated that there man be
policy and mstitutional issues thae nst he
resolved before a Tand management svsrem
becomes operationai within a muliiple use
context.

The Potential Role of Agroforestry in Dntegrated
Watershed Management
Napoleon TV ergara

Significant populations of upland farmers
located in upper witersheds of Asia must be
accommodated both now and into the future,
Both lowland farmers displaced by populaiion
pressures and upland ethnie communities are
reluctant to move from upper watershed
catchments. Unfortunately, farming practices
of these populations, under incrcasing land
pressures, are leading o a greatly inereased
scale of land degradation in the uplinds. At-
tention should be focused on formulating land
use strategies that can make feasible and ac-
ceptable the use of these uplands by Fming
communities. This paper proposes that agro-
forestry svstems-—combined forestry/ food
crop farming —meet these eriteriaand repre-
sent an important potential lind vse pattern
for upland watershed areas,

Among the several candidaies for upland
land use svstems, including torests, food crop
farming, and pasture-grasstands, agroforesor
s some significant advantages. Properly de-
signed and maintained, svstems combining tree
and food crop cultivztion can provide stope sta-
hilization and erosion control while producing
crops in demand by subsistence farm families.

Agrolorestry svstenms can maintain the produc-
tivity of upper watershed land resources
through reducing the exportof plant nurients,
minimizing crosion and runott losses, increas-
ing the rate of natural nurrient inputs through
the use of nitrogen-tining trees and tood crops,
and the judicions use ol tertilizers o add nuiri-
ents from outside of the svsten,

Sustainable agroforestry svstems, by k-
ing possible contimuy of upland production,
could ehiminate many reasons tor resettlement
ol upland finmers. There is evidence that
where Tormer swidden cultiviniors have been
allowed 1o choose thenr wen min of rree and
seasonal crops, agroforestiy sustems canofter
an accepteble sedenvary ahernative to shifting
agricultural practices. Research studies also
suow the long-term cconomice viability of many
agrotorestry svstems,

Significant challenges remam i further ex-
tending the use of agroforesory sustems as up-
Lind Laind use alternatives, Forest admistra-
tors renain lgelv opposed o nonforesin
uses of upper watersheds, butmany are begin-
ning to understiand the need o deal with peo-
ple as wellastrees, Land tenure insecurity will
continue o inhibit the viabitity of agroforestry
svstens for some tiime to come. he inaccessi-
biliey of uplaned areas, perishabiliny of many ag-
roforestiy: products, and small production
scale assocrned with agroforestry svstems cre-
ate markheting problems chat Further constriin
their viibiliny, Ettores to include local commu-
nities in the designool agroforesory sestems will
need to he increased i ecnology adoption
problems are to he overcome,

Needs for further research to support these
clftorts can be divided into two categories. Bio-
physical vescarch should focus onthe identiti-
cation of arcas suited 1o agroforesiry, on the
consequences obits e, ondesign of viable svs-
tems, and on the svstems” relatnonships 1o
broader watershed management abjectives,
Sociocconomic research should concentrate
on adoption constraints, cconomic viability of
svstems, and the interaction benween local and
regionabmanagement objectives,
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Economic, Behavioral, Social, and Institu-
tional Factors in the Planning and Imple-
mentation of Integrated Watershed Manage-
ment Projects

Ecenomic Asprety of Integrated Watershed
Munagement
John A Dixonw and K. William Faster

There is a natural logic to the watershed as
anorganizing unit for physical and hvdrologi-
calamalvsis stemming from the unidire tonal
How of cause and effeer l‘('l;nium‘hi}).\. Like-
wise, there is i strong cconomic logic tor the
use ol the watershed as an analvuical unit, This
follows trom the tow ol phvsical Factors and
the fact that actions i one part of the water-
shed can have eltects on another, sometines
distant and ustallv downstream, part of the
waicershed.,

Akevrole of cconomic analysis i the water-
shed approachias toidentify and then imterl-
iz¢ externalitios (i.e.. where some ol the bene-
fits orcosts ol an action ave received or horne
by individuals who are not mvolved in deci-
sions relating 1o the action). Most of the hene-
tits or costs of decisions can be included in the
analvsis when the watershed LNt is used, since
mest ol the externalities are internalized
within its boundaries,

Economic analvsis of 0 watershed project or
plan will usually be done in 2 benefit-cost or
project evaluation framework. A Financial anal-
vsis may be conducted in which only those hen-
elits or costs thin directlv attect individuals or
firms are considered, Alternatively, an cco-
nomic eviluation may he made in which exter-
naltties are included, and benelits and costs are
counted as they alfecr socici s welture., Such
analysis often indicates thay colicy actions and
the development of institational and oraamizg-
tonal arrangements e needed 1o make the
project both fimancially and cconomically prof-
itable, Institutions or administrative
dures must ofien he established so than peaple
upstream. for example, can gain from actions
tiaken 1o beneli people downsiream,

I)l'()('('-
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Certain evaluation techniques aid in the ef-
fective mnalvsis of watershed projects. A cost-
cHectiveness approach may he used o compute
the cheapest wav (0 achieve predetermined
goalwhen the volume or value of benefits from
this goal is difticult 1o estimate. With and with-
ot analvsis compares the sitution that will
likelv occur if the project s ruplemented with
the no-project situation, Ex-ane analysis pro-
vides assistimee in decisions relating o alterna-
tive acticns before the project is built, while ex-
postanalvsis allows us o learn from experietice
after the project is operating. Discounting, an
essential component of benelie-cost analysis,
provides & mechanism whereby henefirs and
costs that occur at different points in time may
be compared and weighted, Many techniques
for the valuation—quantitication and monet;-
zation—of the varions inputs and outputs of
watershed-based projects exise, and inovative
approaches are rapidly developing, Sensitivigy
cnadvsisisauseful means for identifving critical
assumptions in watershed managemen, plans,

While cconomic analvsis is onlv one part of
the watershed management process, it is in-
portanc 1o have the cconomics of the project
clearlv detined. The use of both Financial and
cconomic analvsis is crucial 1o his process,
New procedures {or valuing project benefits
and costs make the analvsis much more com-
prehensive, and this is aided by (he use of the
watershed as the unit for analvsis. A critical
gap, however, remains in our quantitication of
the downstrem Inpacts of upstream resource
usescand a concerted effort 1o hetter quantify
these downstream effects is needed to turther
mprove the quality ol cconomic analvsis ap-
plicd o watershed-hased projects,

Behaivioral and So wal Aspects of Ditegrated
Watershed Management
George W Lovelaze and A Ty Rambo

Ancanalvsis of the belavioral and soctal as-
pects of wanershed management is best con-
ducted from a human ceological perspective
i which two semiutonomous and interre-
lated svstems, the natural ceosvstem and the
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social system, are seen as interacting with one
another. The two svsiems are linked through
exchanges of energy, materials, and informa-
tion—the natural svstem being altered to suit
social system needs and the social svstem
coevolving with the natural in continuous
adaptations,

These svstems are open, and relatively dis-
crete pairs of systems in the upper, middle,
and lower portions of watersheds interact with
cach other through both direct and indirea
flows. In upper watersheds, for exampe, com-
munities with very different social s stems
may be in close proximity, with one group
practicing sedentary agriculture on the valley

floor while the other maintains o svstenn of

shifting cultivation on nearby hillsides.
In contrast with the generally downstream

direction of flows within the natural systems of

awatershed, thece is a decidedb upstream tlow
of social and caltural influence as lowland pop-
ulations encroach on those in the uplands, Wa-
tershed planners and implementers must ree-
ognize that social system factors such as culture,
idcology, ethnic relations, and religion often af-
fect the viability of nimagement measures just
as strongly as cconomic or technical consider-
ations. Morcover, lowland and urban biases
tend to exist amonyg planners; these biases fur-
ther inhibit understanding o social and be-
havorial variables operating in upland areas.
The application of a human ccological
framework to the analvsis of social and be-
havorial obstacles to eficetive watershed man-
agement highlights the complexity of the sys-
tems and of the management rask. It also
directs project planners and managers to op-
tions relating cither o the improvement ot ex-
isting land use patterns or to the mtroduction
of new patterns that are sustainable within
both the natuval and the social svstems. The
current state of knowledge in thisareais weak,
with inherent problems in the mransterabilin
of such knowledge. Much greater etforts are
needed to meet the information and institu-
tional developient requirements of watershed

nuanagement plans, which seek 1o adequately
consider the social and behavioral aspects of
ther implementation,

Lmplementation and Institutional Aspecty
of Tutegrated Watershed Management
K. William Easter and Ciristopher Gibin

Growing concern about Ligh levels of soil
crosion in the upper watersheds of Asio and
the downstream effects of such erosion has
prompted increasing efforts to HIprove water-
shed management. The introduction of effee-
tive management measares has been ham-
pered, however, by neglect of institutionaland
organizational arrangements i the imple-
mentation phiase ol watershed-related pro-

jectsand progrims, Institutions ave defined s

the rutes that govern individual o1 group be-
havion while organizations are more formal-
ized manitestiiions of comventions such as
Fanilies, tivms, governmental agencies, or po-
lincal units,

Forcach alternative watershed management
measure considered in the plannmg, phase, a
range of implementation tools and mstitu-
tonal and organizational arrangements must
he considered it the necessary tisks are 1o he
combined inan etfecrive implementation svs-
tem. The literature on policy implementation
provides guidance 1o the kev questions that
must be answered at the program or project
level it a reasonable opportunity tor eftective
mplementtionisto be assured. A central con-
chusion, which may be drawn from ananalsis
of this literature, is that user participation and
flexibitity —the ability 1o learn and change
as the program progresses——mist be buil
into both the planning and implementa-
tion phases.

Institutional analvsis indicites that it is aot
sutlicient to define new watershed manage-
ment practices that are technically and eco-
nomicallv superior to those carrently i use:
new or modified institation: " arrangements
must complement these techniques il they are

()
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to be adopted. T'nus, at the policy, institu-

tional, or operating levels of decision making

on natural resonrce management alternatives,
institutional arvangements are monre usefull
considered as variables than as asstmptions
(e the statas dquot. Moreover institutions in
theirnonorganizational form are embodied in
properiv rights, which define
and creare incentives,

opportunities

Usefullessons regan ding incentives for indi-
vidual action, for collecrive action, and oy ye-
source conservation man be dhiawn from the
experience with irvigation witer nenagement
Ak Fhis Tieerature alse provides helptul
guidance velating (o organizational issues such
astarmer partic pattion in planiing andd imple-
mentation, organizational meentives, coordi-
nation within ovginizational hicrarchies, and
Criteri forevaluaring matagement tisks,

Research Needs for Improved Watershed
Mmmgcmcnl in Selected Asian Countries

Status of Waterhd Mavagement Research and
Identifiation of Needed Research in Indonesia
Lngtkal Sutadipadja

Indonesia faces severl pressing witershed
management problems, On the deasely popu-
Lated islands ol Javicand Badi, forest Linds are
encroitched Hpon beciuse ol population pres-
sures, and in the aplands, steephy sloped non-
forest lands are used miensively tor food
crops, resnldting m very high levels of soil ero-
sSton I less denselds populated areas aleang-
alang chmperata oy lindy g argrasslands and other
crmical Linds dreexpanding rapidh,

I response, during the Fourth Five Year De-
veloproent Phan (198 . Sothe Government of
Indonesia idemificd 0o ISUPCE prioring warer-
sheds among 36 prioving watersheds for the
conduct ot retorestarion o torest Lndsand e
greening Gitforestation) of nonforest Linds.
Fhe objectives of these programs are 1o control
or mmiimize upland soil crosion and adverse
lowhind effecrs of deforestation, 1 inerease tup-
L productivity and Larm mcomes, and 1o
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strengehen the nataral resource tonservation
awareness of upland farmers, These prograums
ATC St cross-ageney cooperative elfort and are
implerented at the provincial and districr fev-
clsowith special assistinee from the Minisiry of
Land Rehabiliciion and
Soil Conservation Centers, Sinee 1976, maore

Forestry and iy 1)
than 1.230,000 hectares e heen relorested
and almost 3.5 million heciares regreened,
withthe Ltest tree survival Lates at 67,5 percent
and H6.3 percent, respectively, for the two pro-
grams. I addition (o the tree planting, benel
tervacing and cheek dann construction are also
mcereasingly mport components of the re-
greening program. Gains from tlye pProgranm in-
clude preater farmer awareness o conservi.-
ton, beter coordination among agencies for
watershed management, good results with
beneh terraces and diy Lind Cropping svstems
for some agro-climiitic zones, particulariy those
with slopes of Tess than 50 percent: and good
results with the use of the faungva svstem for
relorestation, with check darms, and with 1he
cornidor svstem {or reforestation on isdands
otherthan Java,

Research is needed 1o respond o actors
that have limied the success of these pro-
granns. Imediate atention is needed 1o het-
ter document warershedd milormation, de-
velop viable land use practices for slopes of
tmore than 50 percent, devise an inexpensive
and standardized land evidhuwition process for
Indonesia, aevelop beter forest fire control
techiniques, <l('\'(~ln]) better information con-
|()g;;illg
adapt conservation rech-

cerning the relationships herween
and soil erosion,
mHques to particular agro-chimatic conditions,
conduct olf-firm emplovment studies in the
uplands, develop betier mtormation on griss
aed forage Crops for use onterace risers and
foragri-silviculiure, establish permissible soipl
loss rites by soil tvpesdevise beter upiand es-
tension methods and curviculum for water-
shed managemens training, develop alerna-
Hves o shitting cultivation, and study the
legalaspects of warershed management. his
reseitrel will be ('h;l”('nging ducto weak coor-
dination, standardization, and imformation
transler among the existing rescarch agen-



cies. Better links need to be formed with pol-
icymakers who currently do not use rescarch
findings and arc often more interested in low-
land issues.

Soil Conservation Researele in Tropical Watersheds:
Status and Implications for Future Research
Programs and histitution Building

Van K. Hadervlie

Indonesta’s wiatersheds can be broadly clas-
sificd into humid watersheds that are cither
densely or sparselv populated and dronght-
prone, sparsely populated watersheds. In the
past, land use management problems associ-
ated with cach of these three watershed tvpes
have Lurgely been dealt with ona project basis,
Efforts are now under wav in Indonesit to de-
velop a national prograue of conservation ind
watershed managementcoordinated by the di-
rectorate general ol Reforestation and Land
Rehahilitation.

Past research eftorts have focused on bio-
physical aspects, but the direction is heginning
1o change in fuvor of greater attention to socio-
cconomic and institutional aspects of water
shed management. Eltorts are also needed to
overcome the lowland bias of past agriculiural
research. A long biophvsical rescarch agenda
includes improved soil loss measurement
techniques; development ot a standardized
fand capabiliny classification svstem capable of
accounting for the special needs of densely
populated uplinds: work on the productivin
ol drvhund werraces: better integration of soil
moisture management and sotl conservation
rescarchs crop residue management studies;
field testing of the data on cropping systes
and integration of this information into a
farming svstems approach, including livestock
and vee crops; development of steep slope
(>50%) management techniques and farming
svstems: work on developing vegetation for
highly degraded eritical Tands: and studies on
open griazing nimagenient practices for the
casternaslands. Research of o non-biophysical
character is needed o develop better exten-
ston techniques and the means o obtain and
nse local information in the planning and im-

plementation stages ot watershed projects. k-
onomic evaluation techniques to measure the
benefits and costs of watershed management
practices need turther development and appli-
catior.. Both horrzontal and vertical communi-
catior hannels Tor the tanster of mforna-
tion relating 1o watershed management need
improvement. The issue of Tand use ethiciencey
and the possibility of exchanges ol steeply
sloped agricultural Linds for flater forest
lands will eventually need 1o be studied.
Greater atiention needs to be given to the so-
cioeconomic and soil erosion mfluences of
roads in upland arceas. While the capaanty 1o
conduct much of this research already exists
the Ministry ol Forestry, the Ministry of Agri-
culture, and the universities, a0 national re-
search fortm or some other mechanism s
badly needed 1o help with the coordination
and programming of the rescarch effort.

Status of Watershed Management Researcl and
Hdentijication of Needed Researel i Nepul
Kwmna - PoUpadhvay

Nepal's natural envivonment can be divided
into three zones: the mountain zone above
4,000 meters: the hill zone benween 506 and
1,000 meters: and the terat zone below 300 me-
ters. Population pressures on the mountain aned
hill zones within the agricalturally based econ-
onw are causing high upstream soil erosion and
runofl vates. The consequences are down-
stream sedimentaton and flooding through
the terai zone and o northern Tndu,

Nepal has o good Tistory of efforts at mte-
grated watershed management during the pist
two decades, Among the - engths of these pro-
grams and projects are concerted arempts o
achieve local community participation. Never-
theless, these efforts have had problems
achieving measnrable benetits, Participation
has proven difficult io achieve, and assump-
Hons regarding the resilieney of the natural svs-
tems have been overlv optimistic,

Althougl Yoth applicd and basic technical
rescarch have been conducted by several agen-
cies, such research is stll in s infaney, Aside
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from some limited work in the area of in-
creased communiry participation in
shed project activities, institutional and plas-
ning researcly relining (o waiershed g e-

water-

Mentisalso just beginning, Rescardh priovites
include studies of HRENagement steategios for
conmmunityv-owned lands: development of
e ase eviluation models 1o did manah zing
L use options for farniers: pilot activities 1o
investigite the nature of tragile or higlih
croded Tind and 1o develop rapid zaessment
methods for TEASHEING CTOSION 1ates: o sfady
ol appropriaie design criteria, suitable soeu-
tarestorditicrent forms ol crosion,and i bhen-
clit-cost study on stoructu al measares Jor ero-
sion conol; and development of cuidelines
lor mipact monnoring and evaluition of wa-
tershed maragemen projects, o obtain
tmelyspplicd resalis i Lunding support, an
acton research approach should he adopned.

Restorog the Bl e 1 Methodolugy for
fesearch and Tmplementation

iy cAlmad Doy

During the past centurs, political, ¢cco-
Aaomic, nd demographic changes hive ore-
ated pressures on 1he geologically voung and
naturally fragile Hindu-Kush Himinan re-
gton. Upkind detorestarion cused by agricnl-
tiral expansion, todder requirements, and
tuehwood collection i procecding ara rapid
rate —-exceedimg the nargyal TCLeNeranve ci-
pacity of the forests i mam eas Frosion re-
sulting in sedimentation of reservoirs gl
rver chiamnnels, and comsequent downstream
Hooding, wre all of MO CONCErn 1o gonern -
menisol the vegion,

The Tmernationa Cenne fop Integrated
Mountain Development (1GIMOD)

promote the cconomically and cnvironmen -

seeks o)

tallv seqnd development of the Hmountam ¢co-
svstemand o mprove e Iving stmdards of
mountim populations Trintends o sey Ve s
information ¢lea mghouse and a consultative
centerinscientific and rechnical matters tor all
countriesolthe region, Fhe emphasisis on 1he
application ol Rnowledgae 10 actial develop-
ment sinitions,
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LCIMOD takes a broader view on witershed
management than just the soil and water con-
SCTVAHON aspects——i view thit mvolves the use
of watershed bhoundaries 1o define logical re-
gions for planning and mplementation of
Fhe combination of
the natarad ceosvstent and the sociil svstem

NLUEIZCINCN activities,

within the watershed management approach is
vital s o basis for conceptualizing and design-
g programs (or the countries of the Hindu-
Kush Himalavan region,

UpLand communities have traditionally re-
tatned ouside ot the mainstremn nl\m'i('l)’:
thevare plivsically and cconomictlly isolared,
Fhevare increasing Iy being drawn into the af-
Faies of nation stares, however, and thes 1ail 1o
the
low-

understand why thev are asked 1o P
price ol conserving resources 10 henetit
Lainders, Conversely, many lowlanders main-
tiin stereatvped atitudes toward upland resi-
dents whom they pereeive as backward and
rrational, Fortunately, an appreciation forthe
uplaonders” envivonaental and Lind use man-
agement knowledge is growing, Nevertheless,
uplanders arve only margimally iivolved i de-
cisions affecting munagement plans tor their
communities,

Fhus, soeil, political, aind cconomic im-
halances mav he as grei as ceological jm-
Balinee, and 1he Luer cannot he restored
without restoring the halance in human rela-
tionships. A suggested approach o vestoring
this bhalance focuses on (he power of informa-
donand the estaidishmen ol aprocess of envi-
ronmental education in which upland commu-
Hities participate fullv in the didlogue aboun
the wise numagement of uplind resources,

Management of cngat Wateriied, Norzagaray,
Bulacan, Philippie,
Jose I Cantro

Phe Natonal Power Corporation of the
Philippines has the authoriny for protection,
development, and conservation of matural re-
sources i a number of the nation's upper wi-
tershediareas, Together with the National -
gation Authority, the Burean of Farest
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Development, and other related agencies, the
National Power Corporation seeks to develop
the potential of these watersheds. Their objec-
tives involve hvdroclectricity: production,
flood control, upper watershed preserviation,
and the provision of domestic, industrial, and
irrigation waiier supplies.

An example of these efforts can be found in
the management of the Angat upper water-
shed in Central Luzon and s dam, completed
in 1965, Signilicant biophvsical dataare avail-
able on the evergreen diprerocarp torests,
soils, and geology of this 368-square kilomerer
drainage arei watershed, A new studv seeks o
determmne the 35-kitometer reservoir's sedi-
mentation rate during the pase two decades,
Conscervation and protection strategies focus
on maintaiing the forest throush reduction
of unauthorized forese use and the construc-
tion ol fire breaks, The developmentand anli-
zation steategy includes experiments with ag-
roforestry and fisheries development to assist
the Dunagat cultural minorities as well as tocal
fishing communities in the watevshed.

Watershed Management Researeh aind
fdentification of Needed Research
in Thailand

KNasem Chunkao

Characteristies of "Thaitland's watersheds
vary greatly according to climatic and soil dil-
ferences. Agricultural growth in Thailand
during the past several decades has Lorgeh
taken place through expansion of agricultaal
lanas into torested areas,

Only during the past decade hasaregionalls
and Biophvsically comprehensive rescarch
program on witersheds been started. Priorvity
arcas fov future research include develop-
ment of guidelines for Lind capabihty classifi-
cation and land use plaming: studies of water
resources development and water qualiny:
work on sediment transport and land deterio-
ration as related o land and resources nuliza-
tion; evaluation ol forest cutting policy: stud-
ics of land use certiticate (Sor Tor Kor) policy
guidelines and rural development poliey: de-

velopment ol beter policies relating 1o private
forests: puidelines lor watershed and torest
Linds zoning Tor protective and productive
uses; evaluation of forest Tinws and forest pro-
tection and reserve poheve and the develop-
ment ol anational forest policy as an essential
component of national environmental and re-
sources planing,

Status of Watershed Management Research
and ldentification of Needed Research in
ANIEN Cowntries

Severo R NSaplaco

A ASEAN-US Watershed Project was be-
gun in 1983 to develop a network to produce
watershed nunagement research for produc-
tve and protective upkinds, with emphasis on
reducing soil erosion and improving water
quality, quanmtioy, and distribution. Under the
assumption that the ASEAN countries share
certain common watershed management
problems, this project began by holding o se-
ries of seminars in the Philippimes, Indonesia,
and haaland,

Based on the evidence presented at these
mectings, itis clear chat, due to manpower, fi-
nanciad, logistical, and insttational sapport
constraints, very livde research is available i
usable form o watershed management plan-
nersand implementers within the ASEAN re-
cion. This indudes rescarch on hvdrome-
teorologic, sociocconomic, and instrtional
topices.

A number of priority rescarch needs were
identified, including the study of the biophvsi-
cal imd non-biophysical effects of changes in
upland forest, bush, and grass vegetation;
changes i farming and agroforestry svstems
in the uplands: changes brought about by land
nunagement practices: and, more generally,
the process of uplimd Tand use intensification.
Also needed are model watershed develop-
ment experiments, greater efforts to conduct
integrated and interdisciplinary watershed re-
scarch, attention to the need tor liberalization
ol upland lind use rights in Favor of upland
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residents, stndardization of research meth-and policvmakers. Also neededd are beter use
odsand reporting, and greaterattentionto the  of scaree reseineh expertise and greater finan-
links hetween researeh and the needsolwater- cial commitments 1o watershed management
shed management planners, implementers,  research andd manpower developient efforts.
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