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Identifying the Needs.
In the Beginning....

The generally poor performance of Third World irrigation
and the accompanying low performance of its irrigated
agriculture, underlie the current emphasis by donors, lending
agencies and host governments on improving irrigation water
management. This phenomenon is not new; the United States
Agency for Interrational Development (USAID) has long
been concerned with this low performance as well as efforts te
achieve better allocation, distribution and use of irrigation
water resoucces at the field level, These efforts began in the
1960s as part of the Avency's assistance program to Turkey.
This thrust was continued in the 1970s with expanded efforts
in Pakistan and Egypt which included ficld studies aimed at
gathering information and gaining an understanding of the
nanagement aspects of irrigation design, development, and
operation. However, while helprul to the direct recepients,
these early projects lacked a way to capture what was learned
and to put it in a form that could be disseminated, adapted and
used in similar situations in other countries,

Water Management Synthesis Project

The Water Management Synthesis Projects (WMSI and
WMSI!) were conceived to help remedy this shortcoming by
reviewing and analyzing USAID's carlier efforts as well as
those of other donor organizations, to synthesize these
fincings and what has been learned, and to makv these
f'ndings available to both the Agency and others working in
‘irigation water management.

During the early years, the main focus was on developing
and conducting field-based training courses for irrigation
professionals and the dissemination of the collected informa-
tion. While interdisciplinary training programs were con-
ducted in both India and Sri Lanka under WMSI (1978-83),
which was implemented by Colorado State and Utah State
Universities, only minor attention was given to technical
assistance. This, however, became a major component under
WMSII (1982-88), which included assisting USAID missions
and host countries with project deign and evaluation,
irrigation sector analysis, action research, field studies and the
assessment of training needs. Cornell University joined with
Colorado State and Utah State to take lead responsibility for
implementation during this followup phase. This phase also
continued the carlier emphasis on the synthesis of knowledge
and its dissemination, including workshops and conferences.

The United States Agency for International Development

USAID administers the U.S. Government's foreign
assistance program, which focuses on helping people in devel-
oping countries acquire the knowledge and resources to build
the social, economic and political institutions necessary for a
better life. USAID believes that the way to combat poverty is
to encourage change in policies that are detrimental to
economic development, to support the development of
institutions ¢schools, colleges, ministries) that contribute to
economic ¢ .velopment, and to transfer appropriate technol-
ogy, necessary to bring this about.

Increased food production and a higher standaxd
of living has been the goul of the Water Manage-
n:ent Synthesis projects .

WMSII represents USAID's first attempt to combine the
resources of separate offices within the Agency to fund ana
manage an assistance project. WMSIH has not only fostered
collaboration and cooperation among the AID missions, the
geographic bureaus, and the Bureau of Science and Technol-
ogy. but it also has been effective in accessing the best
technical expertise in irrigation, water management and
making this expertise available to the Agency's irrigation
program.

To date, the combined effort has begun to substantially
affect the Agency's irrigation development strategie . It has
also led to better coordination and to focused reviews of
project papers to better overall project design and to formu-
late a more consistant and effective overall program in the
irrigated sector.

The Consortium for International Development

The Consortium for International Development (CID),
which was selected to implement the Water Management
Synthesis 11 Project. is a nonprofit organization of 10
western universities. Utah State and Colorado State, along
with Cornell University, jointly led the Water Management
Synthesis 11 Project. Cornell University is not a member of
CID, but because of its expertise in irrigation development,
cooperated with CID in this project.



The Water Management Synthesis I Approach

"By the completion of WMSII ( 1988). interdisciplinary
analysis of lrrigation projects in developing countries had
become the ruiv rather than the exception.... International
donor agencics and speciulized international institutions
had adopted, or were moving toward, interdisciplinary
appioaches to irrigation."

These conclusions were drawn by the external WMSI;
review and assessment team in the draft of their executive
summary. This wi >t the situation that existed in October
1982 when the pre =ct began.

"To develop and disseminate more efficient waler
management technologies and practices to increase
agricultural production and rural equity” has been the
objective of WMSII. To accomplish this objective, irrigation
issues must be dealt with as an interrelated set of socio-
technical issues. To do this effectively, the approach of
WMSII has been to rely on the use of joint interdiscipli-
nary teams which concentrate their effort at the field level.
Joint teams | ~expatriate and host country professionals were
initially required if both the interdisciplinary process and the
local institutional issues were to be understood. A emphasis
on field-leve! investigations is needed if the site-specific
nature of the sorio-iechnical issues is to be understood. In
countries, where WMSII has worked over a period of time,
eftective interdisciplinary teams can now be comprised of
host country professionals.

With the WMSII approach in mind, the project was
designed to assist host country and mission professionals to
improve irrigated agriculture. This design was based on the
need for farmer participation, joint interdisciplinary teams
and inter-organizational cooperation, In keeping witl this ap-
proach, WMSII personnel have tried to strengthen the
institutions in developing countries that plan, design,
operate, maintain and evaluate irrigation systems. The
WMSII program of technical assistance, fraining, technology
transfer, and special studics has synthesized irrigation
experiences and applied them in specific settings to make a
major impact on irrigated agriculture throughout the devel-
oping world.

In Pursuit of Professional Development

WMSII was established in recognition of the need for
developing a solid core of well-trained, in-country techni-
cians and professionals to handle various interdisciplinary
aspects of wrrigated agriculture. These professionals are
needed to rehabilitate older systems, to construct new
systems without repeating past errors, and to manage all
systems efficiently and fairly. To do this required involving
the client-farmer, understanding the agricultural system
through an interdisciplinary team, and formulating organiza-
tional arrangements that enhance irrigation development.
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Farmer Involvement

frrigation projects in developing countries often have
provided the farmer with the physical structures of an irrigation
systein without developing an accompanying information
network or other social and organizational tools. The lack of
communication and organization has contributed significantly
to the poor management of many irrigation systems. Farmers,
not irrigation agencies, are the producers of agricultural
products. Therefore, farmers must be viewed as an integral part
of successful irrigation systems,

Joint Interdisciplinavy ‘Teams

WMSII personnel view an irrigation system as comprising
many parts -- cach person may only see part of the whole
according to his discipline; vet, working together the team
members can construct a more complete understanding of the
irrigation system, and its problems and solutions. By having a
team composed of WMSII and host country professionals, the
team can have good access to site-specific information and a
working set of general coricepts for analyzing irrigation
systems. Both are required if the constraints and potential of a
particular irrigation system are to be undc: stood. Using their
combined knowledge, the team: can create a program that
successfully serves the needs of government and the farmers,

Interagency Cooperaticn

In most countries several agencies are involved with
irrigated agriculture -- an irrigation department, an agriculture
department, and a planning and development department, for
example. Improved management of irrigated agriculture will
involve new approaches to organizational coordination.

oit the variety of WMSI activities.
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WMSII carried out four types of activitiez--1) technical assistance
in irrigation for mission and host country professionals; 2)
training nsfer for various levels of host country
personnel involved with irrigation from senior officials to
farmers; 3) special studics, especially action research, for im-

provement of water management; and 4) adminjstration and
support provided the facilities, equipment, and personnel to carry




Synthesis: A Process and a Product

The goal of providing the means to increase agricultural
production and rural equity through improved water manage-
ment has posed an exciting chailenge for the Water Manage-
ment Synthesis Project. This goal was accomplished by
eiaphasizing a "synthesis” effort. Synthesis can be viewed as
both a process and a product which results from the synthesis
process.

Synthesis as a Process

A great deal of the synthesis effort in the Project was
aimed at developing effective ways of analyzing irrigation
systems in terms of the socio-technical 1ssues involved, The
synthesis process requires us to understand the elements and
how they can be combined for the most effective contribution
{0 ugricultural production and rural equity. The emphasis on
the synthesis praeess is necessary because cach irrigation:
system has umque social and technical characteristics.
Therefore, the identifcation of operational solutions to prob-
lems must be site specific. This can be done most effectively
if there is a well understood method for identifying problems
and solutions. In order to explain such a method, some of the
selected examples of WMSII work in the remainder of this
Report deal with the synthesis process.

’
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Synthesis as a Product

As the result of WMSII work involving the synthesis
process, we've been able to develop synthesis products in the
form oi sets of interrelated concepts. These concepts can be
used to help frame an effective analysis of a system by
providing a mcans of organizing relevant facts, understanding
what is taking place and predicting what will happen if
changes are made in the system. The sets of concepts needed
by a particular decision maker will depend cn the needs of
that decision maker. The situation is further complicated by
the fact that as we continue te learn more about irrigated
agriculture, we will need to update and modify the concepts.
An cffective working set of concepts must therefore be
viewed as evolving over time. It is within this framework that
project activities have provided the basic ingredients for
another type of product that helped bring about changes in
host countries’ irrigation policies und their irrigation programs
for training, rescarch and development. The growing cadre of
capable water management professionals is particularly
noticeable in the Asian countries where WMSII personnel
have been most heavily involved -- India, Sri Lanka, Pakistan,
Nepal, Thailand, Bangladesh, c2:d Indonesia. Building
institutions in these countries has also been a major focus of
WMSII activity.

With its programs in technical assistance, training, special
studies and technology transfer, WMSII offers developing
country governments an approach to involving farmers in
management decision making and to better communicate and
work with faiers.

The Proje«t has provided technical assistance to USAID
missions, developing countries, and regional institutions to
help design water management projects, monitor and evaluate
those projects, develop training programs, and consult on
problems identified by the missions. Training ¢nd other
tecanology transfer activities have been used extensively to
build host country capability in water management, Special
studies have given priority to research for particular topics in
irrigated agriculture that will have practical benefits to a
country or region's efforts to iinprove water management.

This WMSII team in Thailand is measuring con-
veyance losses in the channel by using a current
meter. These losses will be examined not only
technically, but also from the socio-economic
aspects to see what the larger problems are and
how they may best be solved. This will require
synthesis as a process.
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Synthesis: A Conceptual Framework

Accomplishments of WMSH might best be stated here as a
set of working conclusions which are based on the numerous
studies conducted by WMSH personnel.

Farmer Participation

WMSII work demonstrates the importance of meaningful
farmer participation in the operation and management of
irrigation schemes if those schemes are to be sustainable over
the long term. Effective furmer participation depends upon
the nature of the scheme and ihe characteristics of the society
Farmer panicipation can often contribute to better design. On
large irrigation schemes farmed by small holders, some
formal mechanism for farmer participation is imperative for
sustained, effective irrigation. Few, if any. irrigation agencies
can sustain central control over a large number of farm
turnouts delivering water to a lurge number of {armers,.

Small-Scale Irrigation

WMSII has helped demonstrate the importance of small-
scale, locally-managed, irrigation works to the overall
irrigation scctor of many countries, The project also has
identified some of the major constraints to achieving better
nublic policies and zgency programs for small-scale irrigation
development, These constraints show the need for investment
policies that induce mobilization of local resources, better
technical design procedures and agency arrangements to
improve farmer-agency interactions. Many of the findings re-
garding small-scule irrigation also apply to the small hydraulic
sub-units of large-scale sysiems.

Organizational and Hydraulic Interfaces

[f irrigation schemes are small, there may be only a single
level of organizational and hydraulic structure. However,
even relatively small irrigation schemes may have organiza-
tional and hydraulic hierarchies. In such cases, the interfaces
within these hierarchies need tc be dealt with effectively. On
many schemes there is a point where control of water shifts
from an irrigation agency to a farmer organization. It is
important to develop explicit rules for points where the
authority for water control is transferred and the organiza-
tional and hydraulic spans of control need 1o coincide.

Main System Management

WMSII work has found that most main systems work in a
way different from the way they were designed; a manager's
expectations may also differ from reality. The first step in
dealing with these kinds of problems is to design and operate
a monitoring system that will give reliable information on the
behavior of the main system. The second step is to develop a

model. calibrate it to the panicular system, and use it t¢
forecast the hydraulic resuits of alternative ways of managing
the system. The managers can tiien begin to use the main
system more effectively in ways which make a productive and
sustained irrigated agriculture feasiple. WMSIT has developed
the first generation of such main system management models.
These efforts permit us to see the potential for the continued
improvement such models make possible.

Identifying Constraints and Opportunities

Identifying constraints and opportunities for irrigated
agricultare is best accomplished by an interdisciplinary team
working at the field level. A well-defined set of concepts
specilying 2 synthesis process for analyzing irrigation systems
has been formalized in a WMSII program called dizgnostic
analysis (DA). DA is an interdisciplinary field study of
irrigation systems to understand the performance of irrigated
agriculture and identify the constraints and opportunities for
improved performance. DA workshops have been nsed exten-
sively under WMSII to identify constraints and opportunities
of existing irrigation systeras. The results of these workshops
have been demonstrated repeatedly: experience has been
used as a basis for developing operational plans for the
improved performance of the systems. An integral past of the
DA Worskhops has also been the use of a host country
counterpart team.

Farmers need to be involved in all phases of the
development process in irrigatea agriculture.




Ramchand Oad, a CSU professor, works with a
Bangladesh irrigation prefessional to check field
channel flow during a DA Workshop.

While less structured than DA, the same general principles
have been applied in developing USAID project identifica-
tion documents and project papers, in the joint field studies in
Africa and in rapid appraisals. The basic approach involves
the use of an interdisciplinary team working at the field level
to understand the problems constraining improved perform-
ance. In most cases, the team was a joint team comprised of
both WMSII and host country professionals. Training has
been an integral part of such efforts. While the effectiveness
of this approach has been demonstrated repeatedly, experience
has also demonstrated the import nce of adapting cach effort
to the particular system being investigated and the characteris-
tics of the host country personnel involved in the effort.

Education, Training for Effective Irrigated Agriculture

An education and training program designed to promote a
more effective irrigated agriculture should involve at least
three groups of clients: a) irrigation professionals from both
technical and socio-economic disciplines, b) farmers from
irrigation schemes, and ¢) senior officials who either make or
react to policies which intluence irrigated agriculture.

Senior officials need appropriate training and education
related to irrigated agriculture so that they can understand and
advocate changes that may not be fully accepted with midd!e-

level managers in irrigation or related agencies. For example,
a meaningful farmer participation program often needs
support from high officials if the grassroots efforts by farmers
are to be effective. Farmers need to gain a better understand-
ing of on-farm water use, how irrigation schemes work, and
how the actions of an individual farmer can influence the
well being of all farmers on the irrigation scheme. Irrigation
professionals also need to be well-trained within their
discipline. Irrigation professionals need to understand the
range of socio-technical issues that are relevant for irrigated
agriculture. Therefore, irrigation professionals also need the
experience of working within an interdisciplinary setting at
the field level if they are to help their country develop and
maintain an effective irrigated agriculture.

Management and Coordination

Irrigation schemes need to be managed separately, but
they also need to be managed as part of a country's program
for agricultural development. The success of a program for
irrigated agricuhure in a country depends on establishing good
working relationships among different organizations and
officials. A good dean of coordination among organizations
and officials is required if such a program is to be effective.
For this coordination to occur, the organizations and officials
must reach at least a working compromise on the specific
objectives for an irrigation system. Once this agreement is
accomplished. the effectiveness of individual activities must
be evaluated in terms of their contribution toward accomplish-
ing this agreed-upon cbjective.

While many carly WMSIH activitics incorporated an
implicit recognition of the importance of management and co-
ordination, only later were WMSII activities in Pakistan and
India specificatly designed to deal with management and co-
ordination. These activities integrated the use of general man-
agement principles by involving management professionals as
members of WMSII interdisciplinary teams. While the
WMSII experience is Timited, the potential for improvement
in management and coordination to contribute to increased
agricultural productivity and rurai equity seems to be consid-
erable.

Note: Ideas and criticisms provided by host country profes-
sionals and officials have been particularly valuable. The
advice and counsel of USAID officials in identifying
problems and feasible solutions have also been helpful. In
addition, many development professionals who have had no
direct association with WMSII have made significant
contributions in their published and unpublished writings.




Project design by development agencies has become
increasingly complex and bureaucratic. While the motivations

for comprehernsive design are laudable, the resulting processes

can be cumbersome and the utcomes of limited value.
Concern with the form of the design process and its final
product has led to sufficient discussion among host country
colleagues, the AID Mission staff, and external consultants,

For the past several years the Water Maragement
Synthesis I Project has assisted a number of AID missions in
developing project ideas and materials, background papers,
project identification documents, and project papers, as well
as examining project strategies and specific projects in
process. To capture the experience with this design process
that WMSII personnel gained, a conference was held al
Cornell during the spring of 1986. The major lessons learned
are presented here.,

The Planning Process

Most AID missions do not have a large enough staff of
experienced professionals to lesign irrigation projects without
the assistance of outside consultants. Consequently, outside
consultants play a key role in nearly all AID irrigation
development design activities. Less frequently, they also are
involved in pre-project background and identification
activities,

AID’s design process includes three Key parties: the host
country, the USAID Mission, and AID/Washington, Each of
these three parties brings to the process particular views and
concerns that it wishes to see reflected in the project design,
Producing an approy od project design requires agreement on
a broad conceptual level and on a more detailed level of
project objectives, procedures, and outputs,

The consulting team is expected to formulate a design that
will be acceptable to these three parties. To do this, it must
draw on technical expertise and experience in a range of
irrigation projects and combine this with the country-specific
knowledge held by host country colleagues and USAID staff
(and perhaps by some team members). Creating a setting that
facilitates this flow of information and Joining of knowledge
and experiences is an essential requirement for effective use
of the external team. In the following paragraphs we suggest
how this can be achieved by considering several issues: team
composition, developing the scope of work, preparing for the
tcam, teamn activities, the policy context, combining
institutional and techaical components, and using the tcam in
post-design activities.

Team Composition: Who Should be Included?

In the irrigation field, there has been growing recognition
that irrigation development is a socio-technical process that
requires the contributions of several disciplines. The result is
widespread agreement that sound irrigation project design
requires planning by a team able to deal not only with the
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Ray Norman of Corneli checks Sflow measurement
in Niger. Project design can be improved when

long-term studies such as this are done.

technical issues of engineering, environment, and crop
production, but also with economic, administrative, and
organizational issues and policies.

The hallmark of WMSII project design teams has been
their interdisciplinary composition. The team, which usually
had expertise in engineering, agronomy, economics, and
social science, also had a majority of team members with
prior experience in applying the concepts of their profession
to irrigation problems. In addition, the team leaders were
professionals with estabiished records of viewing irrigation as
a multi-faceted enterprise, and thus were able to help team
members to more effectively integrate their separate
contributions. A majority of WMSII team members have
been U.S. professionals, but a number of teams have
successfully included national professionals. National experts
have been most effective when they had specific irrigation
and interdisciplinary experience.

Interdisciplinary teams can be expensive to ftield, and in
some instances, missions have suggested including their staff
(expatriate or nationals) to fill one or more team positions.
This has advantages since it can provide to the team a direct
source of information on mission experiences and plans.
However, assigning a mission specialist to a team when that
person lacks irrigation experience in applying his or her
discipline is not satisfactory.

This observation is distinct from the desirability of
including the USAID staff member likely to be responsible
for subsequent project management as an active team
member. Having the USAID officer participate in project
design process will increase his or her understanding of team
conclusions and suggestions and may serve to enhanc: his or
her commitment to the final project proposal. It will also
allow direct input of mission concerns.



Preparing for the Team's Arrival

The key to preparing for the team's arrival is achieving the
right balance between too few and too many prior arrange-
ments. Preparation involves assembling resources that they
are most likely to need, while leaving the detailed use of these
resources to the team itself. Three sets of resources are
essential: documents (including information from AID, the
host country government agencies, other donors, and local and
international researchers), official briefings with senior
USAID staft and key host country officials, and logistical
preparation (including prior clearance for internal travel,
scheduling of transporation facilities, arrangements for
interpreters, and local officials to accompany field visits).

If possible, the mission may wish to assign to a staff
member the responsibility for these arrangements. An
alternative is to have the consulting team provide a team
member who arrives in advance of the main team to make
arrangements.

Team Activities

WMSII experience suggests that external teams need to
strike a suitable balance among the following activities:

1. Obtaining adequate background information.

2. Visiting project areas to become familiar with the
physical environment, the conditions within the rural
communities and households, and the capacities of the
implementing agency's field staff.

3. Meeting with host country colleagues, policy-makers,
senior government staff, project implementors, know-
ledgeable academics, and other observers to obtain an
understanding of experiences. current situations, and
intended future directions for irrigation development.

4, Discussing with USAID staff broad policy objectives,
Mission strategies, and current and past project design
and implementation experiences; and, as the work pro-
gresses, frequently discussing with mission staff the
emerging project dimensions.

The team needs time 1o assimilate and organize tuis new
information, and to formulate project implications. In several
WMSII projects, the design process occurred in two phases
with several months lapsing in between,

Considering the Policy Context

Project design oft.n neglects to consider the affect of broad
government policies on project success. Often, little opportu-
nity exists to modify state policies for a particular irrigation
project. Where policies are either absent or non-supportive of
project means and goals, project designers wiil have to accept
these conditions as constraints to plan around or will need to
incorporate policy modifications into the project plan. Good
irrigation project design requires attention to policies affecting

economic and fiscal issues, tc policies that affect institutional
matters, and to policies that affect the rights and responsibili-
ties of local organizations. USAID can assist the consulting
team with these matters by including policy concerns in
scope-of-work statements, insuring that the team includes
staff able to do this review. and helping the team gain access
to relevant background information.

Combining Institutional and Technical Components

Sophisticated technology for distributing water will have
little positive impact unless accompanied by appropriate
institutional rules and organizational arrangements. However,
a number of features in the design process often act to
separate this essential connection. The external team may
include a technicai expert and an institutional specialist, each
with distinct responsibilities. The host country agency may
have many competent technical specialists, but few who are
knowledgeable about institutional matters. Usually, there is a
tendency to give precedence to technical decisions and to sec
institutional matters as merely supportive of the former,

To surmount this problem, the members of the external
team should be carefully selected. A second corrective is to
require that the design process identify technical alternatives
for cach problem. These alternatives can then be examined in
terms of the institutional arrangements required (o success-
fully operate and sustain them. In this way, choices can be
made that incorporate both technical and institutional consid-
crations. [n addition, the design process can make implicit
assumptions explicit and unambiguous. Thus, there should be
discussion of the institutional assumptions implied in each
recommended irrigation technique and technology and in each
institutional arrangement proposed. This explicitness will
facilitate making sound socio-technical choices and avoiding
projects that install institutionally inappropriate technology or
that create institutions not supported by cffective technology.

Best Approximations

There is growing awareness that development planning is
ineffective if viewed as drafting a blueprint. While the
capacity to collect and process a wide range of design data has
increased, the limits of planning and the negative conse-
quences of overplanning also have become evidenr. What is
needed in designing irrigation projects is a start based on a
few sound propositions and providing a set of procedures
whereby learning and needed corrective action can occur.

Thus, external consulting teams should have the responsi-
bility to develop designs that formulate a sound action --
identifying critical objectives and broad strategies for achiev-
ing them. These designs should also set procedures and staff
arrangements for developing means to implement strategies,
for examing the outcome of implementation, and for enacting
corrections as required. The irrigation project design should
contain within it modes for identifying and resolving emerg-
ing problems.



Supporting Missions

Diagnostic Analysis

Diagnostic analysis is an interdisciplinary field study of an
irrigation system to understand how the system operates and

to identify the priority constraints to improved management of

the system. Agronomists, agricultural engineers, agricultural
economists, civil engineers, and sociologists or extension
personnel combine iato an interdisciplinary team to develop
the understanding of the system. frrigation system analysis in
most countries has involved an interorganizational study of
irrigation.

Diagnostic analysis has evolved into the concept of devel-
oping an information base for & management intervention.
The interorganizational involvement results in a common
understanding of the management objectives of an irrigation
system and the priority of needs for improvement to achieve
the objectives of the system. Managment intervention is a
collaborative planning process involving multiple levels of
interorganizational management to develop a plan for improv-
ing the structures, tacilities, and management of irrigated
agriculture.

Diagnostic Analysis -- Its Use and Impact

The first workshops were held in India and Sri Lanka.
Since then, India has used dingnostic analysis in several states
and projects to improve irrigation management. In addition,
11 Water and Land Management Institutes use diagnostic
analysis training for professional development and action
research to continue improving the management of irrigated
agriculture,

In Sri Lanka, diagnostic anulysis workshops have been held
by the Mahaweli Development Authority and the Irrigation
Department to initiaie improvement in irrigated agriculture,
Recent studies on four tanks have been the basis for designing
a4 major irrigation systems manageient project and for inhiat-
ing the management intervention in those projects.

Bangladesh aird Nepal have also used diagnostic analysis
workshops 1o initiate improvement in irrigated agriculture.
Though no follow-up activities were conducted by WMSIL in
Bangladesh, training and improvement programs are reported
to continue. Nepal used diagnostic analysis results to design
an irrigation improvement project and then used rapid
appraisals (rapid diagnostir analyses) to identify appropriate
projects to include in the improvenent program. These
improvement efforts are continuing in Nepal.

Diagnostic analysis concepts provided the basis for recent
field studies in Africa for Zimbubwe, Rwanda, and Niger.
These field studies were canducted jointly by host country
and WMSH teams. Knowiedge of the needs of irrigated
agriculture in this part of Africa has been eapanded, and a
basis has been established for further management interven-
tions.

The most recent eftorts in diagnostic analysis have occurred
in Pakistan where the concepts for field-based studies of
imigation projects were initially developed in the 1970s.
Recent efforts in Pakistan focused on an initial training
workshop for personnel from all four provinces to learn the
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An agronomist interviews a Sri Lankan

Sfarmer as part of the Women in Development
component of a Diagnostic Analysis Workshop in
Sri Lanka.

concepts, principles, and practices of diagnostic analysis.
Then diagnostic analyses were conducted in each province to
identify \he needs in irrigated agriculture in selected projects.
Management interventions used the resulting information for
a multi-organizational and multi-level, collaborative planning
process to develop an inter-organizational management plan.
Experience at implementing these plans has shown that
significant improvements in irrigated agriculture, organiza-
tional coordination, and farmer involvement can be achieved
as a part of the management improvement process.

The primary lessons from diagnostic analysis in many
countries is that knowledge of the needs in irrigated agricul-
ture can come only from careful study of the operating
system. Using the diagnostic analysis methodology on a
continuing basis is an important strategy for improving the
performance of management in irrigated agriculture.



Identifying problems in irrigated agriculture necessitates active farmer participation. Here a Sri Lankan
social scientist interviews a farmer to find out about his irrigation practices.Working together with the
farmers to solve complicated problems maxes irrigation officials work more prodi.ctive, as well as
easier.
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Improving the management of irrigated agriculture has
become one of the themes of WMSII through the emphasis on
irrigation systems management and small-scale irrigation
systerms. The interest in improving management focused on
Pakistan when it requested start-up training assistance for the
Command Water Manogement Project in 1984,

Initially, diagnostic analysis training and development of
computer-assisted management plans for the subproject areas
in each of four provinces was proposed. After the first diag-
nostic analysis training workshop, AID/Washington facilitated
the cooperative effort of WMSIT and the University of
Maryland to combine irrigation and management expertise in
their assistance to Command Water Management (CWM) in
Pakistan,

Management improvement focused on facilitating a multi-
level, multi-organizational problem-solving and planning
process to develop a management plan. The management
plan addressed the needs of cach irrigated area to achieve the
objectives of irrigated agriculture.

The Procedures Followed

Diagnostic analysis studies were conducted in subproject
areas in cach of Pakistan's four pravinces (Baluchistan,
Northwest Frontier Province, Punjab, and Sind). These studies
developed an understanding of the current performance of
irrigated agriculture and the constraints to iinproved perform-
ance. These interdisciplinary and inter-organizetional
(Command Water Management, lrrigation Departinent, On-
farm Water Management, Extension, and other organizations)
field studies included the distribution of canal and tubewell
water {main system); the watercourse, tield and drainage
systems (on-farm system); crop production; farmer knowl-
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edge, and decision-making (farmer involvement); and returns
on investment. The problems were considered from the
perspective of the farmers through extensive farmer inter-
views and were confirmed or elaborated through physical and
biological measurements. The results of these studies were
the basis for generating organizational interest, involvement,
and commitment. The information base was effective in
initiating the m di-organizational and multi-level process.

An organizational development process (called the
Management Training and Planning Program) was used to
follow the diagnostic analysis studies. This program lasted
one month in cach province. The MTP Program brought the
operational field managers from the involved organizations
together for a series of workshops in which the following
goals were accomplished.

. A common understanding of the problems of the project
area and their organizational roles and responsibilities
was reached.

189

. The information from the diagnostic analysis and the
knowledge und experience of the participants were used
10 plan solutions to the problems identified and to define
roles and responsibilities.

3. The management plan was completed using a multi-
level and multi-organizational review and input process
1o develop long-range goals and one-year objectives,
activity plans, and coordination and monitoring
mechanisms,

A common understanding of the problems requires coordination among irrigation-related
agencies. To get that understanding, it is helpful to have data-based information.
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Results of the Diagnostic Analysis and MTP Program

The results of the diagnostic analysis and MTP Program
suggest that an effective process has been developed and
applicd for improving the management of irrigated agricul-
re. As the results of the diagnostic analysis siudies became
available, organizations at various subprojects began to
change their statements about what problems were important
for Command Water Management to address. FFor example.
nitially. reliab lin and equiny of water delivers to the tails of
the canals were not considered wop priority needs. When large
variabilities o flow began to be observed, and average flows
observed were less than 30 percent of design, then equity and

reliability began to be discussed.

During the entry phase, results of the diagnostic anabysis
were used repeatedly to ustrate and explain what the
workshops would address in the problem sobving and planning
phase. Input and involvement for solutions in subsequent
discussions were alsa obtained. Inter-organizational necds
were able 1o be specifically illustrated and alternatives were
discussed. High level input and commitment and permissions
for lower level personnel involvenment was the result,

‘The project achievements included:

1. Problems specific to the subproject area were
understood. agreed upon. caretuliy defined,
and addressed.

2. Solutions are being adapted as the
impluncnluliun progresses,

3. Organizetional coordination. including the
involvement of farmers individuatly and as
organizations, has been signiticantly
improved and continues to improve,

4. The process continues 1o improve as phans are
implemented and adapted.

Several different approaches were used o involve farmers
more effectively in watercourse construction when mitial
plans did not produce satistactory results, In addition,
extension and an input supplier were able to agree on a
revised plan for supplying inpats more eftectively. and the
private sector was involved in providing additional needed
services.

The working relationships among organizations have not
always been smooth, and not all the differences have been
resolved, However, individuals have repeatedly considered
the new working relationships as a positive improvement and
have cited many different benefits in doing their job.

Data were gathered on these two minors in Paki-

stan as part of the MTP program.
I ) prog
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Plan MERIS

Plan MERIS (Mejoramiento de Riego en la Sierra) was
financed by USAID beginning in 1976. I was desigied to
improve the use of the land and water resources in the

Peruvian highlands in general and specifically in two zones of

the Sierra. The original project objectives included
constructing small irrigation subprojects, reforestation and
soil conservation, technical assistance to the project
beneficiaries in on-farra water distribution and application,
and the appropriate use of irrigation water together with other
agronomic practices to increase agricultural production in the
Sierra.

The AID-funded component of Plan MERIS lasted nine
years, including two extensions, and was completed in
December 1985. In spite of its goals, the project was largely
construction-criented, with emphasis on the engineering
design and installing irrigation infrastructure in several
subprojects.

The design and construction of the main delivery system
and related structures was generally adequate at the primary
level and to some extent at the secondary level. However,
water control structures were largely lacking at the secondary
level and totally absent at the tertiary level. Insufficient
consideration was given to farm level distribution and water
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Clearing land of rocks became a major improve-
ment under Pian Piloto.
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application in the fields, and to user participation in the
planning, construction, and operation of the subprojects. No
technical assistance was available to the farmers to help them
best utilize their new irrigation facilitics.

For these reasons, the subprojects were under-utilized and
were not increasing production and improving the incomes of
the beneficiaries. In 1985, WMSII was asked to design and
implement an activity that would help to improve the
performance of the subprojects. USU was selected to
coordinate this buy-in activity.

Plan Piloto

A five-member interdisciplinary team went to Peru in
October 1984 to write the plan of work. The objectives of the
plan of work were to develop an interdisciplinary approach to
irrigated agriculture which included four major components:
research, extension, agricnltural economics, and rural
sociology. The effort came to be known as "Plan Piloto” and
was carried out in one of the Plan MERIS subprojects near
San Marcos, in the department of Cajamarca. This subproject
was to be the site of a concentrated, intensive, research,
demonstration and training effort, Less intensive work was to
be done at several "satellite” sites in other subprojects.

Plan Piloto was implemented by a technical team of
Peruvians from the four disciplines with an engineer as field
team leader. Plan MERIS counterpants were assigned for each
technical tecam member. The WMSII short-term team mem-
bers from Utah State and Cornell provided interim monitor-
ing, supervision, and evaluation through December 31, 1985.
The project could not have succeeded without the efforts of
the Peruvian field team helping 1o overcome a series of
logistical problems.

The San Marcos field site conditions -- small fields divided
by rock fences and intevspersed with shrubs and small irees--
made laying out a distribution and application system ¢x-
tremely difficult. Plan Piloto undertook some land clearing,
rehabilitation, and smoothing to facilitate the frrigation
applicution system and increase the irrigutabk area. The
farmers in the area provided labor for clearing brush and rocks
from the area and their own fields. Heavy equipment bor-
rowed from the Ministry of Public Works was used to remove
the rocks and trees that were too large to be moved by hand.
These were placed in a small gully that ran through the area,
thus eliminating an obsiacle to farming operations, improving
access to the area, and increasing the arca that could be
effectively irrigated.

Conservative estimates indicated that at this site the arable
area was increased by more than 50 percent. This was made
possible by the cooperation of the farmers with the field team
and the government agencies. In addition to the significant
physical improvements that were made to the land, the effort
seemed to unite the farmers, technicians, and team members
into an effective group,which carried through the growing
season.



Agronomic research activities of Plan Piloto were of two
kinds: examination of irrigated crop production and a
drainage study. A study of the interaction of nitrogen and
irrigation intensity on two varieties of potatoes resulted in a
response to irrigation and nitrogen fertility. The maximum
average yields (40 t/ha) in the experimental plots with ihe
most intensive management (in tenms of irrigation and
fertility) were several times that of the average potato yields
(10 t/ha) in the area.

The drainage study on 45 ha in Lower Huayobamba
indicated that the principal source of the groundwater that is
being forced to the surface in the affected area is the unlined
irrigation canal.

One of the principal activities of the extension component
was training in irrigation water management. This training
included using the Ecuavir video modules developed at Utah
State University, as well as practical, hands-on training in
such principles as water measurement, infiltration, use of
siphon tubes, determining soil moisture content, and schedul-
ing irrigation. The training was followed by season-long
experience in producing a crop under irrigation, incorporiting
many improved agronomic practices in addition to water
application. Twenty-nine Plan MERIS technicians received
this training. As a result, a core of people exists in Cajamarca
trained in irrigation water management.

In addition, 91 farmers reccived training in irrigated crop
production. Estimates of irrigation water applied to the
demonstration fields compared with crop evapotranspiration
indicated that, in general, the farmers underirrigated the
demonstration site. This demonstrated that one season does
not make an irrigation farmer and emphasizes the need for
continuing this type of effort.

Crop production and cost data were collected from 17
fields during the rainy season and from 16 of the same fields
in the dry scason. Based on a single year's field trial data, it
appears that net profits can be significantly increased with
improved cultural and water management practices in the
production of potatoes in the Sierra. The payoft seems to be
sufficient for a small farmer to seriously consider investing in
an irrigation infrastructure and adopting improved practices.

Plan Piloto and Plan MERIS revealed several lessons:

1. Water ix used not only ‘or agriculture, but for domestic,
hydroelectric, livestock, and other purposes.

2. Where community members request a project and are
fully involved in the planning process, contributions of
labor and cash are more like'v t¢ be iorthcoming. Full
local participation is more likely to occur if farmers
are included in promotion and planning.

3. Projects should only be undertaken with ample farmer
participation in planning, construction, operation, and
maintenance through water users organizations.

Demonstration of irrigation techniques helps in
farmer training as part of Plan Piloto.

The major objective of Plan Piloto was to develop a
model for improving tand and water use in the Sierra. The
model is visualized «s an evolutionary process involving
irrigation research, demonstration, training, and economic and
sociological rescarch. Plan Piloto was both the prototype and
the advanced testing ground for the model. The six stages of
irrigation project development (initiation, planning and
design, construction, operation, maintenance and modifica-
tion, and evaluation) are considered to replicate themselves
within the mode!l. The model should be phased into irrigation
project development so that by the time the irrigation project
is completed and ready to deliver water to the users, a trained
~adre of technicians is in place to assist and train the farmers
in irrigated crop production. Thus, ideally the model shculd
be initiated at least as early as the planning and design stage
of praject development.

Plan Piloto was the first time an intensive, interdiscipli-
nary approach had been taken to irrigation water management
research and demonstration in Peru. Despite various prob-
lems, it was a successful initial effort to improve land and
water use in the Peruvian higilands through research, demon-
stration, and training in an interdisciplinary mode. Field days
provided an opportunity for local and department leaders,
government officials, and farmers to see the program in
action. A video program prepared by the Ministry of Agricul-
ture was shown on national TV. Plan Piloto demonstrated
that Peruvian technicians are cager to learn and use the
required skills, and teach them to farmers who are also willing
to use them, once they realize the benefits.
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Thailand

The Royal Irrigation Department (RID) of Thailand has
recently changed its emphasis from “construction™ to
"operation and maintenance” of irrigation systems. This
policy change has prompted RID to seek assistance i
developing a nationa! training capability for operation and
maintenance. Funding has been provided by RID, USAID
grant funds to the Northeast Small-Scale Irrigation (NESSH)
Project, and WMS H. Utah State University has been assisting
in the implementation of the "Operation and Maintenance
Training and Applied Study Program” and "Computer-
Assisted Irrigation System Management,” while Colorado
State University has initiated "Farmer Participation in Design,
Operation, and Maintenance of Irrigation Systems” at one of
the seven NESSI Project sites. The CSU effort is not
presented here.

One of the lessons learned under the WMSIT activity,
"Operation and Maintenance Training and Applied Study
Program" in Thailand is the value of conducting training on
an existing irrigation project as part of the implementation for
improving the system. Besides training, actual work is
accomplished.

The appropriate ticld personnel at the irrigation project
were included as trainees. In addition, field personnel from
other project sites were carefully selected so that the program
could be implemented at their projects.

The training of trainers is an important emphasis. The in-
country training courses have been done at the NESSI sites

4 /
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Participants in Thailand workshop discuss details for calibrating the division gate structure.

and two large-scale irrigation projects. The entire program
has been carefully designed to facilitate implementation of
improved irrigation management practices.

WMSII funding has allowed development of state-of-the-
art technology for computer operation of irrigation systems.
This technology is being implemented first at NESSI and the
Lam Nam Oon Large-Scale Irrigation Project in Thailand.
This computer operation includes the watershed, storage
facilities, the canal network, and the unit command area
(group of farms served by a single outlet), Calibration of
these models required extensive field data collection, which
provided considerable insight to field personnel. The
computer rnodels allow daily changes in operation and more
equitable distribution of the water supplics. Presently, it is
anticipated that this computer-assisted irrigation system
management supplemented with operation and maintenance
training will be implemented in the Dominican Republic,
Pakistan, Egypt, and Sri Lanka.

In Thailand, the Cabinet provided funding in October 1986
to duplicate the visible success story of improved operation,
maintenance, crop production, and marketing at Lam Nam
QOon on three other large-scale irrigation projects. RID has
now involved the Department of Agricultural Extension
(DOAE) in the tertiary system managment. The first training
course was conducted jointly by RID, the DOAE, and Utah
State University in March 1987. Planning is under way to
involve the Department of Agriculture in applied irrigation
and agronomic research at RID experiment stations, which
would then be tested on farmers’ fields by DOAE and RID.
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Rehabilitation Conference

With growing interest and investment in irrigation system
rehabilitation and the need for improving the process of
rehabilitation projects, the International Conference on
Irrigation System Rehabilitation and Betterment was
organized. The conference was held October 27-31, 1986, in
Leesburg, Virginia. The objectives of this conference were to
synthesize the knowledge acquired from previous
rehabilitation projects, provide an opportunity for sharing
views on irrigation system rehabilitation, identify problems,
and develop guidelines for better planning, implementing. and
munitoring of rehabilitation projects.

The conference program included simulated field trips
through videotape, working group discussions, panel
presentations, and papers and case studies. Participants from
20 countries attended the conference. They included policy
makers, project implementors, and researchers from develop-
ing countries. International development and donor organiza-
tions were represented by the United States Agency for
International Development, Asian Developinent Bank, World
Bank. the Food and Agricuiture Organization of the United
Nations, and the Ford Foundation. The Inter-national
Irrigation Management Institute, the Consortium for Interna-
tional Development, and several consulting firms played an
active role in this conference.

Rehabilitation and betterment were characterized as a joint
process that combines the clements of deferred maintenance
and the notion of change for upgrading system performance in
light of current needs and opportunities. Underlying eco-
nomic, social and political factors for inadequate system
maintenance were highlighted, as well as the need for
upgrading structures and operational procedures over time.

The common problems with rehabilitation and betterment
projects identified by the conference participants can be
categorized as follow:

» Inadequate focus on system operation and management.

« Inflexible design and a rigid implementation schedule.

» Use of an inadequate database and out-of-date informa-
tion for project planning.

« Poor coordination among the agencics involved.

« Inadequate farmer involvement.

« Lack of an effective monitoring and evaluation program.

» Inadequate consideration of the sustainability of
improvements made.

The desirability of enhancing the performance of existing
irrigation systems was generally agreed upon at the confer-
ence. However, there was considerable debate on the degree
of success in R&B projects and on the approaches to better
planning and implementing them.

Most R&B projects have experienced the problems
encountered in new irrigation projects and have also posed
new constraints and challenges to project designers and
implementors. Overall, rehabilitation projects have been
unable to achicve their expected outcomes. In some cases, the
irrigation system is in need of rehabilitation before the project
is completed.

The following guidelines and recommendations were .
proposed to ubtain more c'ffectwe nehablhtauon and better-
ment projects: . : :

1. Due to the dynamtc nature of the lmganon system and
its environment, the irrigation system generally should
not be restored to its original design specifications,

2. The current construction orientation of most agencies
should be replaced by an approach that improves
management as well as structures.

3. R&B projects should be flexible, allowing adjustments
during project implementatior, to correct errors in
planning and to respond to new information.

4. The institutional capacity for actively involving farmers
should be developed.

5. Farmer involvement should be encourage. from the
design stage, and farmers should be given some
decision-making authority.

6. Greater emphasis should be placed on'project design.
Planning for design should involve consultation with
relevant national, regional and local officials, and with
operation and maintenance personnel and farmers.

7. In large projects, 1-2 years should be set aside for

project start-up, and project implementaiion should be

longer than the typical five-year period.- .

Diagnostic analysis of the irrigation system should

be conducted to provide input into the planning process.

9, Realistic goals and objectives for the rehabilitation
project should be set.

10. Donor and lending organizations chould further pursue
combining grants and loans in R&B projects to fund
technical assistance.

11. Greater emphasis should be given to the economics of
R&B to determine when to undertake an R&B project,
the amount of investment in the project, and the
improvements that have high benefits. Cost recovery for
system operation and maintenance, and capital
investments, need to be further examined.

12. The agency selected to function as lead organizatiun for
a R&B project must expand its functional and inter-
disciplinary capability. =~

13. Roles, responsibilities, sharing of funds, and training -
opponunmes should be clearly defined for all
participating agencies before a project begins. The role,
that each agency plays should be complemented by
specific incentives.

14. New policies should be formulated and commumcated
to water users and others involved in the process prior
to project implementation and not during and after. -

15. Farmers should be involved in colleciing and using
irrigation fees to improve the collection and use of these
fees,

16. The momlormg and evaluation unit should be linked

_ with the project management office to effectively make
revisions during project implementation.

17." A coordinating and feedback mechanism should be.

- developed among and within agencies for continuous
learning from the rehabilitation and betterment effort.

o
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In the past four years, microcomputer utilization in
developing countries has becomne a reality. With the WMSII
Project, an excellent opportunity presented itself to transfer a
significantly higher level of expertise from the United States
to developing countries with the microcomputer technology

now available.

To improve the capabilities of the irrigation department
and various related institutions in developing countries,
microcomputer technology is essential in irrigation system
design and operation, as well as in project management. In
the past few years, there have been major developments in
specialized software and in commercially available software
that can be used to improve water management,

Workshep on Computer-Assisted Design & Management

To introduce various potential applications of
microcomputers in water management, a "Microcomputer-
Assisted Design and Management of Irrigation Systems
Workshop™ was developed at CSU and was conducted jointly
by CSU and USU staff in Bombuy, India, February 1987, for
the Maharashtra Minor Irrigation Project. This workshop was
designed to demonstrate the capabilities of microcomputer
software for use in irrigation system design and management,
to assess the applicability of microcomputers for a specific
project, to identify groups for training, and to recommend
microcomputer-related training courses to meet particular
needs in irrigation system development.

The India demonstration workshop included an overview
of computer technology in irrigation water management,
microcomputer sottware and hardware, database mianagement,
project scheduling and resource management, computer-aided
drafting, image processing, map information systems,
geographic information systems, and irrigation system
simulation and modeling. Example applications from Sri
Lanka, Pakistan, and Egypt were presented.

Both formal and informal exchanges among the
participants contributed to an increased understanding of
microcomputer technology. Specifically, the workshop
participants suggested the following factors to consider when
introducing mi-rocomputer-assisted improvements in
irrigation water management:

* As the first step, there is a need to develop the basic
microcomputer skills of the staff members for use in
irrigation data processing and analysis, and project
management using commercially available software,

» The staff should not start with "canned"” specialized
irrigation software that is more sophisticated than is
warranted. Most participants feel very skeptical of the
"black box" approach. They were concerned that the end
results could be misinterpreted if the specialized software
was not fully understood.

* Institutions need to select specialized irrigation software
that offer the most promising returns for the project and
which lie within the projects financial and technical
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capabilities. Most of these specialized software require
mod:fication and calibration in order to use them locally,
and calibration often involves input data collection over
several seasons.

Waorkshop on Irrigation Data and Project‘Management

Workshops on irrigation data and project management
were conducted in India, Pakistan, Sri Lanka and the USA.
These workshops were designed to develop the
microcomputer skills of water management professionals for
use in irrigation data processing and analysis, and project
management. Ir. addition, the professionals learned many
potential uses of electronic data loggers for computer-assisted
monitoring and evaluation. Most of the workshop participants
had minimum experience in microcomputer operation or
programming.

The training workshops covered electronic worksheets,
database management, project management, statistical
analysis, and example applications in irrigation data and
project management. In addition, microcomputer
fundamentals, a disk operating system, computerized
technology for data acquisition, and case studies in irrigation
management using microcomputers were presented and
discussed. The workshops focused on using commercially
available software that are powerful, flexible, and user
friendly. Based on these workshops, the following are some of
the key lessons learned fiom this experience,

* A personal development training strategy is the best for
this type of training. The emphasis should be on
improved individual competence in microcomputer skills
for use in irrigation water management. Methods should
include a good balance of presentations, demonstrations,
discussions, hands-on instructions, electronic tutorials,
exercises, and example applications.

Three weeks for this type of workshop seems to be the
ideal length to give participants ample hands-on practice.

For hands-on microcomputer workshops, the following
ratios of participants and trainers provide a good
interactive learning environment for participants: 6
participants to 1 trainer, 2 participants per micro-
computer, and 18 to 20 participants per workshop.

Waorkshops should utilize computer equipment having
service support from local vendors, unless the training
facility has the appropriate computer set-up, so that any
needed repairs can be made quickly.

WMSII's microcomputer application effort demonstrated
the worldwide potential for microcomputer-assisted improve-
ments in irrigation water management. Our effort in applying
microcomputer software in irrigation design and management
was only the beginning. We need to continue this effort in
search of appropriate microcomputer technology for improv-
ing irrigation water management in this fast changing elec-
tronic age.



The Bureaucracies Workshop

An essential lesson drawn from the WMSII experience
with farmer participation, small-scale irrigation development,
and main system management is that improvement in
implementation of new water management policies will
almost always require some shift from a technical to a socio-
technical orientation in irrigation bureaucracies. Yet, there is
little empirical information for government agencies and
dorors to draw upon to guide this reorientation, However, the
general concept of "management and coordination” may be
able to provide considerable help at the operations level.

As a first step toward improvement of irrigation
bureaucracy performance, Cornell irrigation specialists ana-
lyzed and assessed the performance of irrigation bureaucra-
cies. The team developed a framework for analyzing bureau-
cratic structure and suggested several strategies for improving
performaice:

» Management approaches. Management by objectives;
participatory management; decentralization of
management; internal reorganization, including legal,
financial, personnel, facilities, and monitoring and
evaluation changes.

» Agency reorientation, Organizational changes; changes
creating interdependence between bureaucrats and
farmers; normative or attitudinal changes hrought about
through changes in organization culture, peer dynamics,
and career paths; material and non-material incentives
to change bureaucrats' behavior.

» Institution building. Developing linkages between the
bureaucracy and its environment in order to promote
leadership, provide resources, and develop programs
and internal structures.

In May 1987, a group of leading analysts of irrigation and
bureaucratic performanze met with implementors of irrigation
policies in developing countries, AID, and WMSII staff to
review the analytical framework in the context of experiences
from Asia, Africa, and Latin America. Afterward, several
conference participants added a regional dimension to tne
analysis, as well as parspectives from comparative develop-
ment administration and engineering management. The
resulting guidelines for improving the performance of
irrigation bureaucracy in their capacity to manage water were
published as a WMS report.

The goal of getting bureaucrayies to work together with farmers is for increased food production.

Here a farmer sorts his chili pepper.
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Contributing to Knowledge

Farmer Participation in Irrigation Management

Examples of successful management of indigenous, small-
scale irrigation systems by farmer groups occur in Asia,
Africa, and Latin Ameria. Studies of these systems in the past
two decades have helped to reorient the thinking of irrigation
development experts. Farmer participation is increasingly
seen as useful, perhaps essential for effective management of
large, as well as small-scale systems. Also, as resources for
irrigation development diminish, governments and donor
agencies are turning toward water users to provide cash and
labor for system improvement, operation, and maintenance.
Mobilization of local resources requires participation and
organization at the local level.

Two outstanding early efforts to incarporate farmer
participation into the irrigation development were Cornell
University's work in collaboration with ART! on the Gal Oya
scheme in Sri Lanka and the efforts of the NIA in the
Philippines. Early results of these eftorts suggested that
incorporation of farmer participation into all phases of project
development would be a promising strategy for improving
water management on small and large schemes alike,

From its inception, WMSII has incorporated into its
program a number of activities designed to strengthen local
irrigation organizations and to promote farmer participation in
watei management. Notable among these are

l. A state-of-the-art review of farmer participation in
irrigation management throughout the world.

2. Continued collaboration Fetween Comell and Sri
Lanka's ARTI (Agrarian Resource and Training
Institute) at Gal Oya in the institutional organizer
program and farmer participation in rehabilitatior.
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3. An analysis of farmer participation and local
organizaticn for small-scale irrigation development
undertaken as part of a small-scale irrigation special
study.

Improving International Irrigation Management with
Farmer Participation

As a first step toward a methodology for improving farmer
participation in water management, a greup of faculty and
students at Cornell undertook the first comparative study of
farmer participation experiences. They analyzed reports and
data from 50 irrigation systems in Asia, Latin America, and
Africa with command areas ranging from 60 to 4,000,000
acres, These systems -- indigenous and government built --
are managed by agencies, water users, or some combination
of these two.

In May 1985, o group of scholars and professionals from
AID, Colorado State, Utah State, and other universities
gathered to present propositions drawn from their
observations of farmer particivation in icrigation projects in
Egypt. Sri Lanka, the Philippines, Indoncesia, and Pakistan,
The central question addressed at the workshop was "What
from these experiences is relevant to other irrigation
contexts?" A concluding panel addressed the applicability of
the workshops tindings to India, Africa, and Latin America.
Building on the results of these three activities, a policy report
titled Improving Policies and Programs for Farmer
Organization and Participation in Irrigation Water
Management, WMS Professional Paper No. 1, was prepared.
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Sri Lankan farmers in Gal Oya meet to make plans for the last month of irrigation during



In the past 10 or IS years, development agencies, both
private and governmental, for various reasons, have placed
considerable emphasis on small-scate irrigation. Where
locations fo- large systems have been exhausted, small-scale
systems are the only option for expanding irrigated areas.
When the costs for large-scale systems are prohibitive, or
where public funding for irrigation development, operation, or
maintenance is restricted, small-scale systems provide a
potentially cost-effective approach to the expansion of the
irrigated area. They also reduce the time lag between initial
investments and the start of local use. Theoretically, their size
means they can be tailored to the needs of targeted farmers.

Agency involvement in small-scale systems poses a
number of questions. For example, no consensus exists on the
optimal mix ol state and local responsibilities for small-scale
irrigation. What investment strategies are appropriate for
small-scale development? What factors promote or inhibit
local resource mobilization? In response to this need, o group
of faculty and students at Cornell began delving into these and
related issues. Their objectives included:

1. Understand smali-scale irrigation development.

2. Identity key constraints to successful development of
small-scale irrigation.

3. Develop a set of guidelines for program planners
instituting small-scale irrigation projects.

In the initial phase of the project. investigators surveyed the
available literature, drew from the experiences represented by
various team members, and made field trips to Mali, Niger,
Peru, Bolivia. Mexico. India, and Sri Lanka to identify key
issues and potential sites for action research. Attention
fucused on four elements of a small-scale irrigation develop-
ment strategy:

« The investment process
* The engineering design methodology
» Local organization and farmer participation

s The role of technical agencies

In November 1983, a Comell workshop brought together
U.S. and international participants representing irrigation
agencies, donor agencies, and the research community. Based
on input generated by this conference and previous work, the
small-scale working group prepared four reports.

Investment decisions answer the question of what re-
sources will be provided by whom and through what proc-
esses. Past experience indicates that indirect investment
approaches foster user responsibility for system operation,
encourage local investments in system development, and
ameliorate problems of goal incompatibility between agencies
and users.

Water lifting is a common problem for many
SJarmers who irrigate small plots of land. Here two
young farmers lift water to the field channel from
the ditch below.

Engincering design methodology for small-scale systems
has proven particularly thorny. Agency design experience lies
with maisive systems. As a result, small-scale system designs
are often reduced versions of large-scale blueprints. This,
combined with inadequate local data, results in systems that
cannot match local conditions. Experience with indigenous
systems argues for an evolutionary approach that allows
systems to fit the local environment.

Community participation in agency-built, small-scale
systems often begins only after construction ends. From the
users’ viewpoint, an agency's conception of local organization
may be sirictly negative -~ an agency appendage that main-
tains canals, collects fees, enforces agency rules, etc. Effec-
tive community participation is engendered through local
organizations that were developed before construction began
and were based on @ detailed understanding of the local social
structure. Such local organizations must te independent of
the irrigation agency. They must be flexitle and able to adjust
to the changing needs o1 the users and the system,
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Purpose and Need

The CSU special studies effort focused on a comparative
cross-cultural interdisciplinary investigation of ways to more
productively link farm water management with main system
management in Sri Lanka (Polonnaruwa District), India
{Dahod tank). Pakistan (Niazbeg), and Thailand (Lam
Chamauk). It is suggested that the failure of farmers to secure
adequalte contrel over irrigation water and to achieve potential
yields is often directly associated with the absence of an
effective tocal organization that can reconcile the varying
requirements of main system management and farmer waler
demand. Research centered on furmer irvigation water control
problems, investigation of main system factors atfecting
farmer water control, farmer participation in local water
management activities. examination of problems and
potentials of current local farmer organizations, and
identification of cutturally appropriate ard replicable lTocal
organizational forms.

The special studies interdisciplinary effort was rooted in
the premises that

« Design of focal farmer organizations as intertaces
between tarmers and mitin system management is a
strategic determinant of farmer water control and,
thereby. water productivity,

« Water control and productivity are key determinants of
willingness of farmers to pay maintenance fees and to
deliver sustained support of Tocal organizational rules and
tools.

Farmers separating the rice from the chaff.
Increased productivity is the goal.
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Farmers need to work together to maintain the
field channels.

« The design of local farmer water user organizations is
strategic 1o improvement of main system management
and local farmer water management.

Farmers cannot be expected to enthusiastically support
organizations, by fee payment or other means, which do not
provide them appropriate forms of water control recessary (o
make water deliveries reliable and productive.

The general objective was to contribute data, information,
and options to policy discussion regarding means to advance
farmer participation in local water user associations designed
10 enhance water control and productivity, while adapting
forms of farmer organization and participation to main system
management requirements.

Knowledge Developed
At each research site, data were collected which;

I. Described and documented current procedures for water
allocation, system maintenance, and conflict
management at study sites.

2. Permitted analysis of farmer water control and
distribution problems in the context of main system
management constraints,

3. Revealed farmer and local main system employee
attitudes and expectations regarding possible irrigation
improvements.

The results of these studies appear in Linking Main and
Farm Irrigation Systems in Order to Control Water, Volumes
l-5.



Interfacing On-Farm with Main Systems

All the studies supported the contention that farmers play a
crucial role in the management of irrigated agriculture, Farmers
make important management decisions that affect productivity,
and they decide how water will be distributed among themsleves
and on their farms, Because farmers are primarily concerned
with the uniques characteristics of their particular farms, farmers
interests often conflict with those of main system managers. As
aresult, farmers who maximize their personal benefits from the
system may lower productivity in the system overall.

Some causes of poor management have become more clearly
understood as aresultof the special studies. The studies strongly
indicated that physical rehabilitation of the four systems without
accompanying organizational improvement would be a tempo-
rary solution at best. Organized tarmers are willing to follow
rules they help to develop and that they understand and believe
will be fairly applicd. Also. they are better able and more willing
1o mobilize theri resources for maintenance, which would help
to sustain the life of improvements made in the system.

Tocreaie anorganization that will successtully fulfill the role
of intermediary between farmers and main systen managers,
Volume 1 stresses that the main system mantagers must recog-
nize th > importance of farmer participation and establish organ-
izational mechanisms for making joint decisions, that farmer
rights to water need to be legally recognized and supported, and
that more responsibility for system operation and maintenance
needs to be developed from the main system to the farmers.

Conditions necessary for successful organiza-
tion buiiding include:

*Authorities must legally establish
local farmer organization;

*Farmers must be able to raise and
disburse their own revenues as needed
through their local organization;

*Farmers ..eed to be able to hire and
release organizational staff so that the
organization will be responsive to
farmers' needs; and

* Authorities need to support organiza-
tions in their efforts to control "free
riders."

. e
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Highlights of the Special Studies Cases
Niazbeg, Pakistan. In Niazbeg, farmers have informally organ-
ized themselves into small groups to develop tubewells to use in
conjunction with canal water supplied by the Irrigation Depart-
ment. Where the canal system lails to deliver water, farmers rely
almost entirely on tubewell water, Where canal water is plentiful,
farmers use tubewell water to supplement canal water, Formal and
informal rotation schedules exist, Where water control is better,
farmers support the formal rotation schedule sanctioned by the Ir-
rigation Department. Where water control i poor, farmers have
agreed upon informal schedules for rotating tubewell and/or canal
water delivery. The study recommended that the importance of tu-
bewells be recognized and incorporated into planning for the
rotation scheduling. In addition, tarmers should pay fees based on
the water they receive and not for water they are scheduled to
receive (the current practice). Improved water delivery would
require improving the physical siructures in some areas.

Dahod Tank, India. The study focused on how the degree of
water control ihat farmers held affected their choices in regard to
cropping intensity and crop choice. The study demonstrated that
farmers with greater water contral (which often meant having a
turnout directly on the distributary or field channel) were more
likely to grow crops which were higher yielding and more sensi-
tive to water. Farmers with less water control tended to grow more
drought-resistent crops. Many ol these farmers reccived their
water through other farmers’ ficlds. The report noted that this
system needs appropriate rules to govern operation and the appro-
priate physical structures to support such rules. Since perform-
ance was poor throughout the system, location was not signifi-
cantly related to cropping choice or intensity.

Lam Chamuak, Thailand. Farmers have been organized into
turnout groups and a water users association (WUA) by the Royal
Irrigation Department. Turnout groups with strong leaders were
reported to organize regular maintenance on their distributary,
and most of the turnout groups have formulated sanctions 1o
govern farmer irrigation behavior. Farmers and officials reported
that they prefer a decentralized WUA; thus, farmers have at-
tempted to modity the structure and operation of the WUA to be
more responsive to farmers’ needs.

Giriatale and Parakrama Samudra schemes, Sri Lanka. The
study reported that noadequate procedures exist for specifying the
rights and obligations ol government personnel and farmers.
Also, no adequate means exists for mobilizing resources for
maintenance. In the absence of a water users association to clarify
such matters, farmers have developed informal arrangements to
manage water. The capacity of cach distributary group of farmers
to manage water was thought to depend on the authority held by
the local vel vidane (a government official with Agrarian Serv-
ices). the degree of concensus among farmers on allocation rules,
and the presence of influential people who successfully helped the
vel vidane resolve conflicts over water. Distributary communities
which had higher management capacity proved to have greater
water availability and control and higher yields. They also
indicated that they would support the development of a WUA. The
report recommended that the role of the vel vidane should be
supported by incorporating it into a water users association.



Future Directio
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AID's Assistance Program in Irrigation and Water Management

Although significant progress is being made in bringing
about better water management and improved irriation
system performance throughout the developing world, the
goal of fully and more effectively utilizing available irrigation
resources remains far from being achieved. And, while
WMSII has contributed greatly to this progress, particularly
by helping strengthen capabilities of national institutions
responsible for irrigation development and improvement,
demand for the type of assistance that has been provided
remains as great as ever,

However, while the demand remains strong, its compos-
ition in terms of problem mix and diversity, geographic
distribution, and priorities has changed somewhat, becoming
both greater and more complex, stnce WMSH was initiated
five years ago. These changes have necessitated
corresponding adjustments in the assistance required, as well
as in the organizational structure through which it can he
provided. These needed adjustments have been recognized
within AID and are reflected in its planned program of
continued field support and broader sector-support assistance
in the irrigation/water management area, after the completion
of WMSII,

How the Scope and Focus Have hanged

Geographically, Asia not only contains most of the world's
irrigation, but it also remains the dominant arca for irrigation
expansion and improvement. It also is the leading recipient of
foreign assistance in irrigation. Given this and the importance
of irrigated agriculture to the region, the strong commitment
demonstrated by national governments, and the central role
increased irrigation efficiency and better water management
play in promoting broader agricultural development will make
Water management a priority focus of AID's assistance efforts
in that region. Asia will also continue receiving the majority
of the AID's overall support for irrigation and water resource
development and improvement. Continued ficld support such
as WMSII has provided will take place over the next severai
years..

However, despite this continued dominance by Asia, the
need for greater attention to irrigation development and
improvement in the other regions has also grown significantly
overrecent years. This is especially true for sub-Saharan
Africa where the high rate of population growth continues to
more than offset any improvements in agricultural
productivity that have been achieved. and where irrigation’s
role and potential, while not as great or as critical as in Asia,
is neither as well identified nor as strategically integrated into
national development plans in Africa.

And, although AID's bilateral program of assistance in
Alrica is not expected to expand greatly in this sector, due
mainly to budgetary constraints, that of other donors and
lending agencies is. However, in the carly stages of irrigation
cevelopment, efforts are likely be focused primarily on the
physical aspects of irrigation system development, with liutle
attention to the underlying policy, planning, and institutional
weaknesses that exist. Thus, there is an urgent and important
role that a centrally-supported project can play in helping
22

While much of the present project has focused on
Asia, one of the follow-on projects will have
considerable effort in Africa.
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address these constraints. There is also a critical need to
broaden this focus to include atiention to other types of
agricultural water resource management and to the growing
concern about the overall deterioration of the natural resource
base and the substainability of its use over time.

With respect to the Near East (Middle East and North
Africa), water scarcity and need for the careful management
and utilization of water resources has heen a historic fact of
life. This emphasis on water will continue with efficiency in
its capture, distribution, and utilization remitining the priorivy
concern, with respect to improving agricultural productivity,
as well as in trying to conserve and protect the fragile natural
resouces. In Latin America, where the focus is also on better
water management, the driving force behind this concern is in
exploiting the opportunity for diversifying into non-traditional
and other high-return crops that well-managed irrigation
affords,

Although the level of AID's bilateral assistance in
irrigation is not expected to increase over the next few years,
the impact that a central-support project can have in making
this effort more effective and in favorably influencing the
programs of other donors is considerable and warrants its



continuation. Thus, from AID's perspective, the progressive
widening of WMSII's geographic scope and the expansion of
its activities clearly needs to be perpetuated.

AID's Follow-on Program of Assistance

Not only is this situation recognized within AID but effors
to effectively address it are being taken. These will culminate
in two new projects which will jointly expand the type and
range of assistance available under WMSIL One of these
projects has been initiated by the Asia and Near Easi Burcau
(Irrigation Support Project for Asia and the Near East --
ISPAN) and focuses exclusively on those two geographic
regions; the other, the Irrigation Management Support and
Research Project (IMSAR), will be jointly funded by the
Science and Technology, Africa, and Latin America Bureaus
and will concentrate on these latter two regions. Thus.
collectively, they will extend and expand WMSII's scope in
terms of problem domain and range of assistance provided.

Service to Missions the Main Focus of ISPAN

AID Missions and host countries in Asia and the Near East
have consistently been heavy users of WMSIH's services,
largely for project design (WMSII has acsisted with 12 such
efforts in seven countries), but also for broader sector studies/
surveys, strategy reviews/assessments and project evaluations.
Thus, with the ANE Bureau's irrigation portfolio now
consisting of 16 projects totaling over $700 million in life-of-
project funding, and future investments in irrigation expected
to proceed at a similar, though slower, pace, the need for
assistance of this type remains strong. And, while design
assistance will continue to be needed, the emphasis is ex-
pected to shift more to project implementation, requiring the
need for greater project monitoring and redesign/redirection
assistance and evaluation.

The need also will continue for assistance in the develop-
ment of training curricula, materials, and traincrs, as well as
help in assessing and sharing injormation about lessons
learned and experiences throughout the ANE region. Applied
studies and research to support general irrigation sector
growth and development will also be sponsored. This in-
cludes the assessment of strategic issues and trends affecting
irrigation management and the development of responses that
are relevant to the physical and institutional circumstances of
the region. However, in selecting research topics and areas
for study, major emphasis will be placed on those directly
affecting AID's bilateral assistance program in Asia and the
Near East regions. In addition, besides helping develop and
improve an information support network for their country
missions and irrigation specialists throughout the region, the
project will also work with regional support institutions to
strengthen their capabilities to better serve the irrigation
development and improvement needs within their spheres of
influence.

Consequently. with most Asian/Near Eastern countries
depending heavily upon irrigated agriculture to feed their
growing populations, raise rural incomes, and generate

expanded employment opportunities, there remains an urgent
need to improve the efficiency and productivity of existing
and newly developed irrigation systems, However, as the
WMSII experience has clearly demonstrated, achieving this
requires not only an interdisciplinary approach, but also
attention to a broader set of constraints that extend welil
beyond the physical system. 1SPAN, like WMSII, is designed
10 deal effectively with this broader set of interrelate needs.
However, somewhat less like WMSII, its applied studies,
training/technology transfer activities, and technical assistance
components will be more closely related to Mission requests
and the Bureau's overall bilateral irrigation program.

IMSAR Will Dea! with a Broader Problem Domain

As compared 10 its current counterpait (ISPAN) and its
predecessor (WMSII) projects, the Irrigation Management
Support and Research Project will have a broader problem
focus, as well as a somewhat different emphasis in terms of
the assistance/support mix it will provide  This results mainly
from the latter's strong geographic orientation on sub-Saharan
Africa; the generai state of agricultural development in that
region relative to the demands placed upon it; the range of
problems African countries face relative to better management
and utilization of their water resources, including irrigation
development and improvement; and the nature of AID's
bilateral program in sub-Sabaran Africa with respect to
agriculture and irrigation/water management.

Specifically, ISMAR will expand its domain to deal with
the more comprehensive concerns of "irrigated agriculture” as
compared to "irrigation.” It also will broaden its attention to
include all types of agricultural production systems involving
the management and utilization of water resources. This
includes flood recession farming, swamp cultivation, wetlands
agriculture, and water harvesting/spreading. While placing
strong emphasis on strengthening the capabilities of national
institutions responsible for irrigation and water resources
utilization development and improvement, the project will
especially try to better identify irrigation's strategic role in
agricultural development and how it can be more effectively
integrated into a country's overall development effort.

In terms of overall project activities, while continuing to be
responsive to Mission assistance requests, this component is
expected to be significantly less than under either WMSII or
ISPAN, with a shift from design help to more direct assistance
to host countries. The emphasis will be more on applied
studies and technology transfer, with training zlso increasing
in importance, at least with respect to Africa.

Environmental issues and atiention to broader natural
resource management questions will also become a more
explicit part of the program as the importance of water and the
need to better develop, manage and utilize the vital resource
becomes increasingly critical for counuries in these regions.
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The Water Management Synthesis 11 Project has been
involved in extensive activities related to the diagnosis of
irrigation systems. Diagnostic analysis workshops and
diagnostic analysis studies have been conducted in India,
Pakistan, Sri Lanka, Nepal, Bangladesh, Zimbabwe, Niger,
Rwanda, and Thailand. Additional system diagnosis has been
a part of sector reviews and project designs. Most techncial
assistance efforts have included some form of system
diagnosis, This rich experience has been systematically
reviewed to reveal lessons iearned about diagnostic
methodologies and about system problems that need
immediate attention.

For example, preliminary synthesis of lessons learned
indicates that a structured process for a diagnosis needs to be
clearly agreed upon by the interdisciplinary team. Most study
results suggested some arcas were dealt with by individuals
on the team, which were not clearly a part of the team effor’,
A team needs to adopt a logical structure for diagnosis, such
as looking at the system, identifying the areas of low perfor-

Synthesis of Lessons frem Diagnosing Irigation Systems

Y
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mance, identitying the factors causing the low performance,
and then developing recommendations (or a project design)
that deal with the important needs for improvemert. Other-
wise, important problems are omitted, recommendaticas are
made for poorly defined problems, and actions that need to be
taken are poorly or incorrectly defined.

Important lessons learned are that most of the teams
involved in system diagnosis did not explicitiy address the
issug of sustaining irrigated agriculture or of conserving
resources. In many instances the factors constraining the
productivity of irrigated agriculture were not explicitly
identified or were ignored. Poor organizational coordination
was often inferred to be a reason for poor performance. but
usually such a conclusion did not include both irrigation and
agricultural considerations. The on-farm system for water
control was not explicitly evaluated in more than half of the
diagnostic studies. Farmer involvement was the most deficient
area in terms of effective system performance. Low main
system performance also was consisiently identified by the

teams.

Irrigation profess‘onals work together to
diagnosing an irrigation system.
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Joint Field Studies

Three field-based studies to understand the performance
issues facing small-scale irrigation systems in Africa were
completed in 1987. The studies were joint efforts between
hosi country irrigation professionals and WMSH personnel to
gather field data to evaluate irrigation performance in Africa,
Studies were completed in Niger. Rwanda, and Zimbabwe.
These interdisciplinary examinations of the constraints facing
small-scale irrigation projects provided a major thrust for an
Atrica-wide conference in Nairobi, Kenya during January
1988.

Zimbabwe

Four Zimbabwe irrigation systems were evaluated during a
joint field workshep in January and February of 1987, The 5-
person U.S. team worked closely with the 6-person Zimbabwe
team to develop an understanding of interdisciplinary methods
for evaluating irrigation systems, Two energy specialists were
added to the team for & short time to examine pumping and
other energy-reluted issues.

The level of irrigation development on communal lands in
Zimbabwe is impressive. While some of the communal
schemes appear to have serious prohlems, many have sup-
ported high levels of production, contributed to increased
incomes for rural families, and decreased the impact of
drought. A few of the existing communal schemes have been
expanded but no new schemes have been established in recent
times.

The Government of Zimbabwz wants to establish new
irrigation schemes on communal lands for rural employment,
social welfare, and food security. What is the potential for
small-scale irrigation in Zimbabwe? What did we learn from
the Joint Field Workshop? The opportunities exist, the official
support exists, but new communal schemes have not been
developed. Unless changes occur, the future is unlikely to
differ from the past. The Joint Field Workshop was designed
to make a significant contribution towards the solution of this
problem.

For any rehabilitation or development program, technical
and financial analyses of alternatives need to be determined;
all viable alternatives should be vigorously pursued. Educa-
tion and training of key individuals, from farmers to irrigation
professionals, are necessary for successful, effective irrigation
management. Information "gaps " in agronomy, engineering,
and institutional structures should be filted through research
and administrative studies. Farmer involvement ard organiza-
tional structures can be strengthened through educational
programs and innovative organizational approaches. Reliable
water supplies and equitable distribution are fundamental to
productive irrigation schemes and should be ensured by wise
water use policies.

Niger

This Joint Field Study/Workshop was multidisciplinary
with a set of expatriate professionals with broad international
irrigation development experience, and a set of Nigerien
colleagues who brought in the local perspective. The study
component was designed to use a rapid apnraisal approach for
developing a more in-depth understanding of the successes in,
and constraints to, irrigated agricultural development at four
representative sites. The workshop component was designed
as a means of learning together how successes might be
extended locally as well as regionally, and developing
strategies for reducing or eliminating the constraints.

The team studied four major separate and uniguely
different irrigation schemes. Each rapid appraisal involved
three to four days of field work and associated discussions
plus time to write a draft report. The four cases studied were:

* A community-managed river lift scheme (3 ha)

* A multiple (50) deep-well irrigation scheme
supplied from a common electric grid (560 ha.)

*¥A surface reservoir gravity-fed irrigation scheme
(245 ha.)

*Private irrigation development from dug wells (300
to 500 ha.)

In general, the irrigation schemes visited were functioning
reasonably well. Farming practices were adequate to good by
West African standards, though there is room for improve-
ment. Farmers seemed to know how to prepare and irrigate
their parcels effectively and efficiently. This was especially
true for onion production with world class yields of 35 to 40
tons per hectare, but less so for general field crops, but it does
indicate a high level of indigenous farmer capability. We were
also impressed by the ability of farmers to organize and
manage their irrigation systems at the tertiary level where this
was required. Farmers generally planted improved varieties
and applied close to recommended levels of fertilizers.
However, yields of most crops were still relatively low even
with the improved varieties because of weed, disease, insect
and soil problems. To solve these problems will require
considerable research to develop better irrigated cropping
packages.

Most of the irrigation potential in Niger (and for that
matter, in West Africa) does and will continue to require
water lifting. Three of the four sites the team visited required
water lifting. Therefore, n..nimizing the capital plus operating
costs of lifting water is extremely important for the economic
development of the ragion's irrigation potential.
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Rwanda

WMSII responding to a request from the USATD mission in
Rwanda for technical advice on water management of the small
marais, fielded a joint field study team in 1987. The increasing
population pressure and the faiture of donor sponsored projects
to improve agricultural production in the marais made a national
policy for development of the marais necessary.

Small marais, making up four percent of the total land area, are
the lands between the hills thacare continuously wet throughout
the year and subject to periodic flooding during the monsoon
season. The valley Jands are statutorily defined as Government-
owned lands, but in actual practice the mayor and common
council allocate land, Farmers have to relinquiesh the land to the
government without compensation if ashed to do so. The water
management in the nuaraiys is extremely complex. although very
little information is available. In general, there s an excess of
water during the long rainy scason from March through May,
requiring drainage and a severe water shortage during the suin-
mer.

The project began in January 1987 with the arrival of the
project coordinator.  His main task was to make contact with
Rwandan officials and experts, coordinate the activities within
Rwanda, collect bascline data and lay the ground work for the
joint field team. The joint field team met in the months of August
and September and was comprised of two faculty members of the
National University of Butare (Agronomy and Agricultural
Economics), the Director of the Soil Science Department of the
National Agricultural experiment station, the Head of the
Agrohydrologic Division of the Rwandan Department of Agri-
culture, the Director of Rural Development at the President’s
Office, two students from the University of Butare, and six
American experts,

e
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Participants at the Forum on the Performance of Irrigated Agriculture in Sub-Saharan Africa

In farmer-developed marais, fields consist of raised beds 50-
80 c¢m high and generally 3-8 m wide and 10-25 m long. These
dimensions which were arrived atby farmers’ experience are also
the most optimal. Drainage discharge and irrigation is by means
of open ditches throughout the marais among the beds. The
considerable expertise that is required for the dual use of ditches
for subirrigation and drainage, is available traditionally among
the farmers.

Donor-sponsored projects were successful only when they
followed the traditional practices followed by the farmers. One
such project was rice irrigation scheme of Rwamanaga where the
irrigation water was obtained from the central drain. Other
schemes importing irrigation and drainage technology from
uther geographic regions were not helpful in increasing yield. In
fact, farmers soon transtormed the infrastructure back to the
traditional way.

Agricultural production of the marais is hmited by four
factors. The first is the extreme low fertility level of the soils.
Also, farmers are not willing to make the necessary improvement
hecause they do not have an enforceable right to cultivate the
marais fields. Another hmiting factoris the lack of amarketto sell
the products. Finatly, the water management needs to be im-
proved when production is intensified.

Solutions to the above limitations were discussed by 80
Rwandan scientists during the National Marais Development
Conference in February 1988, The ultimate objective of the
conference was to finalize a plan for a National Strategy of the
Marais.

»

discuss possibilities of building a network of African irrigation professionals.
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Africa Conference

An Africa-wide conference for irrigation prefessionals fo-
cused on performance issues of irrigation at the January 1988
meeting in Nairobi, Kenya. Prior WMSII experience and recent
activities in sub-Saharan Africanirrigation provided the basis for
the conference. To develop a data-based undersianding of Afri-
can small-scale irrigation systems. WMSII initiated Joint Field
Studies in Zimbabwe, Niger and Rwanda, The ficld studies were
done collaboratively with African irrigation professionals. The
joint interdisciplinary teams conducted field-based investiga-
tions to gather information on the opportunities and constraints
facing irrigated agriculture. These joint field studies, along with
prior WMSH experience in irrigation development, provided the
background for WMSII professionals to interact with African ir-
rigation professionals at the conference. Also, effort was made
to include other irrigation professionals outside WMSII, includ-
ing those from the European community who have had extensive
African experience.

The Forum on the Performance of Irrigated Agriculture in
Africa was held in Nairobi, Kenya, Jan. 18-22, 1988, at the
UNEP conference center, The conference center provided facili-
ties for simultaneous translation in French and English.

The keynote address by Shem Migot-Adholla, an African
professional who works for the World Bank, laid the foundation
forexaminingissues that afiect performance of irrigated agricul-
ture. The five-day forum examined such issues related to per-
formance as economic and financial, technical and energy,
organizational and institutional, health impacts, and sustainabil-
ity of the natural resource base. Invited papers and joint field
study presentations set the agenda for intensive small group
discussions. From these small group discussions the Africans
and other irrigation professionals made specific recommenda-
tions regarding regional, national, and system-wide implemen-
tation efforts tc take advantage of the opportunities that irriga-
tion provides, as well as to reduce the constraints it faces.

The 50 participants inciuded more than 30 African profes-
sionals from both East and West Africa. Five small groups were
formed to discuss each presentation and to develop specific rec-
ommendations for improved performance of irrigated agricul-
ture. The final session of the forum dealt with suggestions about
how to continue working together as irrigation professionals
even though they are spread out over an entire continent. Net-
working suggestions ranged from working with existing profes-
sionai networks to meeting again in a followup forum within 12
to 18 months.

The finai day of the forum included a field trip to see irrigation
agencies, commercial outlets, and irrigated farms. The field trip
was arranged through the Kenya Ministry of Agriculture.

The African small group discussion leaders, who had been
selected for their knowledge and participation in earlier irriga-

tion activities, met with the conference organizing committee
after the forum had concluded to refine their recommendations
for use by the Water Management Synthesis Project. Key recom-
mendations are highlighted below, However, for a more com-
plete look at the recommendations see either WMSII Report
86.Forum on the Performance of Irrigated Agriculture in
Africa: Papers and Proceedings, 1988, or Summary: Forum
on the Performance of Irrigated Agriculture in Africa,
WMSII S;recial Report, 1988.

Toward A Strategy For Africa

Key recommendations from the Forum include the
following:

1) Because of the general lack of resource data, project
dev«lopment should be carried out in incremental steps.

2) Greater stress should be placed on maintenance of
irrigation systems,

3) Economic and financial evaluations of irrigation proj-
ects need to clearly identify those components whose costs
are directly attributed to irrigation development,

4) Ir'gation development progrzms in Africa need to
include an explict program for cost containment which is
based on the analysis of alternativus for the physical and
organizational design of proposed developments,

5) Professional development aciivities should be planned
to acquaint African social sci2ntists with the study of irri-
gation,

6)Considerable farmer training is needed in support of
new roles and responsibilities with irrigation.

7) Studies of indigenous, or local, irrigation institutions
and organizations in Africa are needed.

8) An aggressive health education program should be
undertaken in irrigated areas, focusing on water-related
diseases and stressing steps people can take to reduce both
the incidence of disease and exposure to it by those at risk.

9)Planning of irrigation projects must explicitly con-
sider the organizational, economic and financial, and
technological sustainablity of each project as policy
guidelines for planning and implementation.

10) Two irrigation development networks, one each for
irrigation professionals in West Africa and East and
Southern Africa should be established and assisted.
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l)()cumcntmg.l’r().],ect Achievemengs

There are many ways to look at WMSII achievements,

but here we show how the money was spent and where

it came from and then provide a list of project ruaterials

that have been produced (\uring the last decade. S¢:ne of the
document. will be available from the universitics fyr a few
months ; however, the AID document center is the best place to
obtain the material in the long term.
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WMSII AUTHORIZATION BY TYPE ACTIVITY

SPECIAL STUDIES--20.0% ) ADMIN. & SUPPORT--23.0%

i SPECIAL STUD
B ADM. & SUPP.
B TECH.ASST
TRAINING &TT

TECHNICAL ASSISTANCE--29.6%
TRAIN & TECH TRANS--27.4%

WMSII EXPENDITURE AUTHORIZATION

9.09% 12.99%

$1.8 MILLION--LATIN AMERICA/CARR
: $2.5 MILLION --WORLDWIDE

WORLD WIDE
ADMIN. & SUP
AFRICA

ANE

LAC

® 22.58%

&
O

$4.4 MILLION --ADM. & SUPPORT

11.19%
$8.6 MILLION--ASIA, NEAR EAST $2.2 MILLION --AFRICA



Location of WMSII Activities

Number of Activities by Bureau and Country

Botswana 1 Bangladesh 6 Bolivia
Chad 1 Burma 1 Dominican Rep.
Kenya 1 China 1 Ecuador
Mali 1 Egypt 4 El Salvador
Mauritant 1 India 3 Guatemala
Niger 3 Indonesia 7 Haiti
Rwanda 2 Jordon 4 Horduras
Tanzania 1 Morocco 4 Paraquay
Zimbabwe 3 Nepal 5 Peru
Africa-wide 1 Pakistan 17 LAC-wide

Sri Lanka 19

Thalland 1

Tunisia 1

ANE-Wide 11
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Technical Reports

Irrigation Projects Document Review. WMS Report 1. P. S, Coolidge ¢/ al
1981,

Appendix A: The Indian Subcontinent
Appendix B: East Asia

Appendix C: Near East and Africa
Appendix D: Central and South America
Executive Summary

Irrigation Development Options and Strategies for the '80s.

Nepal. WMS Report 2. T. F. Weaver and H. B, Peterson. 1981,

Bangladesh. WMS Report 3. J. Keller ¢ af. 1981,

Pakistan. WMS Report 4. J. Keller, A. A, Bishop and T. F, Weaver,
1981,

Thailand. WMS Report 5. J. Keller er al. 1981.

India, WMS Report 6. J. Keller. 1981.

General Asian Overview. WMS Report 7. 1. Keller. 1981,

Command Area Development Authorities for Improved Water Manage-
ment. WMS Report 8. T. K. Jayaraman, M. K. Lowde: milk and W. Clyma.
1982,

Project Review for Bakel Small Irrigation Perimeters, USAID/Senegal
Project No. 685-0208. WMS Report 9. J. Keller er al. 1982,

Evaluation Review of the Water Management Project No. 3830057,
USAID/Sri Lanka. WMS Report 10. J. Keller ef al. 1982,

Irrigation Development Options and Investment Strategies for the '80s -
Sri Lanka. WMS Report 11. C. Levine 1 af. 1982,

Ecuador Irrigation Sector Review, WMS Report 12. 1. Keller of af. 1982,

Maintenance Plan for the Lam Nam Qon Irrigation System in Northeast
Thailand. WMS Report 13. G.V., Skogerboe, S. Olansatien and S. Sangsuk.
1982,

Irrigation Development Options and Investment Strategies for the '80s -
Peru, WMS Report 14, 1. Keller ¢f al. 1984,

Diagnostic Analysis of Five Deep Tubewell Irrigation Systems in Joy-
dehpur, Bangladesh, WMS Report 15. L. Karim ef al. 1983,

System H of the Mahaweli Development Project, Sri Lanka: 1982 Diagnos-
tic Analysis. WMS Report 16. 1. Alwis er af. 1983,

Diagnostic Analysis of Farm Irrigation Systeins on the Gambhiri Irriga-
tion Project, Rajasthan, India: Volumes I-V. WMS Report 17. W. Clyma
eral. 1983,

Diagnostic Analysis of Farm Irrigation in the Mahi-Kadana Irrigation
Project, Gujarat, India. WMS Report 18. T.K. Jayararan et al. 1983,

The Rajangana Irrigation Scheme, Sri Lanka: 1982 Diagnostic Analysis.
WMS Report 19, J. Alwis et al. 1983,

System H of the Mahaweli Development Project, Sri Lanka: 1983 Diagnos-
tic Analysis. WMS Report 20. J. Jayewardene and M.K. Kilkelly. 1983,

Iivaluation of the Irrigation Component of the Integrated Agricultural

Developmen: Project No. 5210078, Haiti, WMS Report 21. RK. Stutler et
al. 1983,

Syathesis of Lessons Learned for Rapid Appraical of Irrigation Strategies.
"WMS Report 22. N.L. Adams (ed.), 1983.

Rapid Mini Appraisal of Irrigation Development Options and Investment
Strategies, Tanzania. WMS Report 23. T. Weaver et al. 1984,
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Assessment of Rift Valley Pilot Rice Project and Recommendations for
Follow-on Activities, Tanzania. WMS Report 24. J. Keller ¢t al. 1984,

Interdisciplinary Diagnostic Analysis of and Workplan for Dahod Tank
Irrigation Project, Madhya Pradesh, India. WMS Report 25. K.N,
Venkatraman ¢t al. 1984,

Prospects for Small-Scale Irrigation Development in the Sahel. WMS
Report 26, J. Moris, D.J. Thom and W. R. Norman. 1984,

Improving Policies and Programs for the Development of Small-Scale
Irrigation Systems. WMS Report 27. E.W. Coward. 1984,

Selected Alternatives for Irrigated Agricultural Development in Azua
Valley, Dominican Republic. WMS Report 28. G.V. Skogerboe and D.C.
Anderson. 1984,

Evaluation of Project No, 519-0184 USAID/EI Salvador, Office of Small-
Scale Irrigation -- Small Farm Irrigation Systems Project, WMS Report
29. P.W. Van Arsdale ef of, 1984,

Review of Irrigation Facilities Operation and Maintenance, for the Jour-
don Valley Authority, Jordan. WMS Report 30. J. Keller er al. 1984,

Training Consultancy Report: Irrigation Management and Training
Project. WMS Report 31. A.C. Early. 1984.

Smal!-Scale Irrigation Development, Indonesia. WMS Report 32, W.R.
Walker and E.W. Coward, 1984,

Irrigation Systems Management Project Design Report: Sri Lanka, WMS
Report 33. G.V. Skogerboe ¢r al. 1984,

Community Participation and Local Organization for Smali-Scale Irriga-
tion. WMS Report 34. B.D. Lynch. 1984.

Irrigation Sector Strategy Review, Main Report. WMS Report 35. J. Keller
er. al. 1985.

Irrigation Sector Strategy Review, Appendices, Vol. 1, India. WMS Report
35. E.H. Sims, D.F. Peterson and S.R. Daines. 1985,

Irrigation Sector Assessment, Haiti, WMS Report 36. A.D. LeBaron, R.W.
Hill and A.M. Battikhi. 1985,

African Irrigation: AnQOverview, Main Report, Summary and Annotated
Bibliography. WMS Report 37. J.R. Moris and D.J. Thom. 1985.

Diagnostic Analysis of Sirsia Irrigation System, Nepal. WMS Report 38.
W.R. Laitos ef al. 1985,

Small-Scale Irrigation: Design Issues in Government-Assisted Systems.
WMS Report 39, R. L. Oaks et al. 1985.

Watering the Shamba: Current Public and Private Sector Activities for
Small-Scaie Irrigation Development, Kenya. WMS Report 40. E.W,
Coward er al. 1986.

Strategies for Irrigation Development, Chad. WMS Repert 41. TF.
Weaver et al. 1986,

Strategies for Irrigation Development, Egypt. WMS Report 42, 1986,

Rapid Appraisal of Nepal Irrigation Systems. WMS Report 43, W.R.
Laitos er al. 1986.

Direction, Inducement and Schemes: Investment Strategies for Small-
Scale Irrigation Systems. WMS Report 44. 1.E. Nickum. 1986,

Post 1987 Strategy for Irrigation, Pakistan, WMS Report45. D.F. Peterson.
1986.



Irrigation Rehab: User's Manu;l. WMS Report 46, R.L. Oaks ¢f ul.
1986. !

The Relay Adapter Card: lee,.;'s Manual. WMS Report 47, R.L. Oaks
and T.S. Steennuis. 1986. '

Small-Scale and Smallhoider irrigation in Zimbabwe: Analysis of Oppor-
tunities for Improvements. \;/MS Report 48. T.H. Podmore, R.J. McConnen
and A. Hungwe. 1986,

Design Guidance for Shebejli Water Management Project, Somalia. WMS
Report 49. . Keller, T.F. YWeaver and J.S. Mayo. 1986.

Farmer Irrigation Participation Project in Lam Chamuak, Thailand:
Initiation Report. WMS Report 50. A.C. Early er ol 1987.

Pre-Feasibility Study of {rrigation Development in Mauritania. YWMS
Report §1. D.J. Thom, D7, Slack and M.B. Lynham. 1985.

Command Water Management, Punjab: Pre-Rehabilitation Diagnostic
Analysis of the Niazbeg Suboroject. WMS Report 52. P, Wattenburger.
1987,

Pre-Rehabilitation Diagnostic Ntudy of Sehra [Irrigation System, Sind,
Pakistan. WMS Report 53, M.L Haider er ol 1987.

Framework for the Management Plan: Niazbeg Subproject Area. WMS
Report 54. 1987.

Framework for the Management Plan: Sehra Sudproject Area. WMS
Report 5§5. 1987,

Review of the Jordan Valley Authority Irrigstion Facilities, WMS Report
56. R. W, Hill and J. Keller. 1987,

Diagnostic Analysis of Parakrama Samudra Scheiae, Sri Lanka: 1985 Yala
Discipline Reports. WMS Report 57. D. A, Fowler ind M. K.
Kilkeay teds.). 1987,

Diagnostic Analysis of Giritale Scheme, Sri Lanka: 185 Yala Discipline
Reports. WMS Report 58. D. A. Fowler and M. K. Kilkeily feds) 1987,

Diagnostic Analysis of Minneriya Scheme, Sri Lanka: 1986 Vala Discipline
Reports. WMS Report 59. D. A. Fowler and M. K. Kilkelly (cds.). 1987,

Diagnostic Analysis of Kaudulla Scheme, Sri Lanka: 1986 Yala Discipline
Reports. WMS Report 60. D. A. Fowler and M. K. Kilkelly (eds.). 1987.

Diagnostic Analysis of Four Irrigation Schemes in Polonnaruwa Disiricet,
Sri Lanka: Interdiscip'inary Analysis. WMS Report 61. D. A, Fowler wnd
M. K. Kilkelly (eds.). 1988,

Workshops for Developing Policy and Strategy for Nationwide Irrigation
and Managment Training, USAIVIndia. WMS Report 62. M.N.
VenKateson, D.F, Peterson, and M.K. Lowdermilk. 1987.

Irrigation in Africa: Forum on Irrigation Systems and Rescarch Applica-
tions, WMS Report 63. B. D. Lynch (ed.).

Irrigation Rehab: Africa. User's Manual. WMS Report 64. R. Johnson ¢t al.
1987.

Revised Management Plan for the Warsak Lift Canal, Command Water
Management Project, Northwest Frontier Province, Pakistan. WMS
Report 65.

Small-Scale I rigation -- A Foundation for Rural Growth in Zimbabwe,
WMS Report 66. Zimbabwe Joint Workshop Team. 1988.

Variations in Irrigation Management Intensity: Farmer-Managed Hill
Irrigation Systems in Nepal. WMS Report 67. E. Martin ¢r. al. 1987.

Experience with Small Scale Sprinkler System Development in
Guatemala: An Evaluation of Program Benefits. WMS Report 68. A.D.
LeBaron, er. al., 1987,

Linking Main and Farm Systems in Order to Control Water, Vol. 1-5.
WMS Report 69. 1988.

Integrating Strategies for Improving Irrigation System Design und Man-.
agement. WMS Report 70. W.R. Walker. 1988.

The USU Unit Command Area Model. WMS Report 71. A A. Keller, 1987.

Development of a Branching Canal Network Hydraulic Model. WMS
Report 72. F.N. Gichuki. 1988,

Users' Manual for the FORTRAN Version of the USU
Hydraulic Model. WMS Report 73, F.N. Gichuki. 1988.

Main System

Hydraulic Modaling Applications in Main System Management. WMS
Report 74. G.P. Merkley. 1988,

User's Manual for the Pascal Version of the USU Main System Hydraulic
Model. WMS Report 75. G.P. Merkley, 1987.

Formuliation and Evaluation of the USU Main System Allocation Model,
WMS Report 76. H. Eiscle, 1988,

Integrated Land Use and Yrrigation Distribution Systems for Four
Schemes in the Polonnaruwa Diztrict of Sri Lanka. WMS Report 77. T.C.
Martin, 1988,

Operational Typologies for Gravity Irrigation Systems. WMS Report 78.
R. Steiner and M. Walter. 1988,

Development and Management of Small Marais. WMS Report 79, R.
Sikkens er al, 1988,

Baskets of Stones: Government Assistance and Devetopment of Local
Irrigation in a District of Northern Sumatra. WMS Report 80. E. W.
Coward. 1988.

Implementing the Irrigation Maintenance and Operations (M& ) Learn-
ing Process. WMS Report 81, G.V. Skogerboe. 1988,

Handbook of Improved Irrigation Project Operations Practices for the
Kingdom of Thailand. YWMS Report 82, G.V. Skogerboe, K. Kawsac 4, and
N. Reansuwonyg. 1988. i

Handbook of Improved Irrigation Project Maintenance Practices for the
Kingdom of Thailand. WMS Report 83. G.V. Skogerboe and W
Smitthimadhindra 1988,

USU Irrigation Main System Hydraulic Model: Replication of Modeling
Capability in other Countries. WMS Report 84. G.P. Merkley, et. al. 1988,

Development of the Centre International de I'lIrrigatior. WMS Report 85.
M. Ail-Kadi. J. Keller, and G.V. Skogerboe. 1988,

Forum on the Performance of Irrigated Agriculture in Africa. Papers and
Proceedings. WWMS Report 86. D. Thom, (ed. ). 1988.

Assessment Report: Maharashtra Irrigation Program.WMS Report 87.
USAID/India. N.S. Peabody, J. Keller, G. Levine, and D. Seckler. 1987,

Irrigation Management for Development. WMS Report 88. J. Keller ¢t al.
1988.

Bureaucratic and Farmer Participation in Irrigation Development. WMS
Report 89. M. Lusk and B. Parlin. 1988.
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Irrigation System Management: An lnlerdisciplinry Synthesis of
Water Management Studies. WMS Report 90. 1. Keller, er. al. 1988.

Assessment Rc,)orl: Maharashtra Irrigatioa Program. WMS Report
9LN. S. Peabody, er. af. 1987.

The Asian Case. WMS Report 92. T, B. Moya and MLF. Walter. 1988,

Methodologies for Interdisciplinary Diagnosis of Irrigation Systems.
WMS Report 93. R. Oad and P. G. McConick, 1988,
Management-Focused Improvement of Irrizated Agriculture. WMS
Report 94. P. Watienburger. 1988,

Improving the Mangement of Irrigated Agriculture. WMS Report 95,
W. Clyma and M. Lowdermilk, 1988,

Professional Papers

Improving Policies and Programs for Farmer Organization and Participa-
tion in Irrigation Water Management. WMS Professional Paper 1. N,
Upholft, R. Meinizen-Dick and N. St. Julien. 1985,

Designing Projects for Irrigution Developments Using External (onsult.
ants. WMS Professional Paper 2. E. W, Coward. 1987,

Improving the Management of Irrigated Agriculture: The Management
Training and Planning Program for Connnand Water Management,
Pakistan. WMS Professional Paper 3. A Jones and W. Clyma. 1987.

Irrigation Project Water Management. WMS Professional Paper 4, J.
Keller. 1988,

Special Reports

Diagnostic Analysis Workshop. D.L. Lattimore and 1..J. Nelson, 1983,

Proposed Activities for Developing an Integrated Strategy for Improving
Irrigated Agriculture in Northeast Thailand. W.R. Walker er al. 1983,

Rice Irrigation Water Management. R.N. Oad and D.A. Fowler. 1983,
Women's Roles in Irrigated Agriculture: 1984 Diagnostic Analysis Work-
shop, Dahod Tank Irrigation Project, Madhya Pradesh, India. P,
Stansbury, 1984,

African Irrigation Overview:
Podmore, 1985,

The Soils Aspect. T.E. Flack and T.H.
Economic Policy Toward Irrigation in Sub-Saharan Africa. E. Sparling.
1985.

Computer Simulmion Model for Designing and Evaluating Irrigation
Canal Networks. D. Molden. 1985,

Thailand Irrigation Organization Project: Workplan and Proposals. A, C.
Early ¢ al. 1985,

Training Trainers: A Workshop Report. W, R. Laitos et af. 1985,

Traicing Strategies for International Participants: A Warishop Report.
A. G. Madsen and L. M. Madsen, 1985,

Microcomputer Programs jor Irrigation Data Management:  User's

Manual. T.S. Sheng, D. J. Molden and D, A. Fowler. 1936,

Reconnaissance of Irrigaticn Systems in Nepal: A Precursor to the 1985-
86 Rapid Appraisal Studies. W. R. Luitos ef al, 1986.

Review of Jordan Valley Authority Irrigation Facilities. R. W. Hill and J.
Keller. 1987.

Diagnostic Analysis of Lasbella Subpraoject, Hub, Pakistan, A.R.G. Baluch
et al. 1987,

International Conference on Irrigation System Rehabilitation and Better-
ment, Vol. 1: Proceedings. M. I. Haider, 1987.
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International Conference on Irrigation System Rehabilitation and Better-
ment, Vol. 2; Papers, D. A. Fowler (ed.). 1987,

Proceedings of the Review and Planning Workshop for the Thailand
Irrigation Organization Project. W. R, Laitos, K. Paranakian and A. C, Early.
1987.

A Short History of the Farmer Irrigation Participation Project in
Thailand. W. R. Laitos, K. Paranakian and A. C. Eurly. 1987,

Diagnostic Analysis of the Warsak Lift Canal, Subproject Aren, Northwest
Frontier Province, Pakistan. R. L. Tinsley and P. L. Wattenburger. 1987,

Draft Management Plan for Command Water Management, Lasbella
Subproject Area, Hubchowki, Baluchistan. 1987,

Rwanda Small Marais Development Study: Investigations into
Agronomy of Two Small Marais--Nyarutovu aad Hlibunga. M.
Lefrancois and J. Duxbury, 1988,

Irrigation Technology Adjustment Project for Tunisia. J. Keller and T.
Weaver, 1987,

Niger: Traditional & Developed Small Scale-Irrigation. W.R. Norman,
1988,

Hapdbooks

Circular Concrete Irrigation Turnout: Design and Construction. Hand-
book 1. T. Trout. W. D. Kemper and H. S. iasan. 1982,

Farm Irrigation Structures. Handbook 2. A. R, Robinson. 1983,

Pumps and Water Lifters for Irrigation. Randbook 3. R. E. Griffin of al.
1983,

Small-Farm, Self-Help Irrigution Projects. Handbook 4. B. L. Embry and N.
L. Adams. 1983,

Manuals

Diagnostic Analysis of Irrigation Systems, Volurie 1: Concepts &
Methodology. C. A. Podmore (ed.). 1983,

Diagnostic  Analysis of Irrigation Systems. Volume 2: Evaluation

Techniques. Second Edition. D. A. Fowler. ed. 1088,

Field Study of Level Basin Irrigation: A Manual for Engineers. T. K. Gates
and W. Clyma. 1980, (draft).

Soil-Water Engineering Field and Laboratory Manual No, 1. T. Trout, 1.

G. Garcia-Castillas and W. E. Harn. 1982,

Water Management on Small Farms: A Training Manual for Farmere in
Hill Areas. L. J. Salazar, 1983,

Water Management on Small Farms: A Training Manual for Farmers in
Hill Areas; Instructor's Guide. L. J. Salazar. 1983, (Sece Slide Shows.)

Land Leveling, Planning Guide No. 1. D. L, Lattimore. 1981,

Farmer Involvement, Planning Guide No. 2. M. K. Lowdermilk and D, L.
Lattimore. 1981,

Irrigation Pumping, Planning Guide No. 3. R. E. Griffin and G. H.

Hargreaves. 1982,

Farm Isrigation Structures, Planning Guide No. 4, A. R. Robinson. 1982,

Small Farm, Self-Help Irrigation Projects, Planning Guide No. 5. B. L.
Embry and N. L. Adams. 1933,
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Workin Paper

Institutional Aspects of Water Management in Bangladesh, H. W. Blair.
1983,

Report of the Three-Week Study in Bangladesh for the Cornell/USAID
WMS 11 Project. ). K. Campbell. 1983,

Minor Irrigation Development in Bangladesh. M. Hunratty. 1983,

Consultancy Report: Water Mzangement Systems Design (Bangladesh).
H. R. Khan. 1983,

Bangladesh: Water Management Systems Project Final Report. D. HL
Murray-Rust. 1983,

Water Management Systems Project: Interim Report. D. H. Mutray -Rust.
1983,

Economic Aspects of Minor Pump Irrigation Development in Bangladesh.
L. E. Small. 1983,

Local Organization for Irrigation in Bangladesh. 8. Turnguist. 1983,

Sahelian Irrigated Agriculture: A Review of French Literature Sources. 1.
C. Wells and W. R. Norman. 1984,

Workshop on Research Priorities for Irrigation Management in Asia,
Kandy, Sri Lanka. R. Barker and L. Small. 1985,

Recurring Cost of Irrigation in Asia: Operation and Maintenance. K. W.
Easter. [U8S.

Gal Oya Water Management Project: Preliminary Report on a Special
Study Carried Out in Ampara During Yala 1984, O, Zoleszi. 1985,

Small-Scale Irrigation Technical Assistance in Indonesia: Sulawesi Sela-
tan, Nuta Tenggara Barat, Nusa Tenggara Timur. J. Brewer. 1986

Social and Economic InRuences on Perimeter Management and Opera-
tion: Findings frora Research in the Maggia Valley, Niger. L. Goldring.
1986.

‘The Importance of Land Tenure in the Distribution of Lenefits for Irriga-
tion Development Projects: Findings from the Cayes Plan, Haiti. L.
Raynaolds. 1986.

Getting the Process Right: Farmer Organization and Participation in
Irrigation Water Management. N. Uphoft. 1986. (Curreniy available as
Improving International lrrigation Management with Farmer Participation.

Studies in Water Policy and Management, No. 1. Westview Press. Boulder,
CO.

Labor Demand and Employment Generation in Irrigation Systems, R. S.
Meinzen-Dick. 1987,

Local Resource Mobilization and Peruvian Government Intervention in
Small Highland Irrigation Systems. B.D. Lynch. 1988,

Local Resource Mobilization and Government Intervention in Hill Irriga-
tion Systems in Nepal. U.Pradhan. 1988,

Irrigation System Operations intensity and Relative Water Supply: The
Asian Case. T.B. Moya and M.F. Walter. 1988,

Slide Shows

(available only on videotape)

Farmer Organization in Minipe, Sri Lanka. Nine-minute slide show
indicating the success of one irigation scheme’s farmer organization.

Diagnostic Analysis Workshop. Eleven-minute slide show about the five-
week workshop that the Project has presented in several countries.

ot
”~

1) . N » ' .
Water Management on Smzll Farms: Training for Farmers in Hill Areas.
A series of five slide-tapes: a companion 0 Water Management on Small
Farms: A Training Manual for Farmers in Hill Areas.

Plant-Nutrient Deficiencies. Discusses major nutrient deficiencies,

Sprinkle Irrigation --An Overview, A 25-minute slide-tape program intro-
ducing the different methods of sprinkle irmigation,

Irrigation in Somalia: Fragmatic Rehabilitation Along the Shelbelle River.
A 26-minute slide show documentation, 1987,

Niger frrigation Schemes Case Study. A slide/videotape program documen-
tation. 1988.

Other Channels. E.W, Coward er al. 1988,

Improving Performance of Irrigation Bureaucracies: Suggestions for Sys-
tematic Analysis and Agency Recommendations, N, Uphoff with P.
Ramamurthy and R. Steiner. 1988,

Videotapes

Measuring Convevance Losses in Watercourses, T. Trout. Series of tapes
discuss how to measure and evaluate water losses. (See Videotape Guides)

Farmer Involvement, Investigates the need and benefits of involving farmers
in all phases of the development process.

Diagnostic Analysis Workshop. Nlustrates the five-week project workshop.

Research-Development Process. Discussion of the development model used
by Water Managenient Synthesis 1 Project.

Diagnostic Analysis Process. Outlines the firet phase of the development
model. This phase is divided into reconnaisewnce and detailed studies. Flow
charts describe the sequence of activities,

Diagnostic Analysis in Sri Lanka. An overview of the diagnostic analysis
workshop conducted in Sri Lanka in July 1983

The Minipe Project. Looks at how a group of religious leaders organized
farmer groups in Minipe, Sri Lanka.

The Agronomy Series. Three tapes that examine soil moisture measurements,
salt-affected soils, and plant/soil/water relationships,

The Role of Economics in Diagnostic Analysis. Discusses the major eco-
nomic considerations in the dizgnostic analysis of a system,

Farmer Organization. Describes the necessity of organizing farmers into
groups for morc efficient water management.

The Social Organization of Irrigation. Social processes in irrigation.

The Role of Women in Development. Examines the WID component in
understanding the role of women in an irrigation system.

Exercises in Vision. Examines the India Training Program und the diagnostic
analysis of an irrigation site near Fort Collins, Colorado.

Irrigation Training Modules. A series of 40 video programs in English and
Spanish designed to introduce irrigation concepts to agricultural technicians,

Computerized Irrigation System Management. A series of six programs
dor . eenting LSU's computer models that assist in operation and management
of irrigation systems.

Forum on Improved Performance of Irrigated Agriculture in Sub-
Saharan Africa. A 30-minute videotape summarizing the various presenta-
tions at the 1988 forum in Nuirobi, Kenya.

Zimbabwe Joint Field Study. Video of field study done by joint WMSII
and Zirnbabwe interdisciplinary team.
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Joint Project Management Team

The WMSII Project was managed by a Joint Project Management Team composed of the following members:

Dr. L. Worth Fitzgerald, U.S. Agency for Internationai Development, Project Manager, WMSII
Dr. Jean Ruley Kearns, Deputy Ex=cutive Director, Consortium for International Development
Dr. Richard McCennen, Executive Director, WMSII, Montana State University

Dr. Wayne Clyma, University Project Director, Colorado State University

Dr. E. Walter Coward, University Project Director, Cornell Univercsity

Dr. Jack Keller, University Project Director, Utah State University

For further information contact Dr. L. Worth Fitzgerald, Bureau of Science and Technology, United States
Agency for International Development, Washington, D.C. 20523.

Opinions expressed in this report are those of the contractor and do not necessarily reflect those of the Agency for
International Development. e
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