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I. INTRODUCTION
A. PURPOSE OF THE PAPER AND RESEARCH OBJECTIVES

This paper reports our research into the methodologies used for
Trrigation system diagnostic studies. These studies were conducted
under USAID's Water Management Synthesis TI (WMS II) Project.

The two main objectives of the research were:

* Develop an understanding of the diagnostic methodologfes used
by the WMS II Project to evaluate irrigation systems.

* Examine how these methodologies can be more effectively utilized
1n the future, and determine the requirements of a methodology
in a particular situation.

A secondary objective of this research was to briefly capture the lessons
that have been learned about 1rrigation system performance in developing
countries through the application of these methodologies.

B. SCOPE AND LIMITATIONS OF THE RESEARCH

The scope of this research extends to three types of irrigation
system studies made by the WMS II Project: diagnostic analysis work-
shops, irrigation sector reviews, and project design papers. The analy-
sis of these three study types was combined because, to varying degrees,
all are diagnostic in nature. A1l three study types seek to understand
the existing state of an irrigation system, identify the system's streng-
ths and constraints, and, 1f necessary, recommend improvements.

A major 1imitation on our research was that the WMS II reports on
these activities did not record the methcdolngies used, except 1a the
case of the diagnostic analysis studies. Such information would have
lengthened the reports and .might have been of 1ittle interest to the
clients. Our identification of the methodologies used was 1imited to
analyziry the content of the study reports and Interviewing team mem-
bers. As a result, information is 1imited on team building, activity
sequence, selection of the methodology, and decision-making.

Some terms used 1n this paper require clarification either because
they are not widely used outside the WMS II Project or because these
terms have different meanings depending on the context of their use.

We use the term "methodology" 1n its most comprehensive context. That
s, a methodology 1s the system of principles and a procuss applied to

a sclence or discipline. The principles include the analytical framework
and Togic inherent in the formation of knowledge. The process 1s the
series of steps, or activities, followed 1n applying the analytical
framework and logic to knowledge development.



The term "irrigation system" refers to different analytical units
depending on the context of the analysis. An irrigation system may be
an individual irrigatior scheme, a sector such as the small-scale irriga-
tion sector in Kenya, or a region. In the diagnostic analysis workshops,
"system" usually meant one irrigation scheme. For our purpose, we con-
sider that an irrigaticn scheme comprises a water source; delivery,
application, use, and removal subsystems; and the cropping, socio-econo-
mic, and organizational subsystems., The irrigation system is the irri~-
gated agricultural system. In sector review studies and project design
papers, the irrigation schemes that were visited may have been referred
to as "systems." Also, the sector or region itself may have been referred
to as a system.

In WMS II Project, the term "diagnostic analysis" is used to refer
to a methodology that has been extensively used to evaluate irrigation
schemes and train professionals to study irrigation schemes in a workshop
setting (Lowdermilk et al., 1983; Podmore and Eynon, 1983). These train-
Ing workshops were called diagnostic analysis workshops. There may be
a tencency to confuse the term "diagnostic analysis," referring to a
particular methodology, with the general term "{rrigation system diag-
nosis," which means any study or evaluation of irrigation system perfor-
mance. System diagnosis, as used in this paper, refers to all irrigation
system studies that use a diagnostic approach.

The information presented in this paper is organized into five
chapters. Chapter II is a 1iterature survey of the existing methodologies
used in the WMS II Project for evaluating irrigation system performance.
In Chapter III, we present the approach that was followed to synthesize
information about selected WMS II irrigation system diag.iostic studies.
This includes a reference methodology that was used to review these
case studies. In Chanter IV, we analyze the information collected as a
result of the review of selected WMS II diagnostic studies. The purpose
of this analysis is to develop guidelines that can be utilized in future
studies of irrigation system performance. These guidelines, or recommen-
dations, are outlined in Chapter V. The details of the case study reviews
are given in Appendices A - F.



II. BACKGROUND OF IRRIGATION SYSTEM DIAGNOSIS

This chapter describes the types of diagnostic studies conducted
under the WMS II Project. Most of these studies used the diagnostic
analysis and rapid appraisal methodologies. Both methodologies are
well documented, though a brief description 1s provided in this chapter.

A. TYPES OF DIAGNOSTIC STUDIES CONDUCTED BY WMS II PROJECT

The diagnostic studies conducted under the WMS II Project can be
classified into three categories: diagnostic analysis workshops, sector
reviews, and project design papers. The diagnostic analysis workshops
1dentified the major constraints to ootimum system performance and, 1n
most cases, gave recommendations on hox to alleviate the constraints.
The purpose of diagnostic analysis workshops was to study and evaluate
frrigation schemes while training professionals in irrigation system
difagnosis.

Sector review studies sought to establish the existing state of a
particular sector of irrigatfon 1n a country, and gave recommendations
for further developing the irrigation sector. Project design papers
were concerned with formulating projects to improve performance of one
or more schemes, or of an irrigated agricultural sector.

The scope of the three study types and, to some extent, the metho-
dologies usad to fulfill the study objectives, are different. However,
the three study types are similar in that they are diagnostic in nature.
They seek to understand the existing state of irrigation and the potential
that can be achieved, and to analyze strategies for achieving the poten-
tial state.

A1l WMS II diagnostic studies were conducted by teams of profes-
sfonals representing disciplines such as rural sociology, irrigation
engineering, economics, and agronomy. For diagnostic analysis workshops,
the team generally followed the methodology of diagnostic analysis (Low-
dermilk et al., 1983; Podmore and Eynon, 1983). The sector reviews and
project design papers typically did not follow a standard methodology
for the whole diagnosis. However, some teams (Laitos et al., 1986; Adams,
1983) used the methodology of rapid appraisal as part of the diagnosis.
The rapid appraisal and diagnostic analysis methodologies are discussed
in the following section.

B. DIAGNOSTIC METHODOLOGIES USED IN WMS II STUDIES

The two existing methodologies that have been extensively documen*ed
and used are rapid appraisal (Chambers, 1983) and diagnostic analysis
(Lowdermilk et al., 1983). This section of the paper briefly describes
each of these methodologies.



1. Diagnostic Analysis

Diagnostic analysis 1s an interdisciplinary methodology for defining
the existing state of an irrigation system and identifying its strengths
and weaknesses (Lowdermilk et al., 1983; Podmore and Eynon, 1983). The
methodology is defined by Lowdermilk et al. (1983) as "an interdiscipli-
nary method of examining both the values, that is [the] benefits and
constraints, and [the] restrictions of a system." However, many diag-
nostic analysis workshops also have included recommendations for rel ieving
constraints. The irrigation system may include one or more irrigation
schemes.

Diagnostic analysis is one phase of a research-develoupment process
(Clyma, Lowdermilk and Corey, 1977) as illustrated in Figure 1. The
diagnostic analysis phase consists of an interdisciplinary study Tnvolving
the farmers and the interdisciplinary team to achieve an understanding
of how the irrigation system is operating. The end product of a dfagnos-
tic analysis is an objective assessment of the most important problems.
The second phase, development and assessment of solutions, utilizes
applied research methods to identify and test useful solutions for farm=-
ers. Phase III, implementation, is undertaken to provide solutions for
farmers and to improve the performance of irrigated agriculture.

Phase 1:

Diagnostic

Analysis

Feedback

Phase 3: Phase 2:
Program » Develcpment
Implementation & Assessment
of Solutions
/7

Figure 1. Resedrch-deve]opmenf process (adapted from Lowdermilk
et a] (¥ ] 19&) .



To conduct a diagnostic analysis study in the field, researchers
go through a process or set of activities. The general sequence of

activities followed by many of the diagnostic analysis studies is given
in Figure 2,

Diagnostic Analysis

Preliminary
objectives

'

Reconnaissance

* Background information
* Preliminary field surveys

l

Revised objectives
and plans

l

Detailed studies

Interdiscigiinary
analysis & synthesis

Report writing
* Disciplinary
* Interdisciplinary

Figure 2. General sequence of steps followed by diagnostic
analysis studies (Lowdermilk et al., 1983).



The diagnostic analysis methodology has its roots in the irrigation
water management research conducted in Pakistan with the assistance of
Colorado State University in the 1970s (Clyma, Lowdermilk and Corey,
1977). The methodology evolved from experiences in collecting and analyz-
ing field data to understand existing system perforuance. Initially,
these experiences were confined to farm-level analysis, but later, analy-
sis of the water delivery system was included.

2. Rapid Appraisal

The rapid appraisal methodology, according to Chambers (1983),
seeks to answer the question: How best to organize an irrigation system
diagnosis to identify the optimal mix and sequences of actions which
will improve system performance? Potten (1985) states that the aim of
rural rapid appraisal 1s "to provide and analyze information on rural
conditions as quickly as possible, and to be cost effective, avold biases,
and ensure the availability of results in a usable format."

To meet the cost-effective objective, rapid appraisal relies on
qualitative principles (Potten, 1985). Therefore, the team should aim
at levels of "optimal ignorance" and "appropriate imprecision.”

Chambers (1983) suggests that the rapid appraisal team should include
some combination of tha disciplines of irrigation engineering, hydrology,
agricultural engineering, agronomy, agricultural economics, soziology,
and management science. Team members may have expertise in one or more
of these disciplines.

De lTos Reyes (1980) designed a checklist for rapid appraisal of
communal irrigation systems in the Philippines. The recommended informa-
tion to be collected was as follows: {dentification of water supply and
water rights, history of assistance received, land ownership, organiza-
tional aspects, opinions on assistance needed, water distribution, con-
flict management, irrigation fees, and maintenance procedures.

Yoder and Martin (1983) presented a checklist for information to
be collected for a study of community-managed irrigation systems in
Nepal. The 1ist is divided into four sections:

1. General information: location, physical, population, ethnic
groups, land holdings, tenancy, agricultural production, employ-
ment and migration, markets and prices, institutions, and
development projects.

2. Organization: membership, social composition, official posi-
tions or roles, meetings, water allocation principies, water
distribution, maintenance, conflict, conflict resolution, and
organizational development.

3. Historical development of existing irrigation systems.

4, Technical information: water source, intake, distribution
systems, soil types, provision for non-crop~related water

6



uses, physical constraints to increasing the irrigated area,
and identification of Tocal priorities and resources.

The above team composition and checklists reflect the most important
disciplines and information to be gathered during a rapid appraisal.
The checklists are procedures for ensuring completeness of data based
on the experience of the authors, but these recommendations are not
complete methodologies.

Laitos et al. (1986) outlined a rapid appraisal "methodology* (based
on the reconnaissance step of diagnostic analysis) used to diagnose
frrigation schemes in Nepal. The rapid appraisal was divided into:

* Entr gather information from written material, reports
and studies; identify key informants.

* k=through: entire team walks through scheme
exchanging observations and insights.

¥ Individual studies: direct observations, field measure-
ments, and informal interviews (mostly qualitative in
nature).

* Compare findings: compare and correlate data, and draw
tentative conclusions (formal and informal mestings).

* Strengths and ¢ each team member reported
Impressions of the scheme's strengths and weaknesses.

3. Comparison of Diagnostic Analysis and Rapid Appraisal

Conceptually, the methodologies appear to be similar in that they
both attempt to standardize irrigation system evaluation. Both recog-
nize that irrigation system evaluation must draw upon many kinds of
disciplinary expertise and local oxperience. Also, team members using
elther inethodology interview key informants drawn from among fammers
and the irrigation agency, in addition to their observations in the
field.

The diagnostic analysis methodology has a well-developed conceptual
base and a sequence of field activities to conduct the study (Lowdermilk
et al., 1983; Podmore and Eynon, 1983). The rapid appraisal methodology
emphasizes the procedures for collecting appropriate data with 11imited
resources 1n order to analyze irrigation system performance. A form of
rapid appraisal -- reconnaissance survey -- is used as a part of the
diagnostic analysis methodology.

The differences between the two approaches to diagnosing irrigation
systems appear to be in their emphases, not in their overall purpose,
Both approaches are applied 1n the study of individual irrigation systems,
Rapid appraisal has been more frequently applied to studies of irrigation
sectors or a series of projects. Diagnostic analysis has been more
frequently applied to studies lasting from one week to one season in
Tength 1n individual irrigation schemes. Both attempt to look interdis-
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ciplinarily at the irrigation scheme. The diagnostic analysis defines
the irrigation system as irrigated agriculture, and rapid appraisal
frequently has looked Targely at the water delivery system and the as-
sociated irrigation department and farmer organizations. The concepts,
approaches, and procedures for diagnostic analysis have been more speci-
fically defined than those for rapid appraisal.



III. RESEARCH APPROACH

In this chapter, we review the approach that was used to achieve
the research objectives, including the selection of sample WMS II case
studies, and the formulation and application of a reference methodology
to these case studies. This reference methodology can be used to synthe-
size knowledge abcut other diagnostic methodologies or can itseif be
used for the diagnosis of irrigation systems.

A.  SELECTION OF CASE STUDIES

In this research, we examined the methodologies used in various
WMS II irrigation system diagnostic studies. The criteria used for se-
lecting the case studies were the following:

1. The case study had to have been conducted under the WMS II
Project.

2. The case studies had to represent a wide geographical distri-
bution.

3. Trere inad to be an equal proportion of diagnostic analysis
workshop reports, project design papers, and sector reviews.

The WMS II studies selected and examined in this research are given in
Table 1.

B. RESEARCH PREMISE AND METHODOLOGY

To synthesize information regarding the methodologies used in the
case studies, we developed a reference methodology. As noted by Lenton
(1986), there 1s a need for developing a methodology to formulate metho-
dologies for irrigation system diagnosis. The central premise of the
reference methodology is that a successful irrigation system dfagnosis
should be based on sound understanding of what good irrigation system
manageanent {s expected to achieve, Then, the diagnosis must define the
existing state of system performance. From the knowledge of existing
and de<ired levels of performance, factors contributing to low performance
can pe fdentified, and strategies can be developed for system improvement.,

The reference methodology is based on a methodology for dfagnostic
analysis defined more completely by Clyma and Lowdermilk (1988). The
reference methodology consists of a diagnosis process, supporting con-
cepts, and an analytical framework. The reference methodology (Figure
3) shows that diagnosis 1s accomplished through management and system
management concepts, disciplinary process concepts, and the analytical
framework.,

Management in 1ts simplest concept s the organization of people
and resources to accomplish the objectives of a particular enterprise
(Clyma, Lattimore and Reddy, 1982). The system management concepts
acknowledge that irrigated agriculture i1s a system encompassing the water
supply, the area under crop production, and the supporting facilities

9



Table 1. Summary of Water Management Synthesis II reports selected for
examination,

Appendix* WMS Title of Report
Report
Number
A 40 Current Public and Private Sector Activities

for Small-Scale Irrigation Development (Kenya)
(Coward et al., 1986)

B 43 Rapid Appraisal of Nepal Irrigation Systems
(Laftos et al., 1986)

C 25 Interdisciplinary Diagnostic Analysis of a
Work Plan for the Dahod Tank Irrigation Project,
Madrya Pradesh, India (Venkataramanet al., 1984)

D 33 Irrigation Systems Management Project Design
Report: Sri Lanka (Skogerboe et al., 1984)

E 20 System H of the Mahawel{ Deveiopment Project,
Sr1 Lanka: 1953 Diagnostic Analysis (Jayewardene
and Kilkelly, 1983)

F 32 Small~Scale Development: Indonesia/USAID (Walker
and Coward, 1934)

® The reviews are included as appendices to this report; only the main
points from each are included in the body of the report.

and organizations.  This system is managed to produce food and fiber to
improve the well-being of farmers. Understanding of the total system
must integrate varying academic expertise and local experiences.

The analytical framework of the reference methodolagy 1s shown 1in
Figure 4 and includes the structure and logic for acomplishing diagnosis.
The analytical framework is based on the premise that system management,
In the context of {rrigated agricuiture, must focus on achieving the
purpose of {rrigated agriculture. The purpose and defined outcomes of
frrigated agriculture must be agreed upon and worked toward if management
1s to be improved.

The diagnosis process 1s presented 1n Figure 5 and includes the
essential sequence for accomplishing a diagnosis. The logic followed
Tn conducting a diagnostic study directly builds on the concepts and
analytical framework. The concepts to be used in the diagnostic methodo~
1ogy should be carefully reviewed and agreed upon by the team. Then,
the team must formulate an overall plan for the diagnostic study and
establish roles and responsibilities., The reconnaissance study helps
formulate 1nitial hypotheses concerning frrigation system performance.
The information obtained from the reconnaissance study 1s used to plan
the detailed study of the irrigation system. Planning for the detailed

10



study involves making decisions regarding data to be collacted, how the
data will be collected, who will collect the data, and coordination
requirements in data collection. The results of the detalled study
w111l confirm or reject the hypothesized problems and their contributing
factors,

As the detailed study approaches an end, the overall analysis and
synthesis of data is initiated. This involves individual discipline
analysis of data, joint analysis of some data, and interactions between
all disciplines to integrate the understanding.

Overall
Plan &

System
Concepts

Management
Concepts

Concept

System
Diagnosis

Integration

Disciplinary
Concepts &
Principles

Analytical
Framework

Management
of Plan

Figure 3. Conceptualization of the reference methodo] ogy
(Clyma and Lowdermilk, 1988),
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System Analytical Framework

Establish and agree upon
system management objectives

I

Define and agree upon
subsystem boundaries and interactions

4

[dentify and agree upon
performance parameters

:

Identify and agree upon
variables to measure system performance

| Establish priority of problem areas |

l Identify contributing factorsl

A 4

Measure the magnitudes of the effects

\ 4
Identify the priority of contributing factors

A 4
Set the priority of goals for improvement

Figure 4. Outline of the analytical framework (modified from
Clyma and Lowdermilk, 1988).
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The Diagnostic Process

Overall plan for diagnostic analysis

Detailed plan for rapid diagnostic
analysis with initial hypotheses

l

Reconnaissance or
rapld appraisal

;

Hypothesized high and low
performance areas

y

Detailed plan for diagnosis

v

[Detalled studies of system

'

Accept or reject hypothesis

!

Synthesis of understanding
and recommendations

Figure 5. Diagnosis process for dfagnostic analysis of irrigation
systems (Clyma and Lowdermilk, 1988).
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1. Analytical Framework

The analytical framework of the reference methodclogy, as outl ined
in Figure 4, is based on the logic that a system diagnosis must begin
with understanding the overall goals and objectives toward which the
system 1s managed. After understanding system objectivas, the diagnostic
methodology should establish whether or not the objectives are achieved
by comparing the actua’ performance with the desired performaiice of the
system. If the objectives are not achieved, the contributing factors
causing the low performance need to be identified. Recommendations
could then be made for irrigation system improvement.

After the overall goal and system objectives are identified, the
diagnostic methodology should evaluate system performance by identifying
the performance indicators and measuring the relevant variables (Figure
4). When actual system performance is compared to the desired system
performance, the methodology can then be used to identify the contributing
factors that should be addressed to improve performance.

The central concept of the analytical framework is i1lustrated in
Figure 6. This concept is that irrigatfon systems are managed with
certain objectives 1n mind to achieve the overall goal of farmer welfare.
The primary goal of irrigated agriculture should be to increase farmer
welfare, though irrigation sectors are frequently expected to fulfill
other goals. The key management objectives are water control, prod-
uctivity of agriculture, resource conservation, and return on investment.
These objectives are achieved with effective organizational coordina-
tion and farmer participation.

We analyzed the diagnostic methodologies used 1n the case studies
using the above framework. In the process, we learned about the various
elements of the analytical framework. The results of this analysis are
presented 1n Chapter IV.

2, Process for Conducting a System Diagnosis

To evaluate the performance of irrigations systems using the analy-
tical framework, the team needs to undertake a series of activities.
These activities constitute a process for applying the analytical frame-
work. While exact content of these activities might vary depending on
the nature of the system dfagnosis, the process includes a number of
activities which are common to many diagnostic studies. The activities
forming the diagnostic process may be as follows:

* Hold team meetings to define study objectives, plan and formulate
diagnostic methodology and assign roles for various team
members. Inclusion of host country and donor agency officials
s highly desirable in this phase of the diagnostic study.

¥ Plan for reconnaissance study or rapid diagnostic analysis.

* Conduct reconnaissance study of the irrigation system, including
11terature survey and meetings with key officfals and system

14



users. Analyze data for initial findings, and formulate hypotheses
concerning irrigation system perfomance.

* Hold team meeting to analyze initial findings and plan for the
detailed field study. Discuss the analytical framework of the
methodology and process for collecting the data.

* Conduct detailed field study using the analytical framework to
guide data collection and documentation.

* Analyze data to synthesize information about the irrigation
system performance and strategies to improve system performance.
Prepare report on the diagnostic study.

Organizational
Coordination

Farmer
Involvement

Return nn
Investment

Water Control

integration

Farmer
Well-being

Integration

Resource

Productivity Conservation

Famer
Involvement

Organizational
Coordination

Figure 6. Central concept of the analytical framework (Clyma
and Lovdermilk, 1988).
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IV. ANALYSIS AND DISCUSSION

In this chapter, the results of our review of the case studies are
presented. In the review process, we followed the analytical framework
of the reference methodology to synthesize information about the diagnos-
tic methodologies used by the WMS II teams. Also, this {nformation 1is
used to analyze and clarify components of the reference methodology so
thore are useful guidelines for future diagnostic studies. The format
of this chapter follows the logical progression of the analytical frame-
work, which 1s identification of goals and management objectives, evalua-
tion of system performance, and formulation of improvement strategies.
This discussion 1s followed by an analysis of the process for conducting
a system diagnosis.

A.  GOALS AND MANAGEMENT OBJECTIVES

Most of the case studies assumed that the primary goal of irrigated
agriculture is to 1ncrease farmer welfare through increased agricultural
productiv’ty, This premise is correct, particularly at the irrigation
scheme Tevel. To sustain farmers! support and participation, individual
irrigation schemes must increase farmer welfare. However, at regional
or natifonal policy levels, there may be other goals for developing {irri-
gated agriculture.

The case studies present examples of the diversity 1n goals toward
which irrigation systems may be developed. For the Kenyan sector review
(Coward et al., 1986), the team considered rural development as a goal
for developing irrigation schemes. In the Indonesian project design
study (Walker and Coward, 1984), population transmigration from Java to
the outer 1slands was considered a goal of the frrigation development
project. Another goal for developing irrigation systems frequently
mentioned by policy makers is to earn forsign exchange by growing cash
crops that have an export value (for example: cotton and tobacco).

While these goals are legitimate for managers at the national or
sectoral levels, managers must insure that the goal of farmer welfare
1s not compromised 1n the pursuit of these goals. For example, to broaden
the participation of the rural population in irrigation schemes, 1t may
be desirable to 1imit landholding size. An frrigation scheme diagnosis
may conclude that farmers cannot make an adequate return on their invest-
ment while paying recurrent costs to the system because landholdings
are too small (Zimbabwe Joint Workshop Team, 1988). In that case, pol icy
makers would need to revise development plans so that the goals of in-
creased farmer welfare and rural development become congruent.

In achfeving the goal of improving farmer welfare, several factors
must be considered; namely, the sustainability of the system, improvement
of the public gocd, and prevention of negative externalities. As such,
we can describe gocd irrigation system performance as achieving the
overall goal of increasad productivity through certain management objec~-
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tives. An example of key management objectives as presented by Clyma,
Lattimore and Reddy (1982) {is the following:

* resource conservation to ensure a productive future.

* positive return on fnvestment in irrigated agriculture.

* water control to insure dependability, equity, and adequacy
of 1rrigation water supply.

* increased productivity of agriculture.

* appropriate farmer involvement in system management.

Specific objectives or subsets of the above may be identified in a
particular study of an irrigation scheme, sector, or irrigation develop-
ment project. Based on our review of the case studies, the above objec-
tives define what must be achieved by system management to increase
farmer welfare through increased agricultural production. If some of
these key management objectives are not achieved at the irrigation scheme
level, then the goal of increased farmer welfare may not be obtained.

We can present some evidence from the case studies to analyze the
observation made above. In Kenya, the sector review studies (Coward et
al., 1986) indicate that agricultural production may be increased through
large-scale 1rrigation schemes controlled by government agencies. How-
ever, the participation of farmers regarding choice of crop, input use,
crop management practices, and crop marketing is nonexistent. The study
questions whether or not such development strategies can be sustained
over the long run. Since the management objective of farmer participation
s not achieved, the overall goal of farmer welfare may not be obtained.

Another example is provided by the diagnostic analysis workshop
conducted 1n Bangladesh to study tubewell irrigation systems (Karim et
al., 1983). The study clearly showed that the management objectives of
water control and farmer participation were not achieved. The benefits
of irrigation were captured by a few rural elites which decreased the
wel fare of other farmers., A primary reason for the inequity was that
national policies, in some cases, do not prevent a dominant landowner
from assuming sole control of a tubewell.

Th2 two examples above are biased towards farmer participation in
irrigation scheme management. This was done intantionally to defend,
1f necessary, the position of fncluding farmer participation as an objec~
tive. Many of our colleagues have suggested that farmer participation
1s a means for achieving specified management objectives. With this
suggestion in mind, we no longer include farmer participation and organi-
zational coordination as management objectives (Figure 5). Rather,
these can be conceptualized as important means for achieving the manage-
ment objectives,

Similar examples can be given to 11lustrate the importance of
achfeving other key management. objectives or subsets of the objectives.
Resource conservation is particularly important for two reasons. First,
In the rush of increasing production, important resources such as land
and water are often degraded. Second, resource conservation is the
category of objectives which was not explicitly addressed in any of the
six case studies.
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From the evidence presented above we conclude that an appropriate
strategy for conducting an irrigation system diagnosis is to clearly
1dentify the goals and objectives toward which the irrigation system is
managed. In developing countries, differences may exist regarding the
goals and objectives for developing the irrigation systems between policy
makers at the national level and farmers at the scheme level. A success-
ful irrigation system diagnosis should analyze the causes of such dif-
ferences and suggest strategies for making the national goals congruent
with the scheme-level goal of increased farmer welfare.

Though irrigation systems are developed to fulfill multiple goals,
Increasing farmer welfare should be the primary goal at the scheme level.
This 1s necessary for sustained farmer participation in the management
of frrigation schemes. Because improving system performance will depend
on increased farmar welfare, the success of achieving other goals, such
as rural development and earning foreign exchange, will depend on achiey-
1ng the goal of increasing farmer welfare. Therefore, in system diagno-
sis, the focus is on factors that constrain improved farmer we]fare.

B. ANALYSIS OF SYSTEM PERFORMANCE

After identifying goals and management objectives, a diagnosis
team should anaiyze system performance to see whether or not the objec-
tives are being achieved. This is done by comparing actual system perfor-
mance with potential or desired performance.

The management objectives mentioned above may specify the desired
level of system performance. For example, the management objective of
Tncreasing agricultural productivity may establish yield levels that
can be attained. The desired level of system performance can also be
determined by rinsidering the performance of irrigation schemes in favor-
able conditions, such as on research farms.

For each management objective, performance parameters exist that
describe how well a system is meeting an objective. For example, equity,
adequacy, and relfiability of water delivery can indicate how well the
objective of water control {s being met. Rapid appraisals may not provide
time and resources for measuring the system performance in attaining an
objective. Thus, performance indicaturs may provide a basis for under-
standing the level of system performance. Performance indicators quali-
tatively measure yield levels or other performance levels.

For each performance parameter, variables can be identified and
measured to assess the level of performance. For instance, the adequacy
of water delivery to a particular farmer can be assessed by measuring
the flow onto the farm during an irrigation delivery. The desired per-
formance could be indicated by the farmer's perception of his water
needs or by an assessment of crop water needs.

The difference betwsen actual and desired system perivormance begins
to establish the priority problem areas where performance is low. Once
a priority problem area is established, then the factors that cause or
contribute to the low performance are identified. The magnitude of the
effect of each contributing factor can usually be identified. The reso-
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lution of the priority contributing factors solves a priority problem.
Recommendatiors are formulated by establishing goals which result in the
resolution of one or more related contributing factors.

The suggested subsystems and performance parameters for each manage-
ment objective represent suggested approaches for each objective. The
team should 1dentify and agree upon the particular management objectives,
subsystems, performance parameters or indicators, and variables to be
measured for their particular diagnostic analysis study. These sugges-
tions should be added to and accepted by the team based on their own
experience and understanding of a particular irrigation scheme.

One example of a combination of the elements in the analytical
framework is presented in Table 2. For convenience, the contributing
factors and recommendations are not 1isted. Examples of these components
are discussed in the reviews of the WMS II diagnoses (Appendices A~F)
at the end of this paper,

Note that the performance variables are not included in Table 2.
It 1s difficult to be general about system performance variables because
by definition they are locality-specific. The performance variables to
be measured depend on the system objectives and performance indicators,
and they must be identified and measured in that context. However, given
the extensive experiences of WMS II Project, it is possible to extract
some lesscns or guidelines that apply to performance indicators and
variables in several developing countries.

l. Analysis of Actual Performance

Tre first set of guidelines for analyzing actual performance concern
the 1dentification of performance indicators and variables for evaluating
frrigation system performance. Identirying correct performance variables
1s a complex process that must have Tnput from various disciplines con-
cerned with irrigated agriculture,

This is particularly correct when these variables are meastred
through interviews with key informants. For example, during the diag-
nostic analysis workshop for the deep tubewell irrigation systems in
Bangladesh, 1t was consistently mentioned that the tubewell discharge
was about 2 cfs (Karim et al., 1983). What was being referred to was
the design discharge, not the actual discharge. The actual discharge
measured in five tubewell 1rrigation systems was about half the design
discharge.

Not only does this cross-checking of indicators identify errors in
the data, it is also used to reinforce conclusicns. For example, in
the Nepal rapid appraisals (Laitos et al., 1986), the team identified
equity of water supply as one of their performance indicators. The
team was able to make some flow measurements to establish the Jevel of
equity of water supply during one irrigation. Then, crop yield data
from the farmers' and system records was used to verify the inequities
of water supply., This is an example of how variables from two different
disciplines can be used to establish the performance indicator 1f the
team members maintain good interdisciplinary communication.
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Table 2. Examples of the analytical framework elements used by the
reference methodology.

Management Subsystem Suggested
Objectives Performance
Parameters
Water control National Equity
Main scheme Rel1ab111ity
Unit command Adequacy
Farm
Field
Productivity of Field Yield
agriculture Farm Crop intensity
Scheme Cropped area
National Variability of
yield
Resource Field Erosion
conservation Farm Sedimentation
Scheme Fertility
National Waterlogging
Salinity
Structural
degradation
Seawater intrusion
Return on National Costs and benefits
1nvestment Scheme Social returns
Cooperative
Farm
Effective Irrigation dept. Technical ability

organization and
coordinatior

Design

Construction
Agricultural dept.

Extansion

OFWM

Seeds

Fertilizer

Mechanization
Planning & development
Private sector

Seeds

Fertilizer

Other services
Farmer organfzations
Other organizations

of persaonnel
Communication between
organizations
Accountability
Incentive/sanction
structure
Tenancy patterns
Conflict management
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In assessing the water control within an irrigation system it is
important to establish the amount of water supplied, the spacial variation
of supply, and the timing of the supply, especially its reliability.

The amount of water and the necessary timing depends on the demand pat-
terns within the irrigation system. The diagnostic team must understand
the pattern of demand within the system. This requires knowledge con-~
cerning cropping patterns, soil properties, and farmers' water management
practices within the irrigation system. To recognize the need for this
information and to collect it requires cooperation within the team.

The uncertainty present in identifying the performance variables
may be one reason why evaluation studies collect large amounts of "data."
At the beginning of a diagnosis, the team members are not sure what
performance variables need to be considered in a particular sector or
frrigatfon scheme. A logical response is to collect as much data as
possible, As the team members gain more experience and knowledge about
the sysiem, they sort available data to identify the variables that,
when measured, can state the system performance. Team members may discard
some of these data during their analysis phase as it becomes clear which
data explain system performance and which do not.

The second set of guidelines relate to measuring irrigation system
performance variables. In diagnostic analysis studies, the team members
have the opportunity and time to collect data on individual irrigation
schemes. Many of the system performance variables are actually measured
in the field. This 1s particularly true for variables such as crop
ylelds, water supplies, and water demand,

Comparatively, the team members on a sector study or project design
have 1imited time for measuring performance varfables in individual
frrigation schemes. As a result, we saw more emphasis on collecting
secondary data to evaluate system performance. Also, most of the perfor=-
mance varfables were measured using interviews with key informants rather
than direct measurement of the variables in the field.

From the reviews of the case studies, we conclude that 1dentifying
and measuring performance variables requires sound interdisciplinary
experience and expertise. The team needs to identify performance vari-
ables, separate them from other data, and measure the variables in a
time-effective way. This is a valid reason for requiring that some of
the team members have previous experience in the social and economic
aspects of irrigated agriculture in the country.

2. Analysis of Desired Performance

To evaluate whether or not an irrigation scheme or the irrigation
sector is achieving its objectives, 1t 1s necessary to establish a desired
level of performance. Many times the desired level of performance is
defined 1n the system objectives. For example, system management may
specify target yield levels and the command area that is to be irri-
gated as agricultural productivity objectives. The smali-scale irrigation
projects designed in Sri Lanka, Indonesia, and Nepal specified target
command areas to be irrigated by the project schemes (Skogerboe et al.,
1984; Walker and Coward, 1984; Laitos et al., 1986). The Indonesia
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project considered cropping patterns as well as irrigated area (Walker
and Coward, 1984).

If the desired level of performance is not specified in the objec-
tives, then it must be determined by the team. The desired level of
performance can be established by comparing units within an ifrrigation
scheme (tertfary units in Indonesia and watercourse commands in India
and Pakistan), irrigation systems within a sector, or irrigation systems
in different sectors (large-scale and small-scale irrigation sectors).
The level of performance obtained under controlled conditions, such as
at research farms, 1s also used as a measure of desired performance.

In sector review and project design studies, the teams do not have
enough time to compare units within each irrigation scheme visited. As
a result, the methodology for evaluating desired performance seems to
be to compare different irrigation schemes to each other. Therefore,
the sampling procedure for selecting irrigation schemes to compare is
critical. According to the case studies and interviews with team members,
there was considerable input to the selection process from local profes-
sionals in govermment agencies and in the USAID mission. 3ome of the
criteria commonly used were whether the irrigation schemes were "well
managed" or "not so well managed", had adequate water supply or had low
water supply, had monocropping or diversified cropping, were small or
large, and were government-managed or farmer-managed.

When selecting sample irrigation schemes, the tendency was to select
Trrigation schemes within the sector being studied. This was particularly
true for the project design studies. The irrigation project studies in
Sri Lanka, Indonesia and Nepal almost exclusively visited small irrigation
schemes (Skogerboe et al., 1984; Walker and Coward, 1984; Laitos et
al., 1986). However, it can be informative to understand other sectors
of agriculture as well, such as large irrigation schemes managed by
government agencies and large private estates. In Kenya, for example,
the team studied irrigation schemes managed as private estates, and
iarge goverrment-managed irrigation schemes (Ccward et al., 1986).

To conclude this section on system performance analysis, some guide~
11nes concerning the documentation of the WMS II diagnostic methodologies
are reiterated. During this research, we observed that the WMS II Project
reports seldom stated the logic used to identify system performance
Indicators and the methods emploved to measure the performance variabijes.
Typically, the reports reviewed the irrigation sector and then proceeded
to the design of the project (or to recommend strategy in sector reviews).

There are good reasons why the logi: of the methodologies used in
the WMS II activities was not stated. The project design or sector
review reports are bulky enough without adding statements on methodo~
logies. Also, some experienced team members indicated that this would
be unnecessary detail.

There are equally important reasons why the process shoulu be docu-
mented., If a team does not consciously formulate and state the methods
used to determine the performance indicators to measure, it is probable
that the team members do not have a common understanding of their roles
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in the study. Also, if the methodologies are not documented, they cannot
be repeated by other teams in similar situations.

C. FORMULATING IMPROVEMENT STRATEGIES

The last phase in an irrigation system diagnosis is to formulate
strategies for improving irrigation system performance. This phase in-
cludes idantifying strengths and constraints based on the evaluation of
system performance and recommending actions that will remove the con-
straints and Improve irrigation system performance.

The review of the WMS II case studies revealed an emphasis on identi-
fying the system constraints. However, in some cases, both strengths
and constraints are analyzed. This observation is supported by the
sector review studies conducted in Kenya and Nepal (Coward et al., 1986;
Laftos et al., 1986). The Kenya study identified the successful role
of women's groups in developing and managing small-scale irrigation
schemes, and the irrigation sector review in Nepal identified system
strengths for the purpose of selecting irrigation schemes to be included
in a future project.

The 1dentification of system constraints 1s well documented in
most of the WMS II case studies. Broadly, these constraints may be
classified into two categories: system constraints that are specific
to particular irrigation schemes, and constraints that are more general,
The general constraints appeared in most of the case studies. For policy
purposes, this category of constraints 1s important. Scme examples of
genetral constraints are as follows:

* Inadequate farmer participation in system management.

*L1imited technical capability in the government irrigation agency.

* Poor communication between farmers and the government agencies.

¥ Inadequate coordination among the agencies serving irrigated
agriculture.

* Poor state of the physical control structures.

Note that most of these constraints are organizational in nature.
That s, the constraints arise beciuse of poor management of the organiza-
tional relationship between farmers and the agencies serving irrigated
agriculture. Often, an informational gap exists between the management
objectives of the farmers at the scheme level and the agency policies
at the national and regional levels. As a result, national policies
and plans may deter individual schemes from achieving the goal of in-
creased farmer welfare. As mentioned earlier, the case studies in Bangla-
desh and Kenya convincingly support these observations (Karim et al.,
1283 ; Coward et al., 1986).

There are other determinants of the constraints mentioned above,
such as degree of organizational coordination and technical capability.
In developing countries, mulitiple organizations or government agencies
play important roles in developing irrigated agriculture. However, the
patterns of coordination between the organizations are not well articu-
lated, which confuses the management of irrigation systems. Almost all
case studies, particularly the India diagnostic analysis report and the
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Indonesian project design paper, emphasized the lack of coordination
between departments (Venkataraman et al., 1984; Walker and Coward, 1984).

The lack of technical capabilities refers both to inadequate inter-
disciplinary perspectives in irrigation system design and lack of dis-
ciplinary knowledge. Irrigated agriculture is 2 complex social activity,
and designing irrigation systems requires local ~:.perience and academic
expertise. These considerations are particularly relevant to small-
scale, community-managed irrigation schemes, which {s pointed out in
the Indonesia, Kenya and Nepal reports (Walker and Coward, 1984; Coward,
1984; Laltos et al., 1986).

After identifying strengths and constraints, the diagnostic metho-
dologies develop recommendations to remove the constraints. From our
review of the case studies, we found some site-specific recommendations.
However, many recommendations were common to all the case studies.

The main recommendations concern the organizational interaction
between farmers and the irrigation department. Most of the case studies
recommended strengthening or creating water users associations and en-
hancing staff levels and the technical capacity of the {rrigation depart-
ment, especially in the areas of operation and maintenance. In the
case studies reviewed, this usually included introducing operation and
maintenance plans.

The Indonesian case study (Walker and Coward, 1984) {s an interesting
example of a designed attempt to reduce the involvement of government
agencies 1n the management of {rrigation systems. This was achieved by
1imiting the development role of the irrigation department to augmenting
water supplies 1n small rivers. The development and management of small
irrigation schemes on these rivers was to be the responsibility of the
farmer groups. The farmer groups may ask for technical assistance from
the irrigation department, {1f necessary.

Rehabilitation and improvement of physical facilities was a common
recommendation. Inadequate maintenance of the irrigation control struc-
tures seems to be a common prohlem. Increasingly, the irrigation agencies
lack the financial resources to properly maintain the irrigation facili-
ties. Many studies recommend fnvolving farmers in the operation and
maintenance of irrigation facilities, particularly at the tertfary level
~of the 1rrigation systems. However, it 1s not clear whether or not the
farmers perceive the need for the structures and the benefits of main-
taining them.

D. PROCESS FOR CONDUCTING IRRIGATION SYSTEM DIAGNOSIS

We previously Tisted a set of activities that an irrigation system
diagnosis might follow (page 14). These were to hold a preparatory
meeting with the team to define study objectives and roles, formulate a
methodology, meet with key informants and conduct a reconnaissance survey,
plan field visits and data collection procedures, conduct a detafled
field study and collect data, and analyze and document findings. In
this section of the report, we consider the implications of the pre-
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diagnosis process on the diagnosis and discuss +he overall structure of
the diagnostic process.

l. Pre-diagr,~sis Phase

From our analysis of the six case studies, we realized that the
methodologles the teams used were influenced by the process which ini-
tiated the diagnosis. The funding agency and the host govermnment were
the major players in identifying the need for the diagnosis and defining
the system to be evaluated. They also influence the membership of the
teams. Although not strictly part of the diagnosis, we considered it
important that this process be better uncderstood. Not only does the
pre~diagnosis process define the time frame, the 1imits of the system,
and the team membership, but it also defines the objectives of the team
for the diagnosis.

In some of the case studies, the USAID mission involved the intended
team leader at an early stage. This was especially true for the sector
reviews and the project design papers. The team leaders were also able
to choose the individual team members from guidelines given by the mis-
sfon. This involvement of team members in the pre-diagnosis process
could be interpreted as part of the preparatory team meeting to define
roles. However, this involvement goes beyond the definition of roles.
It defines the scope and time available for the diagnosis. The distinc-
tion between the pre-diagnosis process and the beginning of the process
11sted above can become indistinct. Where the scope of the diagnosis
1s not particulary clear, as in the Kenyan study, it is advisabie to
fnclude experienced team members in the pre-diagnosis process as early
as possible.

A1l of the case studies showed that professionals from the host
government departments were included on the teams. Also, the sector
reviews and the project design papers included representatives from the
USAID mission and local professionals who were not associated with the
government departments. Including government and mission representatives
on a team added authenticity to the team's findings. The inclusion of
Tn=country professionals, whether associated with government depart-
ments or not, greatly facilitated the team's ability to identify and
interview key informants and to access secondary data sources. Their
language capabiiities were also an added asset.

2. Diagnostic Process

To manage and conduct a diagnostic study, the team must plan and
implement a process. This process consists of a number of activities
or phases designed to apply the analytical framework to evaluate irriga-
tion system performance. The process involves team members, farmers
and professionals from different agencies. A general conceptual ization
of the process, including various phases and people to be involved, is
shown in Table 3,

In reviewing the case studies, we found 1t difficult to identify
the methodologies that the various diagnostic teams followed. This is
not to say that definite methodologies were not followed. However, no
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documentation of the process for formulating and applying the methodol ogy
was provided. We recommend that in future studies, an effort is made

to formulate the diagnostic methodology in team planning meetings and
that the team document their methodology.

Table 3. Conceptualization of the process for applying the analytical
framework in an frrigation system diagnosis (adapted from
Clyma and Lowdermilk, 1988).

Involvement
Donor Agency Host Country
Phase Team Officials Officials Farmers
1. Initial Planning
Entry meetings * * *
Objectives of study * * *
Scope of study * * *
Roles and respon-
sibility *
Formulation of
methodology * * *
2. Reconnaissance study
Initial findings * *
Replanning for
detailed field
study *
3. Detailed field study
Sample selection * *
Data collection * *
Analysis of data * *
Findings * * * *
4. Formulation of im-
provement strategies ¥ * * *
5. Plans for implemen-
tation * * *

The team planning meetings are important for all the team members
to understand and agree upon the study objectives and scope of the study.
This understanding should involve donor agency and host country profes-
sfonals. Almost all six diagnostic studies had detailed meetings with
donor agency officials and host country officials at national, regional,
and local levels.
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In initial team planning meetings it is also important to be clear
about the roles and responsibilities of various team members. From the
review of case studies i1t appears that various team members assumed
certain roles based on their academic expertise. To ensure an interdis-
ciplinary diagnosis of the irrigation system, it is essential that the
role of each team member should be discussed and defined in the team
planning meetings in accordance with the objectives of the study.

After formulating their diagnostic methodology, the team should
conduct a reconnaissance study. The purpose of this phase is to collect
information that confirms or rejects the initial hypotheses, or suggests
additional hypotheses. The resulting hypotheses will be accepted or
rejected based on the data collected during the detailed study. For
example, the team initially hypothesizes that some farmers are 11legally
obtaining water from the delivery system (taking water at a place or
time not sanctioned by system managers). The team identifies possible
causes and effects to investigate during the detailed study. One possible
cause the team identifies is that construction changes varying from the
system design have caused some farmers to lose access to canal water.
During the detailed study, tihe team will determine the relaticnship
between this and other possible causes and farmers taking water 111egally
from the system.

Also during this phase, the team can identify performance parameters
and variables to be measured during the detailed study. The main sources
for obtaining the necessary information during the rsccnnaissance study
are interviews with key officials and farmers, field observations by
the team members, and surveying the existing 1iterature. Based on the
findings of the reconnaissance study, the team plans the detailed study
and data collection.

In the detailed study, the team applies the analytical framework
for the purpose of evaluating irrigation system performance. The team
members collect data regarding various performance parameters by measuring
appropriate variables. Identifying the correct performance indicators
and variables is critical to the success <f this phase. To a large
degree, the success of the detailed study depends on the effective in-
volvement of local officials and farmers, and the quality of information
from the previous two phases of the diagnostic process. Also during
this phase, as with the other phases, the team members must constantly
share information with each other to continue the interdisciplinary
analysis.,

The analysis of data and synthesis of results is primarily done by
the team members, but it is good practice to check the findings before
making final recommendations. The project design study in Indonesia
(Walker and Coward, 1984), the Nepal rapid appraisals (Laitos et al.,
1986), and the Kenya sector review (Coward et al., 1986) consulted with
local officials and farmers before making their final recommendations.
An effective way to accomplish this is to hold a one-day seminar at the
end of the detailed field study. The participants can be officials
Trom various government agencies, donor agency officials, selected farm-
ers, and team members.
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This short seminar at the end of the field study 1s reported to be
helpful in {identifying strategies for improving irrigation systen perfor-
mance. These improvement strategies can then be critically analyzed by
the team members, along with some key officials from the donor agency

and host country agencies.
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V. FINDINGS AND RECOMMENDATIONS

In this chapter of the paper we summarizs our major findings and
give recommendations for future irrigation system diagnostic studies.

A structured process for undertaking an irrigation system dfagnosis
need~ to be clearly agreed upon by the interdisciplinary team at the
outset, Most study results suggest that some areas of frrigation system
dtagnosis were considered by individuals on a team, but were not clearly
a part of the team effort. The team whose members understand and agree
upon the diagnostic methodology to use will reap several benefits:
consensus on the direction the diagnosis should take at all stages,
better understanding of the individual team members' roles, an improved
Interdisciplinary diagnosis of the system, a stronger and clearer report,
and a record of a repeatable logic.

This study presented a reference methodology that can be used to
select or formulate methodologies for irrigation system diagnosis. The
reference methodology can itself be used as a diagnostic methodology to
evaluate irrigation systems. The analytical framework for the reference
methodology is to define system objectives, measure actual system per-
formance and compare it with the desired performance, identify factors
contributing to low performance, and then 1dentify the factors most in
need of improvement. A suggested process for applying the analytical
framework was given.

An irrigation system diagnosis should be approached with the view
that the overall goal of irrigation schemes is to improve farmer welfare
through increased agricultural production. The goal of improving farmer
welfare can be achieved {f schemes are managed according to a set of
objectives. The general management objectives are water control, agricul-
tural productivity, resource conservation, and return on investment.

These management objectives must be achieved within the context of ef fec-
tive organizational coordination and farmer participation. All these
objectives are essential for obtaining and sustaining the overall goal

of improved farmer welfarse.

After identification of goals and management objectives, the diag-
nosis should analyze the system performance to see whether the objectives
are achifeved. This can be done by comparing the actual system performance
with the desired system performance. Often, the desired level of system
performance is derived from the management objectives.

To evaluate actual and desired system performance, the ifrrigation
systems diagnosis must identify performance parameters which, when mea-
sured, can describe whether or not the system is achleving the management
objectives. If the objectives are not achieved, the diagnosis should
1dentify factors that contribute to low performance. Strategies can
then be formulated and implemented to remove these contributing factors
to improve system performance.
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Most of the constraints to improved irrigation system performance
mentioned 1n the WMS II case studies are organizational 1in nature.
Some examples are inappropriate management of the organizational rela-
tionship between farmers and the agencies serving irrigated agriculture,
Tack of coordination between the agencies, and lack of effective farmer
participation in the management of irrigation systems. Some studies
mentioned constraints of a physical nature, such as poor state of the
control structures, lack of measuring structures in the del ivery system,
and 1nadequate technical abilities of the irrigation department engineers.

To apply the analytical framework in 2 particular Treioation system
diagnosis, the team needs to agree upon a process or a set of activities.
The process should begin with team planning meetings to understand the
study objectives, formulate their methodology, and assign roles and
resporsibilities. This planning phase is then followed by a reconnais-
sance study of the irrigation system. The information collected from
the reconnaissance study should be used to plan the detailed field study.
Involvement of local officials and farmers is essential for correct
1dentification and measurement of performance indicators and variables.

From the experiences of WMS II diagnostic studies, it is recommended
that the team hold a short seminar (one-day duration) at the end of the
field study phase. The participants of the seminar may include key
officials from the gcvernment agencies and fammers. The purpose of the
seminar 1s to discuss and analyze the major findings of the field study
with the participants before making final recommendations.
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APPENDIX A

WATERING THE SHAMBA: CURRENT PUBLIC AND PRIVATE SECTOR
ACTIVITIES FOR SMALL~SCALE IRRIGATION DEVELOPMENT IN KENYA
¥MS REPORT 40

OBJECTIVES

The team identified the Government of Kenya (GOK) national objective,
or overall goal, as being to increase agricultural production. The system
(or sector) objectives for small-scale irrigation were those defined by
the Irrigation and Drainage Branch (IDB) of the Ministry of Agriculture
and Livestock Development, which is the public entity charged with small-
scale irrigation development. These objectives were 1dentified by the
team to be the following: keep the cost of Trrigation development to an
absolute minimum through low-cost technology and farmer involvement,
involve farmers in planning and constructing "their" systems, emphasize
the organization of farmers into water users' associations, 1imit the
agency's role to technical design and construction.

Comparing the system objectives with the key management objectives
discussed in the procedure for this study (p. 12), we see that farmer
involvement was heavily emphasized by the government institution. None
of the other four key objectives were directly addressed as objectives
of the govermment.

The team objectives were stated 1n the report as being to:

¥ Analyze experiences of GOK, donors, non-government agencies, and
Tocal entities 1n the design, operation, and management of small-
scale irrigation schemes 1n Kenya.

* Assess econamic viability of small-scale irrigation schemes 1in
Kenya.

* Develop guidelines and recommendations for USAID.
* Recommend areas and mechanisms for USAID.

The team gave economic aspects of small-scale irrigation development
as one of their objectives, which corresponds to the generic management
objective of "positive return on investment." Although not stated as
objectives, the team does addrsss the objectives of increased production
and water control.

From analyzing this report, we conclude that explicitly, by implica-
tion 1n their methodology, or by consideration of the system objectives,
the team considered all of the key management objectives with the excep-
tion of resource conservation. In discussions with team members we
were told that resource conservation was considered by the team. How-
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ever, the relative importance given to each objective 1s unclear and
whether each team member was aware of all the objectives or not is uncer-

tain.

This team apparently addressed each of the key objectives at some
point in their diagnosis, but whether or not they examined them as i
team 1s unclear. Also, it is not clear how the team compared the dif-
ferent objectives of the different role players with the overall objec-
tives for the system.

PERFORMANCE
Water Control

The team used the performance indicator of reliability in the main
system to evaluate thase small-scale irrigation schemes. This indicator
was applied to the divaersion structures on the rivers. The team also
applied the indicator of equity to main system and on-farm delivery.
Adequacy was addressed by the engineer when he assessed the "water use
efficiency" of the on-farm application system.

It was Interesting to note that the individual water control perfor-
mance indicators identified in the framework were applied to different
subsystems. The adequacy indicator was measured at field level and was
then used to assess the main system. Equity was assessed by the delivery
to groups and to individual farmers,

Reliabil1ty was measured by using the 1ikelihood of the diversion
structure failing as the performance variable. Equity was assessed by
detemmining the users' emphasis on equity, the existence of water users
organizations, and the existence of control structures at different levels
In the schemes. Therefore, equity was measured indirectly by asking
the users and by observing the existence of physical structure to imgle-
ment equitable water distribution. This would be expected where the
team was spending only a few hours at each scheme.

"Water use efficiency," the term used in this report, was assessed
by observing the field application systems. For example, the team ob-
served small basins with furrows and ridges in one scheme where vege-
tables were grown. This suggested to the team that the farmers were
using water efficliently. Also, the team noted the relative importance
of the crops grown. This variable could be used to measure the water
control available to the farmers, assuming that crops of high value
require greater water control. However, crops grown could also be af-
fected by factors other than water control. The report comments that
avallability of other inputs, such as labor, may be the constraint. This
demonstrates that certain variables that the team used as performance
Indicators may need further investigation before final conclusions can
be made.

Again, the above variables are indirect measurements of performance.
Because the measure is indirect, the probability that the factors are
interrelated are increases.
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Productivity of Agriculture

The discussion of agricultural productivity was 1imited in this
report. The only performance indicators addressed were the value of
the different crops and their relative importance in the whole farming
system,

By implication, it appears that the team used the market value of
crops as a performance variable. Also, they must have used the farmers
perception of the relative importance of crops. The team mentions the
Tnadequate data available concerning the farming systems and the outputs.
With 1imited existing data and 1imited time available for field visits,
1t was necessary for the team to use indirect measurements to establish

scheme performance.
Resource Conservation

Resource conservation was not directly addressed in the report.
However, erosion on the river beds and sedimentation in the irrigation
systems were two performance indicators discusced 1n reference to water
control. Fertility and waterlogging were also discussed.

Sediment load 1n the rivers was a performance variable addressed
in the report. Wateriogging and erosion (performance variables) were
observed by the team members. Note that performance indicators and
performance variables, as defined in this study, can be the same thing.
This happens when performance indicators can be directly measured.

Return on Investment

The team used the performance indicators of economic and financial
viability and applied them to the goverrment, the small-scale irrigation
sector, existing schemes, farmer cooperatives, and individual farmers.
These indicators were also applied to the private sector concerned with
small-scale irrigation.

Some of the data reported were rural incomes (with and without 1rri-
gation), potential for increased production, projected rates for irriga-
tion development, required inputs, and market availability. These vari-
ables were applied at government, sector, scheme, water users organiza-
tion, farmer cooperative, or farmer level. These data were used to
assess inputs to and outputs from various Tevels of the sector. Because
of the general nature of the information provided in the report, it was
difficult to separate specific variables. The 1isted data were drawn
from throughout the report and are not a complete 1ist of the variables
used by the economist on the team to assess the return on {nvestment.

Effective Organization and Coordination

Ierigation and Drainage Branch (DB). The IDB is within the agricul-
tural department. There is also an irrigation department within the

Department of Natural Resources, but it is concerned with larger schemes,
Therefore, IDB was considered to be the irrigation department in this
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case, as 1t is the organization concerned with developing small-scale
irrigation within the country.

The team considered the following performance indicators fdenti-
fied in the reference framework: farmer involvement, technical ability,
organizational coordination, and system management objectives attained.
Being a sector review it is logical that the team consider the main
government department concerned with this sector.

To assess the coordination between various organizations, and the
coordination and technical abflity within these organizations, the team
used the following variables: relationship between the farmers and the
irrigation department, education levels of the irrigation department
staff, department experience with irrigation, appropriateness of develop-
ment targets, rate of development, and roles of professional staff in
small-scale frrigation development. Most of these variables were measured
indirectly, using interviews with different key informants in the sector.

Agricultural department. The local representatives for the irriga-

tion departmert are Tocated 1n the district agricultural offices. The
role of the agricultural department appears to be carried out by the irri-
gation department personnel. From the report and discussions with team
members, it appears that the team looked at extension. However, the
Indicators applied were unclear. They did note that the Jack of organi-
zational coordination between the different agencies was a major con-
straint caused an inefficient use of staff, and that the Jack of qual i-
fied personnel caused a low development rate in small-scale irrigation.
This suggests that the team looked at the performance indicator of techni-
cal competence within the agricultural department.

Planning and development. The team did address the national plan
for small-scale irrigation system development. The performance indicator
used here was the rate of small-scale irrigation development by the
IDB. The variable concerned with this would be the 1and area in small
scale irrigation schemes,

Private sector. The team assessed the "agribusiness 11nkages".
These were the private sector's ability to provide the required services
for small-scale irrigation development. These services included crop
marketing, equipment supply, fertilizers, credit facilities, and seeds.
From the report it appears that the performance indicators considered
were the technicai ability of the private sector, its coordination with
the other organizations involved - particularly the farmer cooperatives =-
and the needed coordination achieved.

It is interesting to note that some of the areas considered for
assessing the performance of the private sector are the same as those
considered for the "return on investment" objective.. This would be logi-
cal, as the outputs from the private sector become inputs for the return
on investment.

Barmer organizations. The farmer organizations considered by this

team are the water users organizations (WUOs) and the farmer cooparctives,
which were within the organizational structure of the WUOs. The perfor-
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mance {ndlcators that appear to have been applied to the WUOs and the
farmer cooperatives were farmer {nvolvement, technical ability, organiza-
tional coordination, management objectives attained, and needed coordi-
natfon achieved. The team analyzed at these farmer organizations 1n
depth.

The performance variable used for farmer involvement was the farmers!
presence 1n the organizational structure of the WUOs. Performance vari-
ables used for organizational coordination were water allocation proce-
dures, maintenance arrangements, financial management, legislation,
discipline and enforcement, and resolution of conflicts.

DESIRED PERFORMANCE

The only reference made to desired performance in the report was
the rate of development of small-scale irrigation, which was estimated
from the 1imited data available and a "conservative" estimate of what
1t should be. It may be because the team relied on experience that
they did not discuss explicit values for desired performance.

CONSTRAINTS

Of the constraints 1dentified by the team, most related to the key
management objective of effective organization and coordination. The
main constraints i1dentified were the lack of a national plan for small-
scale 1rrigation development, lack of professional manpower in the {rri-
gation department, poor funding to public agencies, poor credit facilities
available to the private sector, WUOs not able to deal with the new
developments in their schemes, slow rate of development, and poor train-
ing.

There were a few constraints identified that do not tie into the
previously defined-performance indicators. These constraints are those
which related to the 1imftations of the diagnosis rather than the system.
For example, the report mentions a lack of data on the farming systems
Tnvolved. This 1imited the team when trying to evaluate the system, but
does not necessarily 1imit the system itself.

The report identified a lack of research and unresolved 1and issues
as constraints to small-scale irrigation development. These do not follow
from the performance variables considered above. However, by implication,
1t appears the team did consider land tenure and research as performance
Tndicators. Land tenure could come under the key objective of effective
organization and coordination. Researzh could be considered a part of
the sector's technical ability. That is, it would also come under the
key objective of effective organization and coordination. However,
fitting the key logic to such levels in the system is probably not produc-
tive at this stage.

RECOMMENDATIONS
The recommendations given by the team were at two levels. Indi-

vidual chapters gave. recommendations on how to relieve the constraints
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identified in that chapter and the executive summary gave recommendations
for the USAID Mission.

Training farmer leaders and securing land rights are two examples
of the recommendations given in each chapter. These recommendations
followed from the constraints identified by the team, which in this
example were the WUOs' inability to deal with new developments and the
unresolved land issues, respectively. This and the discssion on how the
team appeared to arrive at the constraints demonstrates the teams use
of a methodological approach to arriving at their recommendations.
However, one recommendation in the individual chapters did not appear
to fit the methodological structure, that of developing "multifaceted
strategies for clan-based systems," which was essentially improvement
of the supporting infrastructure for subsistence irrigation systems,
This recommendation did not appear to follow from any of the constraints
identified by the team.

The five recommendations given in the summary were for implementing
a small-scale irrigation intervention sirategy, and appeared to follow
from the constraints identified. For example, the recommendation that
the Mission make additional funds available to the Govermment of Kenya
for small~scale irrigation development fits with the identified con-
straint of scarce public funds. However, Qne recommendation that was
not supported by previously identified constraints, was that the USAID
Mission assist the IDB in designing and testing a pump program for small-
scale irrigation development. The information collected did not support
this recommendation.
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APPENDIX B

RAPID APPRAISAL OF NEPAL IRRIGATION SYSTEMS
WMS REPORT 43

OBJECTIVES

This diagnosis comprised separate rapid appraisals conducted on 17
irrigation schemes in Nepal. These schemes included ten farmer-managed
sites, six government managed (DIHM), and one "hybrid."

The team objectives were to provide the USAID Mission and His Ma-
Jesty's Government of Nepal (HMG) with relevant information on potential
target sites for the Irrigation Management Procedures (IMP) Project.
This information would be used to select the sites for the project.

The objective of the Irrigation Management Procedures (IMP) Project
1n Nepal, as identified by the team, was to determine what lessons can
be learned from farmer~managed schemes to aid in the management of govern=-
ment-managed schemes. The implication was that farmer-managed schemes
are doing better organizationally. This discussion of objective suggests
that organization and coordination were considered in this report.

The team 1isted seven criteria they used to select sites for diag-
nosis. Three of these criteria were control of water source, potential
for expanding command area and cropping intensity, and potential for
increased crop production. From this 1ist, we deduced that the team
considered the management objectives of water control and productivity
of agriculture,

For this study, where we are interested in the methodology used by
the team, it 1s unnecessary to examine each rapid appraisal in detai].
By examining two of the rapid appraisals (one farmer managed and one
DIHM managed) in detail and using information from the others we were
able to identify the methodology used for the site visits. The team
produced a report on each scheme visited. As it was the same team con-
ducting each diagnosis, a similar methodology was assumed to be used in
each case. If a major step in the methodolegy was missing from one diag-
nosis but not others, then it could be implied that the team did not
consider 1t important for this particular scheme. However, if excluded
from all rapid apprafsals, then it could be argued that the team over-
looked this particular part of the performance assessment.

The team appeared to consider, both directly and by implication,
four of the five key management objectives. The objective not covered
in the team's general overview was the conservation of resources. How-
ever, this objective appears to have been considered by the team when
Tooking at individual schemes. This wil1 be discussed below.
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PERFORMANCE
Water Control

Adequacy was a performance indicator considered by the team. It
was applied at field level where the team used the water needs of the
crops grown as the desirad performance and an estimate of the water
available to the crops as performmance indicator. The field application
practices were observed in order to estimate the performance variable
of water applied. Adequacy was also determined at farm level with the
farmers perception of adequacy used as the performance variable. The
desired performance in this case would be farmers satisfaction with
adequacy. Adequacy was also applied at the system level where the team
examined the adequacy of the available water in the reservoir and adequacy
of the main canal to deliver the required water. The desired perfor-
mance was an estimate of fthe temporal and spacial water needs of the
crops. The variables used were the cropped area, the consumptive use
of the crops with time, estimated efficiency of the system, estimate of
the canal capacity, and an estimate of the reservoir capacity over the
year, The team obsarved excessive water being applied to the fields
and water being allowed to spill from the distribution channels back
Tnto the river. These wers used as performance variables relating to
more than adequate water supplies in parts of the system.

Adequacy was used in terms of the original design by this team. To
describe it as a performance indicator could cause confusion. It is a
measure of the desired performance of the original design. It could
also be a measure of the technical competence of the irrigation depart-
ment, but 1t does not appear to be the case in this diagnosis. It could
be interpreted as an 1nput variable used to determine the constraints
on the necessary water control. Whatever the case, the information is
of a qualitative nature which depends on the observations and experience
of the team members.

The team asked farmers and government officials whether the scheme
was equitable or not. These were performance variables relating to the
performance indicator of equity. We can imply from this that equity was
considered at farm (impressions of the farmers) and system level (impres-
sfons of the government officials). The team also used the observed
water wastage {n certain distribution channels and fieids to compare
with the observed inadequate supplies at other locations. The performance
variables are the water use, volume delivered to fields, and volume
delivered to delivery channels. In this case the desired performance
would have been equal water delivered. From this we can see that equity
was applied at the farmm, the field channel and the distributary level.

The performance indicator of reliability is also applied by the
team, They used the variables of farmers! perception of reliability and
the cropping patterns to assess this. The desired performance for the
cropping patterns was the crops the design supply was intended for.
That {s, if a particular field was supposed to get enough water to produce
paddy yet the farmer was growing wheat, then this was taken as a measure
of unreliable water supply. The desired performance for farmer percep-
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tion of reliability would have been the farmers being satisfied with
the reliability of supply.

From the above fparagraph we can see that relfability was applied
by the team at the farm level. However, this ir.ormation was also as-
sessed at field channel and distributary level.

Productivity of Agriculture

Yield data and farmer reports were available at government managed
schemes. It appears that yield was used as a performance indicator at
the scheme level where the team examined the yields from different varie-
ties. The desired performance was the higher yielding varieties in the
system extrapolated over the whole system. Tha variables were the yields
at farm level and the cropped area.

The spacial variation of yield was also used as an indirect measure
of the equity of water supply in the water control objective. This makes
yleld a difficult term to define in the key logic, in this case. It is
a performance indicator at the scheme level, which is measured by taking
the yields at farm level. It can, therefore, considered as a variable
as well. Also, it is an indirect measure, or variable, for the equity
indicator. These different definitions of the one term may cause confu-
sfon. It is interesting to note that this multi-use of data appears to
become less common as the measuring intensity increases. That is, where
the teams have more time to directly measure performance variables,
such as in the case of the diagnostic analysis workshops, the variables
become more specific to one indicator.

Cropping intensities was another performance indicator used by the
team, The relevant variables were crops grown and cropping patterns.
It appear that the desired performance was the highest intensity identi-
fied within the scheme.

The area under irrigation was an important performance indicator
fn this afagnosis. The team appears to have used the area cropped before
government {ntervention as a measure of the desired performance. The
main variable appears to be the irrigated areas reported by the farmers.
This could also be used to assess the technical ability of the irrigation
department in their intervention strategies. Whether or not this was
the case is not apparent in the report, however, it is worth noting
that the necessary data to make performance assessments of the frrigation
department was being collected for other purposes.

When considering the objective of productivity of agriculture it
1s striking that the team gives what appears to be minor consideration
to the performance indicator of cropped area as this was a major goal
of the IMP piroject.

Resource Conservation

The performance indicator of erosion was examined by the team 1in
relation to the main system canal. Here the team noted that the estimated
canal flow velocity was too fast for long term stability of the canal.
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The desired performance was taken as one meter per second and the perf-
ormance variable was the estimated velocity of flow.

Erosion was also considered in terms of landslides. The desired
performance was the absence of landslides, and the variables were the
physical evidence that landslides had occurred and reports from key
informants that landslides occurred.

Degradation of the physical system was used in the context of a
performance indicator by this team. Assuming that the physical structures
are a resource that the system needs to conserve then this comes under
resource conservation, The desired performance used by the team appears
to be the original design. The variables used were signs of deterioration
of structures, adjustable compcnents state of repair, and visible signs
of excessive canal seepage. In this study the "measurements" were qual-
itative and related to the whole system, In the case of the farmer
managed scheme much of the main system comprised natural sti'eam beds
and the source was a naturally occurring spring. Therefore, the term
"original design" is not appropriate for the whole system. The team
can sti11 consider the components of the system that were installed by
the farmers to improve control. This indicator would also have to con-
sider the adequacy of the original desigr in order to decide when a
structure was a resource or maybe even a hindrance to water control.

The adequacy of the original design 1s discussed under the water control
objective.

The team also examined the indicator of fertility. It 1s unclear
what variables they used to assess this., Constraints were identified as
lack of manuring practices and the loss of fertilizer due to high rates
of percolation.

Deep percolation at field level and canal seepage/spillage within
the main system are two other resource conservation performance indicators
considered by the team. The variables used for deep percolation were
water supplied to the field and water required in the field according
to the DIHM estimates. The desired performance would have been minimal
deep percolation. The variables used for canal seepage were water losses
along lengths of canal and observed evidence of waterlogging due to
canal seepage. Spillage was also assessed by observation.

Another resource conservation issue identified by the team was the
loss of land due to the expanded capacity of the reservoir., The reservoir
already had the extra capacity but 1t had not been used as 250 ha of
land would be lost. This land 1s the constraint to improved water sup-
plies and appears to have been identified through the water control
objective rather than resource conservation. It must relate to the
performance indicator of adequacy.

Return on Investment

This objective was not covered in the report and does not appear
to have been considered by the team.
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Effective Organization and Coordination

Irrigation Department (DIHM). On the farmer managed schemes
there 1s no input by the DIHM, therefore, the following discussion is
concerned with the DIHM managed schemes.

The team appeared to only consider the role of the DIHM in operation
and maintenance of the irrigation scheme. Little if any references were
made to the design and construction role of the DIHM,

A performance indicator used by the team was the ability of the
DIHM's represertatives to uperate the system. [What was the performance
indicator]. The desircd performance were the specified roles of the
DIHM representatives. The variables concerned appear to be the farmers!'
perception of what the DIHM representatives actually did and the state
of repalir of the system. The DIHM representative: were concerned with
the control of water within the branch canal and this is where the team
looks at DIHM {nvolvement in the scheme.

The team also assessed the performance indicator of inter organiza-
tional coordination where they assessed the coordination between the
DIHM and the farmers. The variable used was the presence of conflicts
and the desired performance was the absence of conflicts. The informa-
tion was collected by interviewing both parties. In the particular scheme
we are considering the team did not report the existence of meetings
between farmers and DIHM representatives. However, it appears that this
may have been excluded from the report because the meetings did not
occur on this scheme due to the lack of water users! associations.
Looking at reports from other schemes the team have implied the existence
of these meetings. It appears that meetings betwecen farmers and DIHM was
used as a performance variable to assess the coordination between the
two organizations.

Agricultural Department. The indicators of interorganizational

coordination and farmer involvement were both assessed using the existence
of meetings between the two parties as a performance variable. The

team also used the avallability of agricultural information to the farm=-
ers, relevance of on-going research, and technical services available

to assess the technicail abil1ty of the department. Although not clear

in the report these variables could also be used to assess the coordina-
tion between the two organizations.

Private Sector. The team appear to consider farmer involvement,
organizational coordination, and technical ab111ty as performance {ndi-
cator. The variable used to assess each of these indicators was avail-
abi11ty or inputs. Perhaps in this case it would be more logical to
consider availability of inputs as a broad performance indicator relating
to the private sector rather than express the team's results in terms
of the framework. The variables the team used to assess this indicator
are unclear as the inputs considered are not discussed in the report.

Farmer Organization. As h=s been discussed above the first

indicator for farmer organizations ' as do they exist and 1f they do how
effective were they. In terms of .ne framework this covers the farmer
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involvement, technical ability, and organizational coordination. The
technical ability and organizational coordination are more or less the
same thing. The variables used to assess this broad indicator were
present existence of ¥WUOs, historical presence of WUOs (before government
intervention), presence of conflicts between head and tail farmers,
presence of conflicts between farmers and DIHM, intensity of conflicts,
farmer identification with scheme, presence of written rules and regula-
tions, farmer involvement in maintenance, and water allocation and distri-
bution.

The team obviously have some concept of the desired objectives of
the water users associations. It is not clear whether they examine the
presence of these objectives within the organizations. It 1s also not
clear whether the desired objectives were examined as to their suitability
to fit in with the DIHM objectives. The DIHM objectives did not appear
to have been explicitly stated by the team.

In all of the organizational assessments, the presence of conflicts
between the different role players is used as a performance variable.
This could be an 1ndirect measure of the organizations and a performance
indicator that the team would be looking for during the reconnaissance.

CONSTRAINTS
The team identified constraints on the government system as:

- high soil percolation rates resulting in high water demand
and low fertilizer use,

~ farmers live in town and view farming as a sideline,

= uncontrolled water flow from branch to field because of weak
DIHM management and lack of control structures throughout the

- scheme, :

- outlets in the scheme are in very poor condition,

- agricultural production is not up to expectation,

- no effective farmer organizations are established in the area,
and

- uncontrolled animal grazing and potential extensive hail damage
prevents farmers from growing wheat.

The constraint of high percolation rates fits in with the adequacy
performance indicator of the water control management objective that
was appliod at field level by the team.

The absentee farmer constraint does not fit in well with the struc-
ture identified above. The team must have used the variables of size of
holdings, ownership, residency of farmers, and relevant importance of
agriculture 1n the household. Al1 these variables were addressed in the
report, but it is difficult to identify what the performance indicator
may have been and what management cbjective this would come under. This
observation is not necessarily a 1imitation of the diagnosis. It {is
more 11kely either a Timitation of our interpretation or a limitation
of the reference framework we are using.
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The uncontrolled water constraint follows logically from the equity,
adequacy, and reliability performance indicators applied at the scheme
and branch canal levels. The poor conditicn of the outlets follows
from the resource conservation management objective where the team used
a performance indicator of degradation which was assessed in part by
the deterioration of structures.

The constraint of low agricultural production jevels suggests that
the team considered performance indicators of cropping intensity, cropped
area, irrigated area, area under irrigation and yield variation within
the scheme. However, it could be interpreted from this constraint that
the ylelds were Tow throughout the scheme. Yet the team appear to use
the higher yields within the scheme as the desired performance. This
suggests that the team considered the agricultural production at some
farms as good. It may have been useful for the team to qualify this
constraint.

The constraint of effective farmer organization comes from the
effective organization and management objectives. In particular the
variables of: do farmer organization exist, conflicts, and technical
ability would have 1dentified this constraint. However, the team did
Tdentify the existence of farmer organizations concerned with agricul tural
activities other than water supply. The team described these organiza-
tions as effective. It may have been more correct to describe the con-
straint as lack of effective water users' organizations rather than the
more general term of farmer organizations, This is a small point that
would help the clarity of the report.

The animal grazing and hall damage constraints on winter.wheat
production are interesting. The low productivity of wheat would have
been established from thelr assessment of agricultural production. How-
ever, the next step, that is identifying these two constraints are not
easily identified from the key logic. The data concerning other sectors
on the farms, such as Tivestock, and the cliimatic considerations do not
appear readily from the framework. Again, this 1s rot a limitation of
the team methodology but a 1imitation of the key logic or our interpre=-
tation. This serves to that we have yet to Tearn about aspects of diagno-
sis methodologies.
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APPENDIX C

INTERDISCIPLINARY DIAGNOSTIC ANALYSIS CF AND WORKPLAN FOR
DAHOD TANK IRRIGATION PROJECT, INDIA
WMS REPORT 25

OBJECTIVES

The report noted that the Government of India was attempting to
increase food production and that previous attempts had increased the
amount of agricultural land under irrigation. This implies that the
Government of India had a goal similar to the one considered in this
study.

The team stated that the objectives of the diagnosis were to diagnose
the constraints in existing irrigation schemes so that previous design,
construction, or management problems would not occur in new schemes,
and improve the cperation of an existing scheme. From this we can con-
Clude that the team were interested in examining the management of an
frrigation scheme and should cover the same ground as the key management
objectives described in this study. Although these points were not
introduced in the teams description of their procedure the key objectives
were raised when discussing the constraints of the scheme. Also, through-
out the report when the team was assessing the scheme they made many
references to performance criterion that implied these key management
objectives,

PERFORMANCE
Nater control:

The team considered the performance of field application systems
using the terms adequacy, efficiency, and uniformity. These correspond
to the performance indicators of equity and adequacy at the field level.
Data collected by the team included inflow, outflow, advance and reces-
slon, infiltration rate, soil moisture and topographical surveys of
fields under consideration., These data are variables used to assess the
performance indicators above. Most of these variables are concerned
with the output from the farmer's attempts to control the water during
fielc application. However, some are inputs that the farmer has 1ittle
or no control over, such as the inflow to his farm and the infiltration
rate. The desired performance would be established by the team members
as that which could be achieved given these inputs.

As the team applied the field assessment to fields at the head,
middle and tail of the minors, they were also considering the equity
and adequacy fndicators at other levels within the scheme. The variables
used were the flows into the fields, flows into the watercourses and
the flows into the minor canals. It is implied that the irrigated area
1s also used as a variable when assessing equity.
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The team noted the lack of drainage facilities both in the system
and on-farm, This implies the team considered the adequacy of the on-
farm and main drainage removal system. They also examined the spacial
distribution of drainage facilities which is a measure of the equity of
water removal over the scheme.

The team considered the command area of the irrigation system.
They measured the water level in full canals and watercourses to assess
where the system could apply water to. The desired performance was the
designed command. The performance indicator was the actual command
using the variable of elevation of the full water level. This indicator
dces not appear to fit into the reference framework we have been con-
sidering.

The team also consider irrigated area is a performance indicator.
The potential area appears tc be the actual command area of the system,
This indicator could be considered as part of the productivity of agri-
culture, although there 1s room for argument against this.

Rel1abi11ty of water supply was also assessed over the system using
the investments in inputs as the variable, particularly the quantity of
fertilizer used. The team's logir was that the farmers with more reliable
water supply would risk the increa.ed investment in more fertilizer.
Cropping patterns was a further variable used to assess the reliability
of water supply at the farm level. Those with more intensive patterns,
particularly those with irrigated crops, were considered to have more
reliable water. Another varfable used was the varieties of crops used,
Where farmers used dry land varieties on irrigated land, the team sus-
pected unreliable water supply.

Productivity of Agriculture

The team began by examining the performance of irrigated agriculture
at the National Tevel over recent years. The indicator used was net
return on crops. The variables would have been average inputs and prices
for particular crops. There does not appear to have been a desired
performance as such except that &n improvement was considered good,

They also examined the performance of irrigated agriculture at the State
level. The indicator used was irrigated area. The desired performance
for irrigated area was the area that had been provided with irrigation
facilities. The variable was the area actually irrigated.

The team implied the consideration of yield from irrigated agricul-
ture as a performance indicator at the State level. The variables used
were area irrigated and the average yields. The absence of a recorded
desired performance suggests that the team judges the State production
on their experience of what it should be.

At the minor level the team used the performance indicators of
cropping intensities, cropping rotations and cropping patterns. Intensity
indicator was described in terms of a percentage of the potential cropped
area in each season. The variables involved are the areas cropped in
each season and the areas that could have been cropped. These correspond
to the desired and actual performance.
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The crop rotation indicator has already been introduced under the
water control objective where it was used as a variable for reliability.
However, crop rotation was also considered by the team as a performance
Indicator concerning the productivity of agriculture. The desired per-
formance was the more intensive crop rotation used in the system, which
was wheat-paddy. In this case the indicator could be measured from
records and farmer interviews,

The use of yield 1n this diagnosis is difficult to define in terms
of the reference framework we are using in this study. It is used as a
performance variable where it is used to assess variability of yield,
whicn 1n turn is used to indirectly assess equity of water distribution
withii the system. Yield is also used as a variable for other such
Trdicators. However, it appears that the team did not use the yleld
records to directly measure the performance indicator of yleld. The
team conducted plant and tiller counts throughout the system. These
variables can be used to estimate the yields expected from the farms
and the system. This demonstrates that certain data, such as yield,
can be used in different ways to assess the performance of a system.
Also, the performance indicator of yield can be assessed in different
ways, such as the indirect measurements made by this team.

The team appear to have used crop condition as a performance in-
dicator. They conducted plant tissue analysis in fields at the head,
middle and lower reaches of the minors in order to establish the nutrition
of the plant. Aithough not stated, this variable could also have been
used when considering the resource conservation indicator of fertility.
They also conducted random plant population and tiller counts over the
same fields, and visual inspections of each field in the minors for
pests or other crop damage. These variables imply the consideration of
crop condition and i1ts spactal variability.

Resource Conservation

As was mentioned 1n the paragraph above, the team may have considered
fertility of the soil within the scheme. There appears to be no other
mention of 1t 1n the report apart from the nutrition analysis of the
crops.

The team examined the state of the scheme. Surveys of the existing
system, and measurements of the canal and channel cross-sections were
the variables used to compare the original design, which was the desired
performance for this indicator. This could also be assessing a main=-
tenance performance indicator which could be under the effective organi-
zation and coordination in the framework.

Other variables used in assessing the state of the scheme were
seepage from the canals and channels, capability of the canals and chan-
nels to carry the design flow, visual signs of scouring and siltation,
and visual signs of aumage to structures and channeis. These variables
are mainly observational in nature and rely on the experience of the
individuals to define the desired performance, that is their interpre-
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tation of the designed condition of the system, and the actual perfor-
mance.,

Return on Investment

The economic viability for the farmers was a performance 1ndicator
considered by the team. Using fnformation provid:d by sample farmers
from the upper, middles and lcwer reaches of the four minors, the team
determined costs and returns for different crops grown within the scheme.
From these variables the team determined the economics of the different
crop rotations existing within the scheme. The team appeared to use
wheat-paddy as the most economically desirable and, therefore, the desirad
performance at field level,

Effective Organization and Coordination

Irrigation Department. Farmer involvement 1n the design,
operation, maintenance and planning were indicators used by the team.
The variables for these indicators were mainly collected from interviews
with sub-engineers (the irrigation department representative on the
minors) and with farmers. The variables that appear to have been used
were existence of sub-engineer meetings, farmer knowledge of water deli-
very, farmer communication with the sub-engineer, sub-engineer's response
to farmer needs, farmer involvement in the scheme design, responsibility
for operation and maintenance of different levels of the scheme, and
perceived ownership of different parts of the scheme.

The team also assessed the coordination indicator to the relationship
between this department and the Department of Agriculture. The main
variable appears to have been whether the plans of the two departments
considered each others plans. The team also used the interaction between
the sub-engineer and his equivalent in the Agricultural Department as a
variable, :

The team also assessed the coordination within the department. The
main variable was the communication between the staff within the depart-~
ment and between the staff and the farmers. It is unclear how these
variables were measured other than gualitative answers from key infor-
mants.

ral Department. The relationship between this depart-
ment and the irrigation department has already been addressed above.

Technical ability of the extension service was cne performance
indicator the team used. The relevant performance variables were the
communication with farmers (from the farmer and service point-of-view),
follow up by extension, training of the extansion personnel ard the
personnel's view of their own deficiencies. The team did not appear to
have examined the organizational coordination within the department.

Private Sector. The main performance indicator used for the
"private sector" appears to have been the availability of inputs to the
farmers. These inputs Included credit. fertilizers, equipment, etc.
To consider credit within the private sector only may be stretching the
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truth. However, for want of a better way of fitting it into our reference
framew~rk, we will proceed. The reader should note that this is a 1imita-
tion of the framework rather than the methodology used by the team.

The variables used to assess the availability of credit were sources
of credit and quantity available, and interest paid. It 1s implied that
the team used the farmers' perceived credit needs as a desired perfor-
mance. The farmers' perceived needs would also be used for the other
private sector inputs necessary for the system.

It 1s interesting to note that should the recommendations be imple-
mented concerning the removal of constraints the private sector may
have to responded to a greater, or different, demand for inputs. The
desired parformance would then be this new level of farmer needs.

The level of mechanization was a item considered by the team. The
report suggests that this was used as a performance indicator, which
implies that either high or Tow levels of mechanization would be con-
sidered good performance. This 1s not necessarily the case as low mech-
anization can be present where overall performance is good. Level of
mechanization could be an indirect performance variable. The spacial
distribution of this variable could have been used to measure the equity
of credit distribution, risk aversion distribution, etc. The same vari-
able could also be used to measure ability of farmers to accept new
technology. However, with the 1imited information available in the
report 1t 1s impossible to say what this variable was used for. It may
have simply been extra data that were not used in the logic of the diag-
nosis.

Marketing. Like credits this part of the service industry
could be both private and public sector. The indicator used by the
team appears to be accessibility of good markets. The variables used
were price fluctuations and their effect on the farmers' profitability,
Information available to farmers on the potential markets, crop use
(consumption, labor payment or market), farmer control over selling
time, and existence of effective marketing cooperatives.

Eamer Organizations. The variables used by the team relating

to farmer organizations were the existence of such organizations, water
allocation and distribution procedures, social structure, farmer conflict,
information communication, and system maintenance. From this it can be
implied that the team considered performance indicators of ability of
organizations, farmer involvement, and organizational coordination.

. This team closely examined the farming family
as an organization within the irrigation scheme organization. Some of
the variables mentioned were social structure, record keeping, management
practices, perception of production problems, knowledge levels, women's
role 1n activities and decisfon making, household production and decision
making, other uses of water, and impact of irrigation on farming family.
The indicators considered appear to have been relative importance of
frrigated agriculture, and technical ability within the farm family.
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CONSTRAINTS
The major "constraints" identified by the team were:

- lack of equitable and reliable supply of water,

~ 1Improper construction and lack of maintenance,

- no prescribed maintenance schedule,

- need for an operational plan for water distribution,

- lack of water courses,

- significant deviations if field elevations leading to non-
uniform water application,

- lack of surface drainage netwcrk and insufficient cross-drain-
age,

- small flow rates compared to field size,

- lack of effective, organized farm family involvement in system
management,

- absence of agricultural information and training for farm
waomen,

= poor communication breakdown of information between irrigation
officials and farmers, and

- lack of farm record-keeping system.

Some of these constraints follow through the logic of the team's
methodology. For instance the lack of equity and reliable -upply of
water, which comes from the teams detail analysis of water control.
Also the improper construction and lack of maintenance follow from the
teams examination of the adequacy of the present scheme and the present
state of the scheme respectively.

The lack of record keeping by farmers is an example of a constraint
that does not appear to be well supported by the logic of the methodology.
No doubt it was a restriction on the team's diagnosis but it 1s difficult
to see what the performance indicator was that the team assessed to
arrive at this as a constraint for the management of the irrigation
scheme,

RECOMMENDATIONS
The major recommendations given were:

- 1ine main canal and review alignment and capacity of minors
and reconstruct if necessary,

- establish a regular maintenance schedule,

- iInstitute a rotational water distribution schedule,

- build watercourses and drains and promote 1and leveling,

- permit and encourage farmers and farm women to participate 1n
system rehabilitation, maintenance and management,

= encourage farmers to build effective farmer organizations,

- provide agricultural information and training for extension
personnel, farmers, and farm women,

- introduce a farm record keeping system, and evaluate potential
economic impacts of improvement, and

- Improve availability of fertilizers, seeds and credit.
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The recommendations 11ke the constraints appear to follow well
from the apparent methodology applied by the team. The recommendation
to institute a rotational water distribution system does not appear to
be as well supported as 1s implied. It does follow on from the con-
straints above which came from the performance assessment of earlier.
However, 1t appears that the decision to go with a rotational schedule
was pulled out of the air.

The recommendation to 11ine the main canal does not appear to be
Justified from the performance assessment conducted. The land Tevel ing
recommendation also suffers from a lack of supporting evidence.

The recommendation concerning availability of fertilizer, seeds
and credit are interesting. From the review of the report it appsars
that the availability of credit was the only indicator assessed in any
detail.
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APPENDIX D

TRRIGATION SYSTEMS MANAGEMENT PROJECT DESIGN REPORT, SRI LANKA
WMS REPORT 33

OBJECTIVES

The objectives of the Govermment of Sri Lanka (GSL) concerning the
Integrated Management of Major Irrigation Schemes (IMMIS) were identified
by the team as:

=~ no new frrigation schemes,

rehabilitation,

improved water management, and

- recovery of operation and mafntenance costs.

The team objective was to establish the terms of reference of tne
ISM project. The goals of which were identified as:

~ help the GSL expand food production,
- 1ncrease employment opportunities, and
- raise the standard of Tiving for farmers with small holdings.,

Comparing the ISM goals with the "overall goal for irrigated agricul-
ture" discussed in the introduction of this paper we see that the ISM
project addresses the increased food production and farmer welfare. We
can, therefore, conclude that the team began with a goal consistent
with improving irrigated agriculture.

The team does-not directly give the key irrigation management objec~-
tives, which is to be expected. However, the key management objectives
of effective organization and coordination and return on investment are
addressed in the report. By implication, the team also considered produc-
tivity of agriculture. It 1s even aldressed in the ISM project goal of
expanded food producticn. The objective of resource conservation is
implied as the team emphasis the development-deterioration-rehabilitation-
deterioration cycle and their desire to break this cycle. This is a
performance indicator concerning the resource of the physical system.
The team, therefore, considered this key management objective. The team's
consideration of water control 1s implied throughout the report as will
become apparent as we address the performance indicators below.

PERFORMANCE

Much of this report is devoted to the description of the design
of the Irrigation System Management (ISM) project rather than describing
the diagnosis the team went through in order to arrive at
the design. Therefore, much of the performance assessment is implied
trom the recommendations given in the design.
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Water Control

The team used equity as a performance indicator at field channel,
distributary, and main system levels. Using data from schemes next to
those 1n the ISM project the team considered the performance variable
of yleld. The team stated that the inputs were the same throughout the
scheme and that the differences in yield were due to differences in
water delivered. The higher yields within the scheme were used as the
desired performance in the whole scheme for both growing seasons., Im-
proved irrigation management would mean yields in the dry season equiva-
Tent to those in the wet. This assumption could be incorrect, but this
design study was followed by a long term DA in which better data would
be collected.

Equity was also adcressed in the 1ist of "performance indicators”
glven by the team as part of the design. They suggested that, on a weekly
bases, the ISM measure selected farmers access to water in order to
assess equity. By implication the team must have addressed this perfor-
mance indicator 1n their diagnosis.

Relfabi11ty was only addressed in the description of the design
and not in the 1imited description of the diagnosis conducted by the
team. The team suggested "performance indicators" of how well the main
system met target discharges, cbserving and quantifying irrigation deli-
veries throughout the scheme, observing water application, crop water
stress on sample farms, and drainage flow. These are essentially perfor-
mance variables which imply consideration by the team of the relfability
performance indicator in the main system, the distributaries, the farm
delivery, farm application, farm use and removal. The team also recom-
mended monitoring the waste or reuse of drainage water. The reuse of
drainage water {s another subsystem of water control that should be
added to our framework.,

The performance variable of crop water stress 1s not only a measure
for in-field equity, it is a measure of adequacy of water supply to the
fleld. Adequacy fs further implied by the team in their general descrip-
tion of the ISM project design where management is designed ..."to
meet crop water requirements anywhere in the system (scheme)"... Also,
equity 1s considered when the team give one of the ISM objectives as
developing more knowledge so management can employ improved practices
to equitably distribute water and to improve equity in farm income.

From the above we can see that the team has addressed the performance
Indicators of equity, reliability, and adequacy at all levels of the
system. However, the actual performance variables measured or desired
performances were not recorded in the report.

Productivity of Agriculture

The major performance indicator relating to productivity of agricul-
ture that is Implied by the report is variability of yteld. This in=-
dicator was applied to the four Trrigation schemes considered by the
team. The report also implies the consideration of cropping 1ntensity
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both at farm and scheme level, and cropped area at scheme level. Yield
1s also widely used in the report, but in the majority of cases, yield
1s a performance variable used to assess the variability of yield.
Yield is used as a performance indicator at the National level where
the team examires the impact of the project on the Naticnal producticn
levels. Crop diversity appears to be used by the team as a performance
indicator. This ties in with the National goal of more diversified
crop production.

The variability of yield is determined from yield data available
from schemes neighboring those in the ISM project. The yields are those
reported by farmers in previous years. These data are . “=9 used to deter-
mine the crops grown in each season and the area of crops grown, which
are used to determine the performance indicators above.

The desired performance used in the report was the higher yields
reported in the neighboring schemes extrapolated over the schemes under
the ISM project and over both growing seasons.

The team appears to have considered the performance indicators
1isted in the framework plus crop diversification. Also, it is int-
eresting to note the use of yield as both a indicator and a variable
when fitted to our framework.

Resource Conservation

One of the main goals of the ISM project identified by the team
was to break the development-deterioration-rehabilitation-deterioration
cycle that occurs in irrigation schemes in Sri-Lanka (and elsewhere).
This is an attempt to conserve the resources involved in the physical
irrigation system. By reducing the expenditure on system rehabilitation
through improved management. This appears to be the only reference in
the report to resource conservation. The performance indicators in thic
case would be some measure of the state of repair of the physical system.
This could have been the ability of the physical system to deliver water
as originally designed. The performance variables to assess this in-
dicator could have been silting-up of the system, structures intact
from the original design, damage to structures, or ieakage from the
canals. However, it appears from the report that the team were already
aware of this particular problem and did not measure the performance to
confim it.

Return on Investment

Unlike the other key nbjectives considered above, the report gives
significant information on the team's diagnosis of this area before
they recommended a design. Economic and financial analyses were conducted
of the sector (the ISM project area) and each of the schemes involved.
These indicators were described 1n terms of the rate of return on the
investment. The variables used to arrive at these indicators were de-
scribed as "conservative estimates" from "official data" as there was
Timited empirical data available to the team. Cropping intensity, cropped
area and yield were the three performance variables used to determine
the desired production due to the investment and, therefore, the rate
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of return. The collection of fees is a performance variable used by the
team in determining the performance indicator of financial viability of
the schemes,

It appears thet the report does not include a rate of return for
the project without the investment. In terms of the terminology used in
this paper the team did not report a present level of performance.
The economic and financial performance indicators were also applied to
the farmers. The performance variables used were size of holdings, farm
fncomes, and distribution of incomes. However, the report does not
address the financial viability of the individual farms should the project
be implemented. This shortcaming can be described as not addressing the
potential performance of the Farmers. This may be due to the lack of
empirical data, but it should have been considered.

Effective Organization and Coordination

Irrigation Department. The team examined this department in
detail and specifically examined the indicators of technical ability,
organizational coordinatfon within the Irrigation Department, and farmer
involvement.

For the indicator of technical ability the team used the performance
variables of qualifications of personnel, and experience of personnel.
For organizational coordination the team described the many different
meetings within the organized structure of the department. Farmer in-
volvement in the irrigation department was apparently only considered
by the variables of the existence of meetings between the farmers and
the ID, and the impressions of the two parties to the benefits of these
meetings.

The team appears to have applied the above indicators to the design,
construction and 0&M functions within the department.

A notable exclusion from the coordination of this department is
the diagnosis of its coordination with other agencies.

cul tu D ent. This is not considered in the report.
Neither is its coordination with the Irrigation Department.

nning and Development. This is considered at the National
level where the team state that the emphasis s no longer towards the
creation of new schemes, rather the rehabilitation of existing ones.
The team uses disciplines within the irrigation department as a perfor-
mance varifable to determine the ability of the department to implement
this.

Private Sector. Other than a brief reference to the availabi~
11ty of credit tc the farmers from the private sector there was no dfag-
nosts of the private sector in this project. This reference to farmer
Tnvolvement in the private sector must have been assessed from interviews
with farmers and farmer's groups.
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Other Organizations. The team assessed the performance of

existing training facilities within the country in order to improve the
technical capability of the famer's organizations and the irrigation
department. The performance indicator used was their training capability
and the variable used to assess this were previous experience in irriga-
tion, qualifications of personnel, and experience of personnel. The
desired performance used was that required to meet the needs of the ISM
project.

RECOMMENDATIONS AND CONSTRAINTS

As this report gives a description of the design and 1imited infor-
mation on the performance of the existing system th» recommendations
are relatively easy to define whersas the constraints identified by the
team have to be implied. The recommendations given by the team in the
"objectives for the ISM project" are:

- develop and strengthen the WUOs,

- enhance the capability of the Irrigation Department staff for
operation and maintenance, support the IMMIS project,

- Institutionalize the training capabilities for WUOs, O&M and
project management, and

- document lessons learned with special reference to policy
implications to consider in order to ease the transfer of
technol ogy.

From these recommendations we can imply that the constraints identi-
fied by the team were:

- non existence of WUOs in some cases, and low internal coordina-
tion and ability of some of those that do exist,

~ low technical abi1ity of Irrigation Department to organize
0é&M,

- low capabilities within the country to undertake training for
WUOs, 0&M and project management, and

- National policy constrains the transfer of technology..

In this design study, much of the information in the report makes
indirect reference to the methodology the teams used. This is why the
actual measurements made by the team are unclear. This is not a failing
of the report as they were not trying to record the details of the metho-
dology they used.

The above constraints appear to fit the logic of the diagnosis
methodology with only a couple of exceptions. The low capabilities for
training for 0&M does not appear to be supported by the report. The
report suggest (p. 92) that the required training facilities are largely
intact. The facilities for training project management were discussed
but 1t is unclear to what extent they were assessed for performance.
This could be an exclusion in the report or in the diagnosis.
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DISCUSSION

With the lack of reported performance indicators and constraints
1t 1s difficult to decice whether they were measured and how they were
measured.

It appears that the team did consider all five of the key management
objectives. The desired performance concerning the farmers! economic
and financial situation uo not appear to have been established. This is
particularly interesting considering one of the goals of the ISM project
1s to increase the standard of 1iving for small farmers.
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APPENDIX E

SYSTEM H OF THE MAHAWELI DEVELOPMENT PROJECT, SRI LANKA
WMS REPORT 20

OBJECTIVES

The objectives of this system were identified by the team as equity
of supply and control over available water supply. The major team objec-
tive was recorded as training of host country professionals in interdis-
ciplinary team methods, which was diagnostic analysis in this case. The
team conducted the reconnaissance in disciplines and the remainder of
the activity in interdisciplinary groups. Howe-er, the report was divided
in terms of the disciplines. The disciplines represented were agronomy,
engineering, economics, sociology and women's role in irrigated agricul=-
ture. The team consisted of two agronomists, two engineers, one engineer-
/economist, two economists, two sociologists, and two sociologists/wamen
in development. Five of the eleven member team were jocal professionals.

PERFORMANCE

The team collected data from the five groups mentioned above. Each
group places different emphasis on the performance considered. The agro-
nomy report is primarily concerned with testing the hypotheses developed
1n the reconnaissance that agricultural production was low due to Tnequi-
table distribution of water, over irrigation of upland crops, low input
levels, poor land preparation and weed control, and the development of
salinity problems in the lower reaches of the turnouts. From this we
can conclude that at least part of the team considered the management
objective of productivity of agriculture. Examining the "causes" of the
suspected Tow productivity 1t can be implied that they considered perfor-
mance indicators of equity of water distribution, resource conservation,
technical ability of farmers, and input levels. From this, we can con-
clude that the key vbjectives of water control, resource conservation,
productivity of agriculture, and effective organization and ¢sordination
(relating to the level of inputs and farmer technical ability) were con-
sidered by at least this part of the team.

For the detailed study the group began with another walk through.
This time they were concentrating on their assigned turnouts. The data
collected was observational in nature and included creps growing, dif-
ferences 1n growth stages, general condition of crops, and areas of
poor growth. These data, which would be described as performance vari-
ables 1n the terms used in our study, were used to assess cropping pat-
terns, cropping patterns, and "management related problems". These are
essentially the performance indicators considered at this stage and were
used to decide the allotments to use for detailed study. Up to this
point, the group concentrated on secondary and observational data.

The agronomy group went on to collect data from their selected
allotments on the soil types and their condition, and on the level of
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the water table. This data was directly meacured. The group also col-
lected further data on the crops grown. This included asking the farmers
about the varieties grown and observing the field practices, such as plant
spacing, and directly measuring the observations they had made previously
such as the weed infestation and the projected yield from tiller counts.
Plant nutrient informatfon was also collected. Al1l these variables are
primarily concerned with the objective of productivity of agriculture

but the information could also be used as secondary data for other objec-
tives. For instance, differences in cropping patterns can be used to
assess the inequity of water delivery.

The engineering section, 11ke that of the agronomy, used the infor-
matfon from the reconnaissance to develop a hypotheses from which they
developed a methodology for testing 1t. The system was divided into
water conveyance and distribution system, water application system, and
drainage system. The 1ndicators they selected from the reconnaissance
relating to the delivery, farm and drafnage systems were maintenance of
channels, state of channel structures, erosion and sedimentation in chan-
nels, state of turnouts and level of control and measurement available,
water logging, reliability and adequacy of supply to farmers, and tam-
pering by fammers. The team made assumptions from these observations
and proceeded to test them. Comparing these observations with the refe-
rence framework of this study we can see that the team considered the
management objectives of water control. They mention the two indicators
of adequacy and reliability and, although they do not refer to the in-
dicator of equity, this has already been covered in the section on agro-
nomic aspects. The team also considers the objective of resource conser-
vation. Here the team has examined indicators of water logging, dete-
rioratifon of structures, sedimentation, erosion, salinity, and fertility.

A number of these observations relate to indicators concerned with the
objective of organization and coordination. The tampering of farmers
and level of maintenance are two specific examples.

After observing indicators of low performance, hypothesizing the
constraints associated with these indicators and identifying the 1n-
dicators concerned with them, the team goes on to consider the information
they need to test their hypotheses. This seciion identifies those as
original and actual maintenance plans, original and actual maintenance
procedures, original design specifications, discharge measurements from
delivery channels and field turnouts, staff and farmer inputs concerning
the communication channels, inflow and outflow measurements from sections
of fleld channels, present condition of structures, and elevation of
drainage channels with respect to farms served. It should be noted that
the maintenance variables were applied at the three subsystems mentioned
above. The variable concerning the communication channels was applied
at both the conveyance and distribution subsystem, and the application
subsystem 1nterfaces. It can be seen that there 1s great emphasis on the
organfzation and communication both between and among the different
organization involved, and the resource conservation relating to the
original system. Most of the data 11sted in this paragraph are either
performance varfables of desired performance relating to these two obj-
ectives. However, the implication of this information {s that it has
already been established that the objectives of water control and produc-
tivity of agriculture are not being met.

62



The data for this section of the report came from direct measurement
and interviews with the farmers and the staff. There appears to have
been a Tot of direct measurement concerning the present state of the
system,

The economics section of the report concentrated on collecting
input/output data from ths major cropping enterprises of the previous
year. The main objective bsing considered here 1s the return on {nvest-
ment at the farmer level. The data were collected by means of interviews
with a sample of farmers. Soil types and head-tail considerations were
used when selecting the sample. This implies that the team were also
considering distribution of return on investment within the system which
in-turn implies that the team suspect that there 1s an Tnequity in water
distribution within the system. Therefore, the return on investment
data were also used as secondary data for water control.

The economic section of the report also refers to data collected
concerning the cropping patterns and intensity, agricultural production
Tnputs and activities, and production level, marketing and credit. Here
they have collected data that concerns the objectives of agricultural
productivity and the organization and coordination of the marketing and
inputs.

The saciology section of the report 11ists certain aspacts of atti-
tudes and behavior that influence irrigation activity. These were avail-
abi11ity and utility of institutional services, per-eived problems of farm-
ers, farmers' irrigation knowledge, effectivensss of bLethma (existing
water delivery policy) system and p:itern of land tenure, farmer involve-
ment in the maintenance of the system, and farmer perception of commurity
1ife after the resettlement. In selecting the sample areas the team
considered the head-tail issue and the different organizations within
the irrigation system. The team interviewed both field assistants con-
cerned with irrigation and agriculture. However, the team only refers
to the frrigation organization at other administrative levels. No discus~
sfon concerned with the agricultural department input with the system
except for the field assistants.

It can be seen that the sociology section is primarily concerned
with the organization and coordination objective, especially from the
farmers point of view. Thelir selection of sample area suggests that
equity of water delivery is also considered.

The women in development section used a 11st of aspects very similar
to that used in the sociology section except this is directed at the
woman's role In {rrigated agriculture. Similarly the emphasis was on
the organization and coordination objective from the woman's point of
view. More emphasis was placed on the farm family as a organiz-=ion,

CONSTRAINTS

The major constraints identified by the team were poor maintenance
at the farm and channel level contributing to physical deterioration,
drainage, farmer practices, leveling in fields, labor, farmer participa=-
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tion, credit, understaffing of the irrigation department, at the leavel
that communicated with the farmer users organizations.

RECOMMENDATIONS

The team give a detailed 11ist of recommendations for this system.
Basically these are repair and replace the physical system and construct
additional structures and measuring devices at critical points, implement
a regular maintenance schedule, establish a rotational system of farm
irrigation, develop an incentive and penalty system, more involvement
of women, establish farmer organization to communicate problems and
work with the irrigation department, improved extension, develop a mobile
demonstration unit to bring Community Development Center Programs to
those with time and travel constraints, more detailed soil surveys,
farmer managed research trails, detailed evaluation of domestic water
supplies, develop methods to ease seasonal labor constraints, develop a
farm record system, efforts to stimulate crop diversity, and detailed
investigation of the real value of capital und credit in the production
process.

The recommendations are extensive., The constraints identified do
ot appear to justify all of these recommendations. For instance, the
recommendation on crop diversity does not come from the constraints
fdentified. It appears that this may be an objective at regional or
national levels. The recommendations concerning further research are
questionable. [t is not apparent that more detailed soil information is
of critical importance to the management of this system,

The recommendations were divided into physical, organizational,
and further research. The physical and organizational appear to follow
on well from the methodology discussed by the various components of
the team. The team appear to have covered the five main objectives very
well 1n this diagnosis.
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APPENDIX F

SMALL SCALE IRRIGATION DEVELOPMENT, INDONESIA
WMS REPORT 30

The system being considered 1n this diagnosis was small scale irri-
gation within specific regions of Indonesia. The team consisted of three
Irrigation engineers, two rural sociologists, one agricultural economist,
and one 11ft irrigation specialist. Al1 the members were expatriates,
but two had extensive experience of smail-scale irrigation schemes in
Indonesia and the team was complemented with Jocal professionals through-
out the diagnosis. Two weeks prior to the team arriving two graduate
students were sent ahead to collect data and establish contacts. Team
members were aporeciative of this, but warned that careful selection of
these students was critical. The wrong person could cause more problems
than they overcome.

OBJECTIVES

The team did not specifically mention the Guvernment of Indonesia's
objectives in the repcrt. However, the report does refer to Repelita
IV, which is the present GOI five year plan, with reference to small
scale irrigation development.

The team objective was to produce a project desigin study that could
be implemented to ..."improve the Govermment of Indonesia's institutional
capabi11ty to increase food production by improving the performance of
small-scale irrigation systems ,.. and implement improvements, including
alternative water delivery options". The report also 1isted secondary
objectives as part of the proposed design, which were:

¥ improve relfability and duration of the irrigation water supply to
30,000 hectares,

* improve the capability of village level organizations to operate
and maintain Small-Scale Irrigation Systems,

* introduce and tect several new technologies and {nstitutional ar-
rangements,

* monitor and evaluate the evolution of Small-Scale Irrigation develop~
ment strategy, and

* {dentify the indicators and optimal mix of public and private respon-
sibilities.

A comparison of the above objectives with the key management objec-
tives on page 7 of this study, we can see that tho team's consideration
of "...institutional capability to increase fcod production by improving
the performance of small-scale irrigation systems..." addresses the
goal of increased agricultural production through increased farmer wel-
fare. In the secondary objectives 1isted above we can see specific
reference to the objectives of increased water control and effective
organization and coordination, with particular emphasis on farmer involve-
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ment. The design recommendations of this report include the implementa-
tion of an environmental impact statement. This implies the consideration
of the resource conservation objective by the team. However, the explicit
evidence of such considerations is 1imited in the report. The key manage-
ment objective of increased agricultural production 1s already addressed
in the major objective of this study.

PERFORMANCE

The organization and coordination of the public works and the farmer
organizations were of major importance in this study. The team used
the performance indicators of level of organization of public works,
and the existence of farmer institutions at the schemes visitcd. The team
also considered the interaction between public works and the local irri-
gation works in different types of irrigation schemes. This information
could have been used as desired performance of the coordination between
the National public works and the local organizations for small-scale
irrigation.

The report also refers to social soundness as a measure of the
particular scheme's ab111ty to support improved small scale irrigation
development. This "social soundness" could be interpreted as the level
of local organization. In addition, the team assessed the "technical
level of run-of-the-river schemes. This information came from the indi-
vidual scheme visits but was used as a general assessment of the techni-
cal Tevels within the public works organization. The data collected
Included description and configuration, diversion structures, conveyance
structures, planning, design, operation and maintenance, design standards,
problems with present design practices, technical challenges and irnova-
tive solutions. Fram this 11st, we can conclude that the team were
considering the existence of major physical components of small-scale
irrigation schemes, and The planning, design and operation. This implies
the consideration of both tihe farmer organization and the public works
technical abilities.

The team were concerned with the performance of individual schemes
and the performance of small-scale irrigation at a regional level. The
visits to the schemes were relatively short and the variables collected
were restricted to interviews with key informants, observations by the
team, and a few physical measurements. Because of this emphasis on
secondary and observed data the team relied heavily on the local profes-
sionals to fdentify key informants and provide them with background
information. This local professionals were crucial as 11ttle data existed
concerning small-scale irrigation schemes in Indonesia.

As well as assessing the present state of small-scale irrigation
in Indonesia, the team had to select schemes to be included in the project

design. The schemes were selected on the expected yield increases from
the projected improvement of irrigation and increase of irrigated area.

CONSTRAINTS

The team 1dentified the general constraints in small-scale irrigation
schemes as uncertainty and seasonal variation of water supply; 1imited
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technical capability of Public Works personnel especially if present
plans are implemented; unreasonable amount of increased staff would be
required to establish government controlled systems in place of the
existing systems; and 1imited technical, institutional and financial
capabilities at the village level.

A comparison of these findings with the objectives and performance
discussed above suggests a relatively complete logic on the part of
this team. They were primarily concerned with the sector and the con-
straints identified were, therefore, related to the sector. The data
collected from specific schemes were used to identify these general
constraints. The emphasis 1n the performance indicators assessed was on
the public works and local organizations, the constraints identified
are primarily concerned with these organizations and their technical
abilities to support the intended project.

RECOMMENDATIONS

The team made six specific recommendations. These were shifting
the development policy of Public Works away from government managed to
farmer managed small-scale systems, improve village-level irrigation
systems other than through Public Works programs, identlfy the dynamics
of the small-scale system, identify the secondary impacts of small-scale
irrigation development and their importance in evaluating project feasi-
b111ty, study the effect of different cropping patterns, and support
the irrigation schemes through improved agronomic practices.

Comparing these recommendations with the constraints identified
above we can see that the team were addressing the 11imited ability of
the national level public works to under take the intended project. The
other recommendations are aimed at further study of specific irrigation
schemes. - This 1s due to tha secondary nature of the information already
established. :

In a more general context, the team recommended that the project
should follow a policy of augmentation, decoupling, and capacitation.
Augmentation is the improvement of water supply, decoupling is the crea-
tion of a distinct division between the responsibilities of the Public
Works and the farmer organizations, and capacitation is Tncreasing the
capability of existing systems and organization to Implement the other
two. These recommendations are addressing the constraints of uncertainty
and variation 1n water supply, and 1imiting govermnment involvement in
water control in order to reduce the necessary staffing levels.

The Indonesian project initially recommended project sites on Java,
Sumbawa and Timor. These areas had been selected before the team arrived.
Upon completion of the report USAID and GOI decided that no further
development was required on Java. The team was recalled tc conduct the
same study on Sulawesi, which has now been chosen as tha third area.

This confusion concerning the regions to be considered appears to have
arisen from not identifying the specific objectives of the GOI in the
initial stages.
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DISCUSSION

In this diagnosis, the team was supported by three local engineers
from the USAID Mission and public works professionals at the regions
visited. This inclusion of Mission personnel appears to have facilitated
the inclusion of USAID objectives in the diagnosis. The confusian over
the GOI objectives may have been avoided had there been more central
public works involvement in the team.

The absence of a good data base concerning small-scale irrigation
at the National and Regional level required that the team relied on the
fleld visits. The advance party of graduate students appears to have
offset the Tack of available data, to some extent. Much of the emphasis
was placed on the organizations involved in small-scale irrigation de-
velopment including the public works and the farmer institutions.
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