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PREFACE

The authors have been concerned about how irrigated agricultural
development could be accomplished more effectively since the early 1970s
while working in Pakistan. Those initial efforts in Pakistan probably
were inordinately focused on field studies to define and document pro-
blems; at that time there was much disagreement as to what the priority
problems were. Since that time we have worked to further define and
refine a model for development which would assist professionals to accom-
plish development efforts more effectively. Again, much time wac spent
defining problem identification and then diagnostic analysis.

This paper is an attempt to communicate the lessons we have learn-
ed about how to accomplish the diagnosis of complex irrigation systems.
We hope professionals in water management can use these ideas and build
upon them to better understand how irrigation systems can be improved.
This paper builds on two previous diagnostic analysis manuals (Lowdermilk
et al., 1983; Fowler, 1988). It {ncorporates a management emphasis
formerly developed, but now more specifically defined. A system manage-
ment focus has been used in this refined model to structure the diagnosis
process so that it provides a less bifased disciplinary and a more effec-
tive interdisciplinary definition of the irrigation system.

Our concern has been to identify a process to guide an interdis-
ciplinary team through dfagnostic analysis, while allowing the team to
define the specific concepts and approaches to be used in a particular
context. We think the team planning methodology, combined with the
diagnosis framework and process, more effectively accomplishes this
goal. We believe a team can use {ts own knowledge and experiences to
build on and improve the definitions we have given.

Some professionals have expressed a concern that diagnostic analysis
focuses on negative aspects of an irrigation system. Properly used,
diagnostic analysis focuses on the priority areas of both high and low
performance. Experience has shown that understanding the causes of Tow
performance and thun providing visible solutions which result 1in high
performance 1s a very effective way to obtain the involvement and comrit-
ment of government and farmers 1n improving agricultural parformance.

Our previous attempts at defining improved processes and approact.~
es avolved over a perfod of a year or more. This particular effort was
completed in only a few months; therefore, we have not tested our defined
approaches as much as we would have 1iked. Due to project deadlines,
we have finalized our effort to provide a current version. We expect
that this methodology w111 be refined in the future based on the sugges-
tions of readers and our own experiences. We sclicit your comments and
suggestions,

We had anticipated writing a companion paper that would define and
describe an implementation planning process. Resources and time were
not available to accomplish the task, but perhaps such an effort can be
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completed in the future. The authors think that much more effective
Improvements in irrigated agriculture can be made through the processes
we have described.

We also think that irrigated agricultural development can occur more
rapidly and effectively than it has, and that farmers can achieve improved
well-being. Also, we think that governments can achieve significant
returns on their investments in irrigation than is currently done.
Diagnostic analysis can be an important part of the strategy for accom-
plishing these objectives, and, when followed with appropriate implemen-
tatfon planning, it can help institute effective organizational change
to improve the performance of irrigated agriculture.



EXECUTIVE SUMMARY

Diagnostic analysis has been a key strategy for improving the per-
formance of irrigated agriculture in a number of countries, especially
Pakistan, Egypt, India and Sri Lanka, over the past 10 years, Diagnostic
analysis is an interdisciplinary field study of an irrigation system to
understand the performance of the system and make recommendations for
improvement. This paper builds on past experience with diagnostic analy-
sis to apply new concepts for management and diagnosis to define an
improved process for diagnostic analysis.

A methodology of diagnostic analysis is developed and presented as
a series of phases. Management concepts, systems concepts, and a diag-
nosis framework are defined that provide the conceptual basis for the
methodology. A diagnostic process which uses the supporting concepts
and diagnosis framework to measure system performance and identify the
causes of high and 1ow performance is described. An overall plan for
managing diagnostic analysis is developed using the team planning metho-
dology, which consists of the following five phases:

Phase I: An overall plan for the diagnostic analysis is developed.
The context is established, the purpose and outcomes are de-
fined, roles and responsibilites are agreed upon, and an overall
plan is developed by the diagnostic analysis team to accomplish
the outcomes. A detailed plan for the next phase is prefared.

Phase II: Entry involves organizations in a process to gather 1in-
formation for planning the field studies. This includes re-
ceiving input about issues and concerns, providing information
about the effort, and receiving a mandate from organizations
tor personnel involved in the study. The information received
1s the basis for planning the rapid diagrosis (Phase III).

Phase III: A rapid diagnosis develops an initial understanding of
the priority high and low performance areas of the irrigated
agricultural system including the priority contributing factors
and their magnitude. This understanding is developed by the
Interdisciplinary team, using indicative field data because
of the short timeframe. This infcrmation is used to 1) plan
the detailed diagnosis of Phase IV or 2) prepare reports for
Phase V.

Phase IV: A detailed diagnosis is focused on the hypothesized
areas of high and low performance and the priority contributing
factors developed in Phase III. Analysis and synthesis of
system performance is accomplished by the +team. Reports are
prepared with recommendations for improving performance for
1) policy makers, 2) executive and operational managers, and
3) water management professionals.

xi



Phase ¥: The exit phase provides the involved orgarizations with
the results of the diagnostic analysis, accepts their input
for formulating goals and a plan for implementation planning
to build on the diagnostic analysis to improve the performance
of irrigated agriculture.

Diagnostic analysis focuses on improving the understanding of system
performance. This understanding effectively provides a base for project
designs, sector reviews, project evaluations, diagnostic analysis training
worlshops, senior officials' workshops, and implementation planning or
similar processes. Implementation planning builds on a diagnostic analy-
sis using a multi-organizational and multi-level, problem-solving and
planning process to develop a management plan for an irrigated agricul-
tural system. The management plan addresses the problems identified
during diagnostic analysis, and outlines changes in facilities and manage-
ment which address these problems.

An interdisciplinary team applies the methodology of diagnostic
analysis during a field study. Disciplinary and interdisciplinary con-
cepts are applied in the analysis and synthesis of the irrigated agricul-
tural subsystems to understand perfori:ance and the factors that contribute
to performance. The interactions between subsystems are numerous and
multi-faceted, and careful intci'disciplinary efforts are needed to under-
stand each subsystem and the system as a whole. The suggested variables
for measuring performmance, indicators of performance, contributing fac-
tors, and means for measuring the magnitudes of contributing factors
are intended to assist a new diagnostic analysis team to more effectively
diagncse an irrigation system,

xii



I. CONTEXT AND NEED FOR NEW DEVELOPMENTS IN
IRRIGATION SYSTEM DIAGNOSIS

A.  INTRODUCTION

The need to understand the performance of irrigations systems has
received increasing attention over the past decade. Concurrently, there
has been an increased focus on improving the management of irrigation
systems. For example, the creation of the International Irrigation
Management Institute in Sri Lanka has resulted from concern about im-
proving irrigation system performance through improved management. A
greater consensus exists today that developing an understanding of firri-
gation systems is integral to improving their management. Consequently,
there has been a growing recognition of the need to study or diagnose
the field conditions under which irrigated agriculture performs (Clyma
and Lattimore, 1987).1 The result is that more organizations are con-
ducting field studies to understand and improve current levels of irri-
gation system performance,

The purpose of this paper is to describe a methodology for diagnostic
analysis. This methodology can be used by interdisciplinary teams to
better understand how to improve the performance of irrigated agriculture.
Chapter I reviews the need for improving the diagnosis of irrigation
systems and new developments in the methodology for diagnostic analysis,
Chapter I also introduces a strategy for using diagnostic analysis to
improve the management of irrigated agriculture. Chapter II reviews
important supporting concepts for diagnosis. The methodology for diag-
nostic analysis is presented in Chapter III. Application of the metho-
dology to the diagnosis of irrigation systems is presented in Chapter
IV with supporting examples 1n the appendices. Chaoter V reviews a
strategy for improving the performance of irrigated agriculture through
a process for improving management.

B.  CONTEXT FOR IMPROVING DIAGNOSIS

This section reviews the need to improve irrigation system perfor-
mance through improved diagnosis, the background of irrigation system
diagnosis as 1t has developed, and the context and status of needs for
improving diagnosis.

1. Need to Improve Irrigation System Performance
Due to the high cost and low performance of new projects, donor

agencies and host country policy makers are becoming more interested in
Improving the performance of existing systems., New projects typically

1The water Management Synthesis II Project sponsored a "Rehabilit-
ation of Irrigation Systems" conference in the fall of 1986. All par-
ticipants agreed that pre-rehabilitation studies were an important part
of improving the performance of irrigation systems,



cost from $7,000/ha to $9,000/haZ, compared to $1,000/ha to $1,500/ha
for improving existing projects. For example, in India, due to the Jow
level of system performance and high cost of new projects, policy has
changed to focus on existing projects (National Water Policy, 1987).
This 1s significant because India has over 50 mil1lion hectares which
could be developed into new projects (Planning Commission-India, 1986).

The need to improve the performance of irrigated agriculture is
the priority rationale for effective diagnosis. Fasso (1987) at the
13th Congress of the International Commission on Irrigation and Drafnage
stated that over half of the 230 mil111on hectares currently irrigated
Tn the world require radical improvements. The same congress highlighted
the theme of rehabilitation and modernization of irrigation and drainage
projects. Another recent high-level conference (Haider, 1987) on system
rehabilftation and betterment provided the following reasons for improving
systems:

* Rapid deterioration of existing irrigation systems and Tow
irrigation efficiency

* Growing scarcity of suitable land and irrigation water

* Growing recognition of the problems found 1n older systems and
the potential for increasing production in these systems

* The need for increased quantity ard quality of food production

* Pressures fram farmers to improve the delivery and distribution
of 1rrigation water

* Preference of donors and lending organizations for improvement
projects that cost less than new projects

The above conditions suggest the urgent need to improve the perfor-
mance of {rrigated agriculture. Improving the management of irrigated
agriculture is a fundamental necessity for improving frrigated agricul-
ture's performance. Knowledge of the areas of low performance and the
factors that cause low performance is a prerequisite for improving manage-
ment. Effectively diagnosing current conditions in specific irrigated
keojects 1s the best approach for developing adequate knowledge to improve
management.

2. The History of Diagnosis and Diagnostic Analysis

The development model (Clyma, Lowdermilk and Corey, 1977) was origi-
nally defined “rom efiorts to improve on-farm water management in Paki-
stan. Diagnostic analysis is one of the key phases of this cyclic model
as redefined by Clyma, Lowdermilk and Lattimore (1981) and presented in
Figure 1. Diagnostic analysis is the basis for beginning an irrigated
agricultural development effort focused on assisting farmers to improve
productivity and water management. This initial focus on interdiscipli-
nary field studies of farm irrigation systems provided the basis for
many concepts of diagnostic analysis.

2The authors used figures from Oram et al., 1979, and made adjust-
ments for inflation of costs to arrive at these estimates.
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Phase 1:

Diagnostic '
Analysis
Feedback |

Phase 3: Phase 2:
Program —ee- Development
Impiementation & Assessinent

of Solutions

Figure 1. The development model with diagnostic analysis to improve the
performance of irrigated agriculture (from Clyma, Lowdermilk
and Lattimore, 1981).

Field studies of irrigation systems are 1imited, especially in
less developed countries. Interdisciplinary field studies of irrigation
systems are even more 1imited. Because of this Tnadequate understanding
of field conditions, interdisciplinary diagnostic analyses have changed
the understanding of officials regarding the causes and magnitudes of
problems in more than 20 irrigation projects in eight different countries
over the past 15 years., Other approaches to diagnosis of field conditions
such as rapid appraisals (Chambers, 1983) and farming systems (Shaner,
Phi11p and Schmehl, 1982) have also contributed to this understanding.

The greatest impacts of field studies and diagnostic analysis for
studying irrigation systems have nccurred in Pakistan, Egypt, India and
Sri Lanka. The first studies highlighted irrigation efficiencies 1n
Pakistan in the earlv 1970s, in which multi-mi114ion dcllar field studies
had assumed that irrigation efficiencies were high (90% delivery and 85%
field application etficiencies). Subsequent field studies showed that
delivery efficiencies were 50% to 60% and field efficiencies were less
than 50% 1n many areas (Clyma and Corey, 1974). Because of the assumed
high efficiencies, on-farm water management was neglected for a decade

3



In Pakistan. With the problem of low efficiencies better understood,
however, Pakistan has invested several hundred million dollars in im-
proving on-farm water management over the last decade.

The Egypt Water Use and Management Project (Clyma et al., 1981)
built on experiences in Pakistan to inftiate long-term interdisciplinary
fieid studies and to develop and test solutions to the defined priority
problems. An implementation program was defined (Egypt Water Use and
Management Project, 1934) which is currently being implemented as a
regional irrigation improvement program.

Incia was the site of the first field workshop in 1980 on diag-
nostic analysis conducted by the Water Management Synthesis Project.
Two additional workshops were held in different states. India currently
(1988) has a Water and L.and Management Institute in each of 11 states
which provides training in diagnostic analysis and conducts action re-
search to improve the performance of irrigated agriculture. Over 10
diagnostic analysis studies have been conducted by these institutes
over the past several years. In addition, diagnostic analysis has been
usad to train field staff to collect data for the design of minor irri-
gation systems, to sensitize senifor officials to the use of field studies
for planning and designing micro-networks, and for project evaluation.

Sri Lanka has completed a long-term diagnostic analysis study to
provide baseline information for improving the performance of irrigated
agriculture in four irrigation schemes. The diagnostic analysis studies
provided input for designing the improvement project and for planning
the improvements (Skogerboe et al., 1983; Nelson et al., 1988). An
irrigaticn management division now focuses on improving the management
of 1rrigation tank systems in Sri Lanka. Studies of the tank systems
changed professionals' understanding about the needs for system improve-
ment and management.

3. Strengths and Weaknesses of Diagnostic Analysis and Other
Diagnostic Methods

The use of diagnostic analysis in eight countries and 16 workshops
over the past severai ycars has helped to identify a number of strengths
and weaknesses in diagnostic analysis. In addition, Oad, McCornick and
Clyma (1988) reviewed the use of diagnostic analysis and other diagnostic
approaches under the Water Management Synthesis II Project and suggested
a number of Timitations in the approaches used for diagnosis. Clyma
(1986) analyzed several approaches to development that included a diag-
nosis phase Limitations and strengths for each approach to diagnosis
were identified.

A major effort has been made to evolve a farming systems research
and development apprcach (Shaner, Philip and Schmehl, 1982). Though
the focus 1s primarily on rainfed agriculture, the emphasis on field
studies 1s sound. Key concepts such as the systems approach, farm and
farmer focus, and action research studies are the same as those in diag-
nostic analysis. Clyma (1986) concluded that the farming systems problem
fdentification and diagnostic analvsis are two sides of the same coin.



Another contribution from which diagnostic analysis can benefit is
the Tearning process approach (Korten, 1982; Uphoff, 1984), which includes
a focus on farmer involvement in developing organizations, organizational
change and reform, the neced to provide reorientation to officials, and
a focus on farmer training. Though this {is not a complete methodology
for frrigation system diagnosis, it does highlight some needs related
to organizations and program implementation,

Rapid appraisal has been a focus of discussion for Chambers (1983),
Yoder and Martin (198), and Bottrall (198). Bottrall (1983) emphasizes
the performance of the irrigation system and measures of performance.
Rapid appraisal methods were developed for quick evaluation of a system.
Bottrall (1983) also suggested a specific focus on performance, factors
to explain performance, and recommendations for needed action.

The above experiences suggest that diagnoses of Trrigation systems
have been applied and used to effectively direct development efforts.
The authors of each approach have suggested needs for improvement, usually
from experiences of application in the field. The following improvements
for diagnostic methods are suggested: :

* Improve team building and management procedures for the process.

* Focus more specifically on the management objectives of irrigated
agricul tural systems.,

* Focus on the priority needs using a structure and logic that
1imit data collection to the priority needs.

* Use a structure and process to develop an Interdisciplinary under-
standing of a performance area and the factors which contribute
to the given performance.

* Obtain assurance that the knowledge and understanding developed
from the diagnosis effort is used by the relevant organizations
to improve performance of irrigated agriculture.

These needs have been 1dentified from lessons learned in the field,
from formal evaluations of diagnostic analyses after completion, and
from the experiences of others in their approaches to system diagnosis.

C.  MEW DEVELOPMENTS IN DIAGNOSTIC ANALYSIS

The purpose of diagnostic analysis is to develop an understanding
of how to improve the management performance of irrigated agriculture.
Experfences in diagnostic analysis and the efforts of others in diagnosis
have provided 1nsight and understanding to improve the concepts, process
and performance of diagnostic analysis.

The previous definition of the concepts for diagnostic analysis
(Lowdermilk et al., 1983) and the precedures (Fowler, 1988) for accom-
plishing diagnostic analysis are still relevant. Because new concepts
have been defined and the process has been revised and improved, the
process for diagnostic analysis is redefined in this paper. Concepts
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previously introduced, such as synthesis, interdisciplinary teamwork,
and a number of systems concepts, are still appropriate for use in diag-
nostic analyses. They are not discussed here in detail due to page
limitations.

The methodology is designed to be flexible. Each diagnostic analysis
team may build on the prcdefined concepts and process to create a specific
diagnostic analysis procedure to use. In adapting the methodology, the
team should call on their own knowledge and experience and considsr the
specific conditions under which the methodology will be applied. The
new concepts and processes defined for the methodology of diagnestic
analysis include the following:

* An overall management process

* Small group processes for problem solving and planning

* System management concepts for focusing on priority performance
areas and the priority causes of the performance

* System management concepts for interdisciplinary integration of
understanding

* A diagnosis framework and process

¥ Information on how to apply the methodology based on previous
experience

* Diagnostic analysis as Phase I of a process that leads to imple-
mentation planning to improve irrigation systems and their manage-~
ment

Subsequent chapters define these concepts and the methodolcgy, and provide
Information that assists in applying the methodology.

D.  IMPLEMENTATION PLANNING FOR IMPROVING MANAGEMENT

Diagnostic analysis has frequently been applied in training workshops
where the primary outcome was trained staff. Specific improvements
have evolved from the initial workshops 1n a number of countries over
Tong periods of time, but these have often been of 1imited scope. Paki-
stan (through the On-Farm Water Management program) and Egypt (through
the Regional Irrigation Improvement Project) are exceptions to this.
India and Sri Lanka have improvement efforts that currently build on
diagnostic analysis, but the initfal training workshops resulted in
l1imited improvement efforts.

Recent experiences in Pakistan (Jcnes and Clyma, 1988) suggest
that implementation planning can build on diagnostic analysis using a
multi-organizational and multi-level, problem=-solving and planning process
to develop a management plan for an irrigated agricultural system.
This management plan addresses the problems identified during a diagnostic
analysis, and outlines changes in tacilities and management which address
these problems.



Diagnostic analysts focuses on improv ing the understanding of system
performance. This understanding effectively provides a base for project
designs, sector reviews, project evaluations, and other related purposes.
Diagnostic analysis is appropriate for these purposes.3

A key purpose of diagnostic analysis is to improve the performance
of irrigated agriculture. Thus, the purpose of dfagnostic analysis
assumed throughout this paper is to develop an understanding of the
Trrigated agricultural system for use as the basis for conducting imple-
mentation planning (Jones and Clyma, 1988) in order to improve the manage-
ment of 1irrigated agriculture. When there is no serfous commitment to
implementing improvement activities, then investing human and financial
resources to conduct a diagnostic analysis should be seriously questioned.
Further, dfagnostic analysis should be postponed until it can be followed
by implementation planning.

The process of implementation planning 1s discussed in more detai]
in Chapter V. During the discussion of the diagnostic analysis process,
the implications of the diagnostic analysis results to implementation
are frequently illustrated.

3In India, for example, diagnostic analysis forms part of 9- and
12-month training courses for existing and new irrigation department
personnel. The purpose is to teach operational staff and recrufts how
to view a system as a system, and the importance of interdisciplinary
teamwork in understanding complex irrigation systems.
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II. SUPPORTING CONCEPTS FOR DIAGNOSTIC ANALYSIS

The management and diagnostic concepts used during diagnostic analy-
sis are important to the success of a study. Often, concepts are not
explicitly defined by diagnostic teams. This section reviews these
fmportant concepts and suggests how individuals and teams can better use
them when conducting a diagnostic analysis.

A.  MANAGEMENT CONCEPTS

Management in its simplest definition is the organization of people
to accomplish the essential objectives of a particular enterprise.
People, organizations and objectives are important in management. Manage-
ment processes that facilitate the effective performance of the diagnostic
analysis team and ultimately improve the performance of irrigated agri-
culture are the focus of this discussion.

There are three essential managerial focuses in a diagnostic analy-
sis: 1) the management of the diagnostic analysis team to accomplish
team purposes; 2) the integration of the diagnostic analysis study (train-
ing workshop or field study) into an organizational context to develop
the managerial capabilities of the irvolved organizations; and 3) the
Improved management of the irrigated agricultural system to achieve its
purpose.

1. Team Management

The team management process explicitly includes the use of the
team planning methodology (Kettering, 1985; Levine, 1988) as the strategy
for implementing diagnostic analysis. The team planning methodology 1s
used by the team to establish the context for the diagnostic analysis,
reach agreement on the purpose and objectives of the intervention, define
roles and responsibilities for the team, and develop an overall plan
for how the ubjectives will be accomplished.4 The overall plan includes
a detafled plan for the next phase of the effort and immediate next
steps.

Diagnostic analysis personnel often come from diverse disciplines
and have diverse experiences. A diagnostic analysis team does not just
happen. Putting together a g~nd team requires trafning, planning, and
good team management. The team planning methodology s a useful aid
for developing a good team.

4The team planning methodology uses small group processes to involve
individuals, gafn their input, develop ownership by addressing their
concerns and incorporating their approaches, and using brainstorming
techniques to generate ideas. Management concepts continually guide
each group fn its effort to establish a context; agree on purpose and
outcomes, define roles and responsibilities; and plan how to accomplish
the outcomes.



Oad, McCornick and Clyma (1988), in a review of several representa-
tive diagnostic studies, concluded that many of these studies did not
provide for sufficient planning, 1ncluding specific agreement of team
members on the process and activities of diagnosis. The team planning
methodology substantively addresses the concerns expressed by Oad, McCor-
nick and Clyma (1988) that diagnoses of irrigation systems are not ade-
quately planned and implemented.

2. Organizational Development

Recent experience in Pakistan (Jones and Clyma, 1988) has shown
the value of implementation planning to effective management. Manage-
ment in this sense is the use of group processes to gain more effective
involvement from people ({including farmers) and organizations (government
and private industry). This involvement is used to improve planning
and make implementation or management more effective. The experiencas
in Pakistan suggest that coordinated activities and motivated participants
can result in more effective management in irrigated agriculture (Jones
and Clyma, 1988).

Individuals in organizations can reach a common understanding of
the problems to address. They can agree on roles and responsibilities,
plan how problems will be colved by a single organization or jointly by
several organizations, and arrange to receive information and support
from all levels within an organization to accomplish the objectives of
an agreed-upon management plan (Jones and Clyma, 1988). A management
plan is the basis for future actions taken to accompl ish objectives,
Improve performance, and enhance capability to improve management in
the next inter-organfzational management plan.

Once the process of improving management is initiated, continued
improvement is expected through better problem solving (by continually
utilizing the power of small group processes), through improved perfor-
mance (because objectives and actions needed to accompl ish objectives
will be more clear), and through better coordination. Improved perfor-
mance of 1irrigated agriculture that benefits farmers is the focus of
organizational development (Jones and Clyma, 1988).

3. System Management

A typical medium-sized frrigation system of about 7,000 ha proba-
bly constitutes a business valued at $45 million to $70 million in pro-
ductive assets. Thus, irrigated agriculture is a production compilex
worthy of the best industrial management techniques. Management in
Trrigated agriculture must focus on achieving 1ts purpose, which is to
make 1t possible for farmers to produce food and fiber and improve their
well-being.

The management focus of diagnostic analysis requires that the purpose
and objectives (or outcomes) of the irrfgation system be defined. The
revised general objectives of irrigated agriculture should be as follows
(Clyma and Lattimore, 1987):



1. Achievc the potential productivity of irrigated agricul ture
within the environmental, organizational, and technological
constraints present in a system.

2. Practice resource conservation to sustain irrigated agriculture.

3. Ensure that farmers and government receive a financiaily appro-
priate return on investments.

4. Provide water control for delivery and use to achieve dependable,
adequate, and equitable water supplies.

In addition to these objectives, experience with irrigation devel~
opment suggests that certain emphases are necessary if irrigated agri-
culture 1s to achieve its potential. These emphases are as follows:

1. Farmers should be involved in making management decisions.

2. Organizations should coordinate their activities as necessary
to effectively achieve the purpose and objectives of irrigated
agricul ture,

The concepts of system management are represented in Figure 2.
The overall purpose of irrigated agriculture ~- farmer well-being -~ is
the central focus of system management.> The four management objectives
(productivity, resource conservation, return on investment, and water
control) are given equal emphasis and must be integrated to achieve
farmer well-being. The two major management emphases (oirganizat.onal
coordination and farmer involvement) are necessary in accomplishing the
four objectives,

Other concepts important to management include the definition of
appropriate, interrelated subsystems to allow for more careful study of
the irrigated agricultural system. The concepts and principles for
understanding the physical, biological, social, and organizational pro-
cesses 1nvolved 1n each subsystem are important in disciplinary and
Interdisciplinary analysis and synthesis. The diagnostic analysis manuals
(Lowdermilk et al., 1983; Fowler, 1988) provide additional relevant
Tnformation on these concepts and principles.

Previous approaches to defining the purpose and objectives of irri-
gated agriculture have 1isted farmer involvement and organizational
coordination as objectives. Some professionals have suggested that
these are not objectives for which achievement can be measured. In-
stead, they are emphases that must be conside ‘ed, provided for, and
achieved as necessary to effectively attain the objectives of irrigated
agriculture. In any particular context, farmer involvement or organi-
zational coordination may take different forms and still contribute to
achieving the objectives defined for irrigated agriculture.

5Append1x A gives a further discussion of the purposes of irrigated
agriculture,
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The objectives defined above are classed as fundamental because
they are basic to effective management in all irrigation projects.
Additional specific objectives may be substituted for any one of the
above for a particular project. A water control objective can specify
the volume of water to deliver which is adequate for rice cultivation,
and that the supply should be depandable and equitable; the number of
Inadequate, but equitable, 1irrigations to supply to a command area for
growing wheat and the timeframe or criteria for delivery; or the expected
level of production to achieve for rice or wheat. These specific objec~-
tives replace the fundamental objectives, but they do not replace the
need to achieve adequacy, dependability or equity in water control and
a yleld that 1is appropriately related to potential yield. Also, rescurce
conservation fs sti11 esseniial 1f irrigated agriculture is to be sus-
tained, and incomes must be sufficient to pay costs to governments and
farmers if irrigation is to continue.

Organizational
Coordination

Farmer
Involvement

Return on
Investment

Water Control

Integration

Farmer
Well-being

inlegration

Resource

Productivity Conservation

-

__/
Famer
Involvement

Organizational
Coordination

Figure 2, The purpose and objectives of management 1n irrigated
agriculture.
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Some individuals have suggested that the above objectives are in
conflict. Instead, they should be perceived as complementary. That
15, adequacy must be defined such that waterlogging does not subsequently
become a problem of 1nadequate resource conservation. Productivity
must be kept at a level that will sustain the farmer, ever when planned
Tnadequate water supplies result in reduced yields. Government and
farmers must also sustain their continuing investment. Thus, none of
the objectives 1s more important than the others; each must be achieved
within the constraints imposed by the desire toc achieve the other objec-
tives as well.

Additional objectives can be added if they are deemed necessary.
In several years of applying these objectives to irrigation projects,
however, no additional objectives have been identified. A more appro-
priate way to state these objectives has evolved during this period,
Water control, for example, has evolved and been influenced by the work
of Mohammed (1987).

Once management objectives have been established, the focus of diag-
nostic analysis or system diagnosis is on understanding the levels of
system performance such that high levels of performance can be main-
tained and lTow levels improved. Performance must be measured for each
of the above objectives. Productivity can be measured 1n yield per
hectare, for example. In some projects, it is the total project produc-
tivity that 1s of interest. Cropping intensity and cropped area may
also be important parameters in some appraisals of productivity. Variance
of vields from year to year may be of concern if cirop failures are probab-
le. Thus, performance must relate to the objective being evaluated.

The level of performance may be measured differently for different pro-
Jects, different crops, or differing conditions.

The emphases must also be evaluated objectively to determine 1f
adequate farmer involvement or organizational courdination has been
achieved for effective decision-making. For example, 1f the irrigation
department 1s supplying water to prepare lands for rice when famers
are not ready to prepare their land for rice, then farmers are not suffi-
ciently involved in management. If the irrigation department has planned
the seasonal water supplies for short-season rice varieties and agricul-
tural extension only has long~season seeds available, or has not provided
the farmers with enough information about the need to plant short-season
varieties, then organizational coordination has not been sufficient.

There 1s also a necessity for involving farmers in order to under-
stand the basis for their decision-making 1n terms of knowledge,
skills, and cultural norms. Their perceptions of problems should be inte-
grated with an interdisciplinary understanding of the system in order
to compare and resolve differences between farmer perceptions and the
physical, biological, economic, and social-organizational conditions
measured in the system. This understanding is not only important when
attempting to resolve problems caused by farmer perceptions, but also
for resolving the causes.
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B.  CONCEPTS FOR DIAGNOSTIC ANALYSIS

Dlagnosis of irrigation systems involves the use of a number of
important concepts. Concepts, principles, and approaches for diagnos-
tic analysis have been defined previously in the diagnostic analysis
manuals (Lowdermilk et al., 1983; Fowler, 1988). In this section, the
irrigated agricultural system and its primary subsystems are reviewed
and defined. Important subsystem interactions that occur when completing
a diagnosis are reviewed and specified. The relationship between manage-
ment objectives and subsystems is explained, and a framework for com-
pleting a diagnosis is presented.

1. The Irrigated Agricultural System

Irrigated agriculture is a system that commorly encompasses the
water supply, the area under crop production, the supporting facili-
ties, and the organizations, public and private, that support irrigated
agriculture, including farmer organizations. This water management system
for 1rrigated agriculture includes the following (Lowdermilk et al.,
1983):

1. Productivity subsystem

2. Economic subsystem

3. Social-organizational subsystem
4. Water control subsystem

These subsystems® follow the traditional breakdown of disciplines
involved in irrigated agriculture. To understand the total system, the
various, traditional discipline perspectives must be integrated. Each
of the subsystems {is defined briefly below.

Productivity Subsystem, The productivity subsystem (Lowdermilk et
al., 1983) starts with the individual plants, trees, or animals as a
subsystem, expands to include a field (which corresgonds to the water use
subsystem 1n the water control subsystem} or herd of animal species, and
Tncreases to include the farm and eventually the irrigation prcject as
units of productivity. Multiple projects can also be considered a manage-
ment unit.

Economic Subsystem. The economic subsystem relates to costs, re-

turns, and profit for agricultural productivity. Resource allocation

1s important to effective investment. Risks of investment are of concern,
Return on investment must be considered from the farm level to the govern-
ment policy levei. The economic subsystem affects decisions about alter-
natives for all the other subsystems, and economic criteria are impor=-
tant to decisions at all levels of management.

social-Organizational Subsystem. The social~organizational subsystem

focuses on the farmer, his decision-making, and his needs. Farmer deci-

6These subsystems are meant to be fundamental, but not exclusive.
Water delivery often includes wells and a groundwater subsystem. Pro~
ductivity may include 1ivestock enterprise.
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sion-making involves the use of current knowledge, the receipt of appro-
priate information, and the individual and collective decision-making
process for management. Decision-making -~ whether individual or collec-
tive, or at the policy or farm level -- takes place in a particular
setting, is goal-directed, requires motivation, and is influenced by
norms and traditions,

Organizational participation in decisions is also of concern in
the socio-organizational subsystem. Thus, individual and organizational
decision-making from the farmers to the highest levels of government
are included in the social-organizational subsystem.

The performance of organizations is an important aspect of improved
management, and organizational developmen® and improved management have
Important interactions in this subsystem. Organizational management of
the other subsystems is a priority focus for improving the performance
of irrigated agriculture.

Water Contrel Subsystem. The water control subsystem includes the

following (Gates, Ley and Clyma, 1981):

1. Main water control subsystem
* Main delivery subsystem
¥ Branch delivery subsystem
* Distributary delivery subsystem

2. On-farm water control subsystem
* Farm delivery subsystem
* Water application subsystem
* Water use subsystem
* Water removal subsystem

The water control subsystem commonly encompasses the water supply
from the source to the farmer's field, including the disposal of excess
water from irrigation or drainage. This subsystem can be appropriately
extendad to include the watershed if management efforts are to be expended
there. 1In some irrigation projects, improved management of the watershed
1s the priority problem that must be resolved to improve the reliability
and the quality of the water supply for irrigation.

The main, branch, and distributary delivery subsystems carry irri-
gation water from the source to the point where a farmer or group of
farmers take control or manage the distribution of the water. The farm
delivery subsystem usually is partiaily managed by a group of farmers
and partially by a subgroup or an individual farmer. The water applica-
tion subsystem is the field irrigation system, such as borders or furrows.
The water use subsystem 1s the crop root zone of a field, which provides
water for crop growth. Surface and subsurface drainage is accomplished
by the water removal subsysiem.

2. System Applications and Interactions

Improving the management of irrigated agriculture is the focus of
both diagnostic analysis (Lowdermilk et al., 1983) and the development
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model (Clyma, Lowdermilk and Lattimore, 1981). This focus requires the
involvement of an interdisciplinary team and the organizations (public,
private and farmers) necessary for successful agriculture. Improving
thanagement starts at the farm level from the farmers' perspective and
goes up through the water control, productivity, economic, and social-
organizational subsystems to the required level for a predictable boun-

dary.’

Prior to recent efforts in Pakistan (Jones and Clyma, 1988), working
through a line organization was the recommended approach to improving
management (Jayaraman, Lowdermilk and Clyma, 1982). With experience in
organizational coordination and management (Jones and Clyma, 1988),
however, improving management through existing organizational structures,
Tncluding farmer organizations, seems a more appropriate alternative.

Frequently, approaches to improving the management of irrigated
agriculture focus on the water control subsystem, and even on the main
water del fvery system in particular (Wade and Chambers, 1980). These
efforts fgnore productivity aspects and the influences operating between
water delivery and productivity. The result is a 1imited perspective
of the system. Scmetimes management improvements focusing on main system
water control include the social-organizational subsystem. The social
emphasis 1s on the farmers, and the organizational aspects are 1imited
to the main system water control organization and perhaps farmer organiza-
tions. These are also 1imited perspectives.

The other subsystems of irrigated agriculture need to be expl i-
citly considered or a boundary of control must be defined (for example,
between the main system water delivery and the productivity subsystems),
This boundary of control would define the concstraints imposed cn the
main system delivery for effective management of productivity, and the
corresponding constraints imposed on productivity by the defined main
syctem delivery. Boundaries of control for organizations other than
farmers and the irrigation department, for the economic subsystem, and
for the remaining water control subsystems would also need to be de-
fined. In addition, the resource conservation objective would stil]
need to be achieved.

A review of numerous efforts in irrigation development has sug-
gested that the on-farm water control subsystem is often ignored or
neglected. This subsystem is relegated to the farmers for design and
management (Lowdermilk, Freeman and Early, 1978). Engineers many times
assume the farm water control system is simple because small flow rates
are involved. However, observations of structures and field systems

7 The predictable boundary is a boundary of control. In water
supply, supply of inputs and services, and supply of information, there
is a level at which program decisions or, at least, pol icy decisions
can be explicitly defined. Below this level, control does not exist,
since what has been decided is not what is happening for various rea-
sons. Improving management 1s a process of moving the boundaries of
control to lower levels, such that good management {s the result.
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during diagnostic analyses in many countries suggest that structures

and systems do not function as designed and have serfous failures.

Often, serious constraints to productivity exist In the farm water control
subsystem that directly affect efficiency of water use and productivity
of water used. This neglect has been a serious constraint to improving
productivity in irrigated agriculture.

Farmers are the most important managers of the most important sub-
system in irrigated agriculture. Farmers'! roles in irrigation organiza-
tions and 1n the organizational coordination mechanisms of irrigated
agriculture have been 1imited and usually ineffective. Laws and tradition
constrain farmer roles, and irrigation authorities! perceptions of the
appropriate roles of farmers and farmers' organizations in irrigated
agriculture are limited. For example, farmers are usually perceived as
not having significant roles in the management of the main system, In
fact, 1n most irrigation systems diagnosed by the authors, farmers have
had major roles in the distribution of water. Usually these are not dg
Jure roles, they are de facto roles. Farmers typically install additional
outlets, enlarge outlets, and open and close gates to increase and de-
crease the water flow; or they often extend or terminate the flow dura-
tion, with the result that adequacy and reliability of water supplies
to some fields and farms are significantly increased.8 Distributing
water according to a plan cannot be achieved without the explicit coopera-
tion of farmers.

Farmer requirements for water are often not clearly understood by
engineers, because the 1imitations on productivity from undependable
water supplies is often not fully understood. Repeated studies of irrig-
ation projects (Clyma et al., 1983; Venkatraman et al., 1984; Alwis et
al., 1982; Fowler and Kilkelly, 1988; Wattenburger, 1987) have shown
that fammers do not risk substantial investments in agriculture when
water supplies are undependable. Their management of productivity is
not effective because the reduced investments 1ower potential and actual
ylelds.

8 Farmer actions 1n the delivery of water do improve the perfor-
mance of water delivery systems by several criteria. At least some
farmers receive a more adequate and ieliable water supply. However,
because these efforts often maximize the benefits to a 1imited number
of farmers, the result is inequitable water delivery. Because the inter—
ventions of many farmers produce a random effect, undependable water
supplies result. Improved management is needed, but it can not be ach-
Teved without constructive farmer participation.
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Farmer input to organizational coordination and management is criti-
cal if management is to be improved. Just as quality circles? have
improved industrial productivity, farmer organizations that improve
agricultural productivity are equally important and viable. The know ledge
and understancing that farmers have on how to improve productivity should
be systematically included in the management decision-making of organiza-
tions connected to frrigated agriculture.

3. Objectives and Subsystem Interrelatfonships

The 1interrelationships between system otjectives and the subsystems
of irrigated agriculture are important. These interrelationships are
f1Tustrated in.Table 1. The productivity objective relates to the produc-
tivity subsystem, but it also must serve the overall purpose of creating
ylelds that provide return on investment and achieve the purpose of
Trrigated agriculture. The return on investment (Table 1) relates to
the economic subsystem, but also is an important measure of farmer well-
being and a key factor in government decisions to invest or continue to
invest fn irrigated agriculture. Each fnvestment in irrigated agriculture
can be valued 1ndividually ard collectively for its contribution to the
toial sysiem for both the farmer and government.

Table 1. Interrelationships between system objectives and the
subsystems of irrigated agriculture.

System or

Subsystem System or Subsystem Objectives or Emphases

Productivity Achieve potential productivity.

Economic Receive appropriate return on investment.

Water control Achieve adequate, dependable and equitable water
supplies.

Social-organi- Achieve sufficient farmer involvement and organi-

zational zational coordination.

Irrigated Achieve sufficient resource conservation to sustain

agriculture Trrigated agriculture.

9Numerous studies in Industry have shown that encouraging workers
to participate 1n groups in order to 1dentify management needs and to
recommend actions which will improve productivity has fncreased quan-
tity and quality of production, reduced costs, and raised Job satisfac-
tion. Workers have knowledge of what they need, how activities can be
accomplished better, and how organization can be Improved. This example
1s directly relevant to farmer participation, participatory management
in irrigated agricultural organizations, and diagnostic analysis team
management.
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Water control 1is an objective for the water control subsystem, but
1t must be guided by the potential productivity that can be achieved
and by the amount of 1investment that is appropriate (Table 1). Thus,
water control is also a necessary integrator of the productivity and
economic subsystems.

The social-organizational subsystem emphasizes farmer involvement
and organizational coordination as shown in Table 1. These emphases
are not defined and achieved as measured levels of activity, but they
are perceived as the amount or level necessary to achieve all four objec~
tives. The social-organizational subsystem manages the irrigated agri-
cultural system, but may also be considered as a series of subdivisions
into the farmer, irrigation department, agricultural department, and
many other smaller subsystems.

The resource conservation objective can be applied to each of the
above defined subsystems, and it should also be continuousiy considered
for the overall system of {rrigated agriculture. Most importantly, if
resource conservation is not achieved, then irrigated ayriculture will
only subsist or will disappear.

The value of using subsystems in considering irrigated agriculture
are numerous. They allow careful specification of the subsystem, analysis
and synthesis of alternative configurations, and the development of new
approaches to management of the subsystem using the new knowledge gained.
The key constraint in such endeavors is that the interrelationships of
the subsystem under consideration and other subsystems of irrigated
agriculture are not adequately defined and evaluated. If the inter
relationships are not adequate, then the perspective of a single or a
few disciplines will not effectively improve the performance of irri-
gated agriculture.

4. System Diagnosis Framework

A framework for diagnosis is presented in Figure 3. The diagnosis
framework builds on management and system concepts to define an appro-
priate interrelated subsystem. This framework presents a structure and
logic for accomplishing a diagnosis. System diagnosis starts with agree-
ing upon system management objectives. This agreement occurs within the
diagnostic analysis team, and between the operational managers of the
Tnvolved organizations and the diagnostic analysis team,

The team defines subsystem boundaries and their interactions for
the system to be studied, as shown in Figure 3. The specific objectives
for each subsystem are also established and agreed upon. These objectives
are used to fdentify and agree upon the performance parameters to measure
system performance. For example, water control may need to be evaluated
for adequacy and equity of water supply. The team will need to identify
the performance parameters for adequacy and equity, such as those sug-
gested by Mohammed (1987).

The interaction between the inadequacy of the water supply and the
productivity of crops grown is one example of subsystem interactions.
Farmer actions o access a more adzquate water supply may greatly affect
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System Diagnosis Framework

Establish and agree upon
system management objectives

‘

Define and agree upon
subsystem boundaries and interactions

l

Identify and agree upon
performance parameiers

;

Identify and agree upon
variables to measure system performance

I Establish priority of problem areaﬂ

Udentify contributing factors]

v

Measure the magnitudes of the effects

4

Identify the priority of contributing factors

v

Set the priority of goals for improvement

Figure 3. Diagnosis framework for analysis and synthesis of interdis-
ciplinary understanding of the irrigated agricultural system,
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the delivery of water and the social-organizational subsystem. These
subsystem interactions build the team's interdisciplinary understanding
of the irrigated agricultural system.

Figure 3 shows that the team needs to 1dentify and agree upon vari-
ables to measure system performance. Measurements of system performance
are compared to the potential or target performance for the system under
the existing conditions. The target performance is established with
the concurrence of the project operational managers. Judgments of high
and low performance are based on the difference between the actual leve]
of performance and the target performance.

Establishing the potential performance requires that the team concep-
tualize what a particular subsystem should be. This requires that the
team use previous knowledge and experience, and understanding of the
existing system, tou develop a definition of the potential performance
of the system. The target performance is less than the potential perfor-
mance 1f existing conditions suggest that constraints exist which prevent
the achievement of potential performance.

Priority problems are defined (Figure 3) where the difference between
the measured perforinance and the target or potential performance are
the greatest. Comparable measures of relative impact on improved perfor-
mance across objectives usually are based on yield or, more appropriately,
on improvement in return on investment. Where the goal 1s to make sub-
stantial improvements in the system, potential performance may be the
relevant comparisun since constraints caused by existing conditions may
be the priority improvements to make. In other instances, constraints
may need to be considered unresolvable for a time.

Areas of low performance constitute the priority problem areas.
The magnitude of the low performance is confirmed by having different
team members appraise the level of performance using their disciplinary
or interdisciplinary observations. Areas of high performance are studied
to ensure that the level of performance is maintained. Approaches that
result 1n high performance also offer ideas for improving Tow performance.

Identifying the contributing factors is achieved through field
studies of each area of low and relevant high performance (Figure 3).
The difference between target or potential performance and actual perfor-
mance is caused by contributing factors. Contributing factors are under-
stood by first defining what the subsystem and its performance should
be. This is a conceptual definition modified to consider the expectations
of farmers and officials. Then, what causes a level of performance is
defined by observing the actual subsystem.

An understanding of the causes is achieved by analyzing the subsystem
in the field using disciplinary and interdisciplinary concepts to define
the subsystem processes. The processes of the actual system are studied
to understand the causes of lcw or high performance. An engineer can
use the conservation of mass principle to identifv seepage losses as an
important factor in the inadequacy of water supplies at the tail of a
system. The sociologist can use organizational theory to define and
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understand the interactions of farmers with the bureaucracy that delivers
water supplies.

The magnitude of the effects (Figure 3) of contributing factors
needs to be measured. Measurements are made in the field to determine
the 1mpact of a particular contributing factor on level of performance.

A reduced flow at the field, for example, can be more carefully studied,
inu the factors that contribute to the low flow might bs identified as
seepage losses, spillage, stealing of water by other fammers, and inade-
quate delivery from the main system. The magnitude of the effect of
these different factors can be determined explicitly. Let us assume

that the team determines that the two most important factors are steal ing
water and seepage losses. These contributing factors are understood by
applying specific concepts and principles from each discipline. The
sociologist carefully studies water stealing and jointly establishes

the magnitude of the effect of stealing water by working with the engi-
neer, in terms of water diverted; with the agronomist, in terms of reduced
crop yleld; and with the economist, in terms of reduced income.

Identifying the priority contributing factors 1s done by considering
the results of the subsystem studies (Figure 3). In considering the
overall agricultural system, the team may find that inadequate and un-
dependable water deliveries at the field level are affecting productivity,
farmer incomes, and farmer willingness to improve management. Based on
this information, the team decides that improving the delivery of water
to the field should have high priority.

Priority goals for improvement are set (Figure 3) based on the
priority contributing factors for each priority problem area. A goal
for improvement is a statement of the condition -under which the priority
contributing factor will be resolved. In this example, the goals might
be to reduce seepage losses by improving the watercourse delivery system
and to reduce theft by helping farmers organize to enforce water rights
for all farmers. These fundamental goals could be more specifically
formulated by the organization responsible for implementing the improve-
ment program. The responsible organization could set a specific goal
of "reducing seepage losses in the canal to 15 percent," for example.
This organization would then develop plans to accomplish this goal.

Contributing factors often affect performance in more than one
area. For example, organizational constraints may affect main system
delivery and on-farm delivery in much the same way by reducing the ade-
quacy and dependability of water delivery. Howeve.,, the magnitude of the
effect and the actions contributing to the effect may differ. Similarly,
one goal (for example, organizing farmers to participate more effectively
Tn system management) may resolve several contributing factors.

The system diagnosis framework provides the structure and logic
for the interdisciplinary team to use to understanrd each subsystem of
concern using appropriate disciplinary and interdisciplinary concepts,
but focusing on developing interdisciplinary understanding. While inade~
quate water supplies may frequently be related tc seepage losses, supplies
are often affected by organizational constraints, economic 1imitations
of resources, lack of knowledge about crop water requirements, or other
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important factors. Thus, each discipline can bring the full power of
disciplinary understanding to a particular contributing factor. Whether
that particular factor is the focus of intensive study or not, however,
1s determined by whether or not the effect of the contributing factor

fs most important in terms of lowering system performance or assuring

high performance.

The system diagnosis framework increases interdisciplinary under-
standing of the system and facilitates teamwork. It is a key concept
of the diagnostic analysis methodology.
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III. METHODOLOGY FOR DIAGNOSTIC ANALYSIS

A.  INTRODUCTION

The methodology for dfagnostic analysis is an {ntervention in an
frrigated agricultural system. The purpose of diagnostic analysis is
to 1nitiate a process by which concerned organizationslO wil1 understand
priority problems and causes of the problems in irrigated agriculture,
and establish goals and strategies for improving system performance.
The ultimate purpose of a diagnostic analysis 1s to 1nvolve these organi-
zations in improving the management of irrigated agriculture. Thus,
this new methodology facilitates organizational change by developing an
understanding of the need for change and by initiating an organizational
process that subsequently plans and implements the improved or changed
management.

This section presents the essential processes of the methodology,
starting with the context for a diagnostfc analysis intervention, then
the overall planning for diagnostic analysis using the team planning
methodology, and finally the process of diagnostic analysis, The metho-
dology integrates the management, system, and diagnostic framework con-
cepts given in the previous section.

B. THE CONTEXT OF DIAGNOSTIC ANALYSIS

The diagnostic analysis methodology is applied where developing an
understanding of the performance of irrigated agriculture will faci]itate
Improving that performange. This understanding is needed for project
designs, sector reviews, project evaluations, diagnostic analysis training
workshops, senior officials workshops, and as a basis for improving the
management of irrigated agriculture through a process such as implementa-
tion p]ann1ng.ll The methodology of diagnostic analysis focuses on de-
fining areas of low and high performance so that improvements can be
effectively implemented and good performance can be sustained.

10concerned organizations at least include 1rrigation and agricultural
departments; credit institutions; agricuiturai extension; providers of
seed, fertilizers, and other agricultural inputs; and farmer organiza-
tions. Other organizations or departments should be involved also if
they have roles in irrigated agriculture.

llUs1ng diagnostic analysis results to improve the management of
Trrigated agriculture through implementation planning should have prior
commitment by key policy, executive, and operational managers. This
commitment involves making organizational arrangements and providing
funding to accomplish the improvement efforts developed in the implementa-
tion planning.
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l. Organizational Involvement

Organizational involvement includes gaining understanding about
improvement needs, planning for improvements in the irrigated agricultural
system, and improving management. These are actions requiring decisions
made by the key organizations involved in irrigated agriculture. These
organizations, therefore, are responsible for the overall planning and
implementation of the diagnostic analysis methodology. This respon-
sibility involves formally mandating the diagnostic analysis program at
the policy and executivs levels and obtaining commitment for involvement
from operational managers. This involvement of stakeholders and c]ientsl2
1s shown in Figure 4 for the various phases of the methodology. Muiti~
organizational involvement in multiple levels begins with the dfagnostic
analysis so that the results will have credibility and acceptance within
the responsible organizations. Ownership of the diagnostic analysis
and implementation planning by the involved organizations is essential
to the success of diagnostic analysis as an approach to organizational
change to improve the performance of irrigated agriculture.

Prior experience suggests that more effective studies and results
are obtained by using host country or expatriate consultants or a combina-
tion of both. Personnel in organizations related to irrigated agriculture
usually are not sufficiently trained to conduct a diagnostic analysis.
In addition, operational managers or a higher level of personnel would
need to be responsible for the diagnostic analysis. These individuals
usually do not have the time to train and implement a diagnostic analysis
Tn addition to their regular duties.

Traditionally, diagnostic analysis teams have had a combination of
host country and expatriate members (Figure 4), who have Jointly shared
responsibility for managing the diagnostic analysis workshops. Consul-
tants contribute knowledge about the diagnostic analysis process and
experiences from other systems or countries, and the irrigation project
team members contribute knowledge about irrigated agriculture in their
setting and specific disciplinary knowledge of their conditions. Involv-
ing project and related organizational personnel is an essential step
Tn building understanding for making improvements.

It is necessary for key policy officials to mandate the study if
the program is to succeed. This means Tnvolving host country Secretar-
fes of agriculture and irrigation and related ministries as necessary.
Key executives such as chief engineers and directors, and appropriate
donor officials should be involved. Selected key officials are also

12stakeholders are all organizations (represented by an appropriate
individual) that have a part in decisions made to improve irrigated
agriculture. Because they have a part in these decisions, they should
be involved in creating a common understanding of the problems. Clients
are the farmers and the organizations directly responsible for the diag-
nostic analysis. Donor organizations that finance the diagnostic analysis
or subsequent improvements are also clients.
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Involvement

Team Donor Host Country Officials Farmers
Phase Host  Officials
Expatriate Country Project Province  Capitol
|
Overall Plan AR BN NN 757 Y/
1l
Entry
Information Input  FRTH Y AR NN NN
Replanning AW N S /773 772
|
Rapid Dilagnosis
Field Study NN A AN 7
Replanning N 7 &
v
Detalled Diagnosis
Field Study NN NN NN SNNN NN NN ¥ A74
Analysis AN AR NN
Synthesis AaMSE . S NN
Report NN N <Y
v
Exit

/

Replanning NN NN X NN (777 7771 KN
Debriefing _ S SSS S N AN

Provides information for activity.
Y./ ZA Involved in activity.
NN Participates in activity.

Figure 4., Involvement of key stakeholders and diagnostic analysis team
In the diagnostic analysis methodology.

Tnvolved in identifying policy issues for consideration during the field
studies and in giving appropriate input and guidance near the end of
the study.

Operatinnal managers and field personnel actively participate in
the day-to-day field studies with the team. Interdisciplinary under-
standing is obtained by involving those organizations in the field studies
which have the disciplinary expertise needed to do an appropriate study.
The goal 1s to provide selected individuals in the key organizations with
direct field experience and understanding so that the leaders of the
organizations and the individuals involved feel they "own" the results
of the study.

2. Key Outcome of Diagnostic Analysis

The key outcome of a diagnostic analysis 1s an understanding of
the performance of the irrigated agricultural system and of the priority
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causes of low and high performance. Leaders and operational managers

of the involved organizations need to understand the causes of low and
high performance 1n order to know where to make improvements in facilities
and management. When the leaders and operational managers of organi-
zations have come to understand priority needs, some improvements have
usually been accomplished. The structure for diagnostic analysis provides
focused input to subsequent efforts by concerned organizations. They

cun then make needed improvements based on a common understanding of

the priority areas.

C.  DIAGNOSTIC ANALYSIS MANAGEMENT USING THE TEAM PLANNING METHODOLOGY

The diagnostic aralysis methodology uses the management framework
of the team planning methodology (Kettering, 1985; Levine. 1988) and a
process for diagnosis. The management concepts and framework of the
team planning mcthodology are contintously used to manage the overail
diagnostic analysis methodology and accomplish its objectives. Key deci-
stons that must be made before the overal]l planning begins are what
type of diagnostic analysis to use (diagnostic analysis or rapid diag-
nostic analysfs)13 and what 1s the overall purpose of the diagnostic
analvsis.

Whether to use a diagnostic analysis or a rapid diagnostic analysis
depends primarily on the amount of documentation necessary for organiza=-
tions to accept and plan needed program and organizational changes.

The amount of time and financial resources available also determine
whether to use a rapid DA or a diagnostic analysis. Rapid DAs are appro-
priate for project designs, project appraisals, sector reviews, senior
officials' workshops, and staff training, although longer diagnostic
analyses may be considered necessary for some of these applications,

1. The Overall Management Plan for Diagnostic Analysis

The team planning methodology as applied to the diagnostic analysis
methodology is presented in Table 2 as a series of phases. The team
planning methodology., with its concepts for management and a framework
for planning, {s used to manage the overall process of a diagnostic

13Diagnostic analysis includes both a rapid diagnosis and a detailed
diagnosis, which 1s necessary to more carefully document the priority
areas of high and low performance. The term "reconnaissance" conven-
tionally has been used in diagnostic analysis to designate the initial
review of field conditions to establish priority problems for further
study (Lowdermilk et al., 1983). In this discussion, the term "rapid
diagnosis" replaces "reconnaissance" 1n this meaning. (A diagnosis is
the field study phase that uses field data to establish understanding
of fleld problems.) Reconnaissance has also been used to designate a
process equivalent to rapid appraisal (Chambers, 1983), meaning a diag-
nostic analysis that {s accomplished in a few heurs or days, In this
discussion, rapid diagnostic analysis (rapid DA) is used as the term
equivalent to rapid appraisal. A rapid DA has a rapid diagnosis phase
and requires the same planning, team management, and organizational
Tnvolvement aspects used to accomplish a longer diagnostic analysis.
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analysis, including the involvement of clients and key stakeholders.
Since the information used for decision-making evolves during a diag-
nostic analysis, replanning based on new information is a key feature

of the overall process.
planning methodology.

A written plan 1s the key output of the team
Replanning before beginning each phase provides

an overall review of the remaining effort and a detailed plan for the

next phase.
gatned in that phase.

Each plan 1s based on the specific information and input
The replanning concept may be new to some readers.

Basically it signifies a flexible planning approach which encourages
revision of earlier plans as necessary.

Table 2.

The phases, focuses, and outputs of the management process
for application of ths diagnostic analysis methodology.

Phase

Focus

Qutputs

I
Overall
Planning

II
Entry

ITX
Rapid
Diagnosis

Iv
Detatled
Diagnosis

Exit

Team understands context, agrees on
purpose and outcomes, defines roles
and responsibilities, and develops

overall plan for managing interven-
tion,

Team collects information for plan-
ning the diagnostic analysis, ob-
tains guidance and a mandate for the
Tntervention, and identifies issues
and concerns for resolution.

Team conducts rapid diagnosis and
develops hypotheses of priority
problem areas for detailed diagnosis.

Team conducts detailed diagnosis of
site to identify priority problems,
contributing factors, and priority

goals for improvement.

Review fmplications of diagnostic
analysis results and recommendations
for {mproving management through
implementation planning.

Overall plan;
detailed plan for
entry

Rev ised overall
plan; detailed
plan for rapid
diagnosis

Revised overall
plan; plan for
detailed diag-
nosis

Diagnostic report
with recommenda-
tions for im-
provement

Plan and support
for implementa-
tion planning

The purpose and outcomes of diagnostic analysis are established

and agreed upon early in the planning process.

Diagnostic analysis as

presented 1n this paper focuses on providing information for implementa-
If diagnostic analysis was used for other purposes,
then entry and exit activities would reflect this change in purpose and

tion planning.

objectives.
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The initial phase is the development of an overall plan for the
intervention. The planning process involves the diagnostic analysis
team and the key clients (Figure 4). At this time, the supporting con-
cepts and processes for the methodology are reviewed and discussed.
The form the methodology shall take for the particular diagnostic analysis
1s agreed upon, and an overall plan for accomplishing the outcomes of
the diagnostic analysis 1s developed by the team. In addition; a detailed
plan for accomplishing the outcomes for entry is prepared. Immediate
next steps to continue the intervention are also planned. In addition,
to prepare for Phase II (entry), a detailed plan outlining roles and
responsibilities, activities to gather additional information, and needed
guidance and input for the field study is a key part of the planning.

Entry 1s the beginning of the organizetional involvement that is
necessary if the diagnostic analysis is to provide the impetus for organi-
zational change. Obtaining an organizationai mandate for the study and
the 1nvolvement of key personnel are essential parts of this phase. It
is important to collect information from key informants about organize-
tions, their roles in irrigated agriculture, and the problems considered
a priority. Background data about the irrigated area to be studied is
also collected at this time. Based on this updated information, upon
arrival at the site, a plan for the rapid diagnosis (Phase III) should
be completed during the replanning at the end of Phase II (Table 2).

The rapid diagnosis 1s completed as planned, using the diagnosis
framework (Figure 3). If the total time of the field study is to be
several days or weeks, one cr two days will typically be allotted for
the rapid diagnosis. Preliminary hypotheses of the key problem areas
or areas of low and high performance should be formulated from the back-
ground information collected during Phase II. During the rapid diagnosis,
frequent consultations about new problem areas should be conducted.

The purpose of Phase III is to develop initial hypotheses regarding the
priority problems areas and causes of low performance. These hypotheses
will be accepted or rejected based on the results of the data collected
during the detailed diagnosis in Phase IV (Table 2). The final output
from Phase III is the plan for the detailed diagnosis.

The detailed diagnosis (Phase IV) focuses on collecting field data
to define the areas of low performance and the factors which contribute
to the Tow performance (Table 2). Some hypothesized low performance
areas may not need extensive study to reject hypotheses formulated during
the rapid diagnosis. New areas of low performance may be identified
during the detailed diagnosis. Plans will need to be developed to collect
data to accept or reject new hypotheses.

Formulating the hypotheses is a small group process accomplished
by the interdisciplinary diagnostic analysis team. The team plans the
Interdisciplinary data collection, analysis, and synthesis. Interdisci-
plinary understanding is developed from the data collected to accept or
reject a hypcthesis after the data have been analyzed. Another purpose
for formulating hypotheses before collecting data is to restrict data
collection to a specific number of priority problem areas and contributing
factors.,
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Phase V (Figure 4 and Table 2) provides the results of the diagnostic
analysis to the key stakeholders, accepts their Tnput and guidance for
formulating final goals for implementation planning, and mandates the
Implementation planning process. A final report is submitted for use
by the involved organizations to provids information for any follow=-up
needed before implementation planning is initiated, and for use by the
involved organizations during planning and implementation of improved
management.

2. The Team Planning Methodology for Managing the Diagnostic
Analysis Team

The team planning methodology as applied to the diagnostic analysis
methodolcgy should be flexible to take intu account the resources avail-
able and the purpose of the diagnostic analysis. A management profes-
sional should facilitate the overall planning process. A person with
expertise in the team planning methodology should be one of the diagnostic
analysis team members. This provides the management expertise needed
in a diagnostic analysis.

The diagnostic analysis team members must be fully available and
involved in the team planning for the overall plan. Key client involve-
ment is also scheduled as needed. A written overall plan is the key
output of the team planning methodology. The understanding that the
team membhers and key clients gain about the purpose and outcomes of
diagnostic analysis is a major benefit of the process.

D. IMPLEMENTING THE DIAGNOSIS PROCESS

The diagnosis process is the heart of the diagnostic analysis me-
thodology. The diagnosis process is applied in Phase III for the rapid
diagnosis and Phase IV for the detailed diagnosis (Figure 4 and Table
2) to develop an understanding of the Trrigated agricultural system.
The diagnosis process uses the supporting management concepts, the
system concepts, and the diagnosis framework to measure system perfor-
mance 1n order to understand the causes of low and high performance.
This section presents how the management concepts, system concepts, and
diagnosis framework are used in a diagnosis process. The key activities
of the diagnosis process are also presented, and a schematic diagram of
the diagnosis process is presented in Figure 5.

The interdisciplinary team formulates hypotheses regarding the
areas of high and low performance and the priority contributing factors
for each area of performance. For rapid diagnosis, the hypotheses are
based on the information available fron reports, and the input from
donor and host country officials. For the detailed diagnosis, the hypo-
theses are formulated based on results of the rapid diagnosis.

The team uses the hypotheses to guide the data collection so that
enough understanding is gained to accept or reject the hypotheses (Figure
5). When planning for data collection, the team agrees on which perfor-
mance parameters to study, which variables to use to measure performance,
and which individuals or teams should collect specific data. The diag-
nosis framework 1s the guide for this analysis (Figure 3). The team
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also plans the collection of data to confirm contributing factors and
their magnitude. Provisions for necessary consultation during the field
visit, especially during a rapid diagnosis, are also agreed upon.

Diagnosis Process

Formulate hypotheses

*Review information
*Synthesize initial hypotheses

Make dlagnoses from field data:

*Areas of low and high performance
+Contributing factors and their magnitudes
*Accept or reject hypotheses

Synthesls of understanding

Figure 5. Diagnosis process for diagnostic analysis of irrigation
systems,

The initial hypotheses usually are not sufficient to identify the
priorivy areas for data collection. New areas of low or high performance
most 11kely wi1l be identified, or contributing factors may need to be
reJected or added during the field study. Consultations regarding pos-
sible changes in the initial hypctheses are particularly important,
especially during the rapid diagnosis. The team and subteamsl4 should
use the same process to reject a high or low performance area for further

l4pye to time constraints during a rapid diagnosis, plans to collect
specific data may need to be changed or developed. A full team meeting
1s frequently not possible. Therefore, subteams, such as the agronomist
and the engineer, the engineer and the sociologist, or the economist
and the agroncmist, may need to hold a short consultation and change
the plan.
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study and to define a new performance area. The contributing factors
should also be rejected or added using the same process.

At the conclusion of the detailed diagnosis, data analysis is com-
pleted 1ndividually or jointly by team members. Consultations among
team members should provide a growing, integrated understanding of system
performance and the factors which contribute to performance.

An 1interdisciplinary team synthesis process should be used to for-
mally accept or reject each hypothesis and priority contributing factor
(Figure 5). The result shouid be a statement on the problem or the
high performance area and the factors which contribute to the perfor-
mance, including the magnitude of their effects. During the analysis
and synthesis process, the team should consider the disciplinary and
interdisciplinary concepts and processes that provide an understanding
of the subsystem(s), the subsystem interactions, and the integrated
system,

Overall priorities need to be established according to specific
criteria., Effect on yield is often an important factor in establishing
overall priorities. Farmers' and government officials' perceptions and
concerns also play a role. Choosing available and visible solutions is
useful because they may affect the initiation of a development effort.
Farmers and government officials may benefit substantially from initial
successes through visible solutions (Clyma, Lowdermilk and Corey, 1977).
It may not he possible to resolve some problems or contributing factors,
and these may need to be considered constraints. Usually, this decision
should not be made by the diagnostic analysis team. It is an issue for
policy decision makers in the involved organizations to make during the
subsequent implementation planning.

Diagnostic aralysis does not explicitly plan for the implementation
of solutions. Instead, the synthesis of understanding (Figure 5) gained
from the specific contributing factors glves the team insight from which
they can recommend approaches to solutions. The process of understanding
the cause by analyzing with farmers and officials what currently exists
Tn the system and what should exist in the system is important when
later considering solutions. The problems and their alternative solutions
need to be defined and planned by the organization and personnel who
will implement the solutions. An organizational mandate to plan solutions
to the most important problems requires policy support. A process of
involving the key personnel in irrigated agricultural organizations in
a problem definition, problem-solving, and p]ann1nf process 1s the heart
of implementation planning (Jones and Clyma, 1988)I5 There is not suffi-
cient time during diagnostic analysis to plan future activities, nor is
this process the purpose of diagnostic analysis.

151f solutions arrived at during implementation planning require
additional data or some form of testing to evaluate alternatives, this
additional data collection and testing should be an explicit part of
the planning for soiutions. Alternative approaches to defining solutions,
Tncluding direct solutions, have been out]ined by Clyma, Lowdermilk and
Corey (1977).
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E.  IMPLEMENTING THE METHODOLOGY FOR DIAGNOSTIC ANALYS1S

The methodology of diagnostic analysis is presented in Figure 6.
It includes the key concepts and the diagnosfs framework, which are
integrated to accomplish the diagnosis. The diagnosis process guides
the application of the concepts within the overall management plan (Figure
6 and Table 2) for a particular diagnostic analysis. The concepts and
process should be reviewed and agreed upon by the diagnostic analysis
team during the overall planning. At the same time, the team should
also review and agree upon the framework (Figure 3) and process for
diagnosis (Figure 5) of the irrigation system. A preliminary review is
all that is nescessary to reach agreement during the overall planning.
Agreements on the specific concepts and processes for each phase are
agreed upon and planned during the replanning for each phase.

Overall
Plan &
Diagnosis
Pr

System
Concepts

Management
Concepts

Integration

Diagnosis

wration
Diagnosis Disciplinary
Framework Concepts &

Principles

Diagnosis
Process

Management
of Plan

Figure 6. The methodology of diagnostic analysis.,
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The process the team will use to reach consensus on the concepts,
framework, and process should be agreed upon for sach new study. Thus,
overall planning would provide agreement on the overall concepts, frame-
work, and process. The planning for the rapid diagnosis would provide
more specific concepts, a framework, and process; and planning for the
detailed diagnosis would provide the most specific concepts, framework,
and process. Day-to-day planning would revise and update the concepts
and framework applied du ing the stud:. This flexibility in planning
s needed given the dynamics of the diagnostic analysis process.

The Togic followed in conducting a diagnostic analysis directly
builds on the concepts for managing a system. Ths system objectives
are estab’lished during overall planning and conf{rmed during entry (Table
2). These are reviewed and revised during replanning 1n each phase.
The performance parameters and the variables to measure to determine
performance are the next important decisions and are revised to become
more spacific as the planning evolves, Initially suggested during the
overall planning, they are made more specific for the rapid diagnosis
and again for the detailed diagnosis.

The overall management plan is the basis for implementing a diag-
nostic analysis (Figure 6). Whether the diagnostic analysis is a rapid
DA, a diag~nostic analysis study, or a diagnostic analysis workshop
will influence the priorities and time allotments for accompl ishing the
study. In this section, we discuss considerations concerning the diag-
nostic analysis study and then the rapid DA. A diagnostic analysis
workshop fmplements a diagnostic analysis study, but accomplishes training
goals at the same time.

1. The Diagnostic Analysis Study

The overall management plan for the diagnostic analysis study {is
developed using the team planning methodology (Kettering, 1985; Levine,
1988). The overall plan establishes the context in which the diagnostic
analysis is to be accomplished. The planning can occur initially within
the donor country if an expatriate team is involved, would occur at
central headquarters in the host country if the host country is managing
the diagnostic analysis, and can be held in abbreviated forms in both
1f there are joint teams involved in the study.

The team establishes roles and responsibilities, agrees on purpose
and outcomes for the diagnostic analysis, and then plans how the diag-
nostic analysis will be accomplished. The concepts, framework and process
for the diagnostic analysis are agread upon explicitly as suggested
previously. Roles and responsibilities are revised according to the
plan. Monitoring and evaluation of the accompl ishment of plan objectives
and interim targets are also specified.

During the rapid and detailed diagnoses of the system (Table 2),
daily analysis and synthesis of findings should be done on a preliminary
basis. These results are discussed in the daily team meetings where
next-day plans are finalized, logistical arrangements are considered
and decided, and replanning is done if preliminary results suggest that
the overall plan needs revision. Interdisciplinary analysis and synthesis
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of the preliminary data begins to build the understanding of the system
and identifies key questions that each discipline and the team must
address i1f the system is to be adequately understood.

As the detailed diagnosis approaches an end, the overall analysis
and synthesis plan is developed and initiated (Table 2). This involves
individual disciplinary analysis of data, joint analysis of some data
between appropriate disciplines, and interactions among all disciplines
to integrate the interdisciplinary understanding. When data analysis
1s complete, the team uses a small group structured process to systema-
tically define problems. A1l disciplines should be present in each
problem definition process.

Initially, brainstorming is used to define problems. Then the
team uses the diagnosis framework to integrate contributing tactors, iden-
tify and agree upon their magnitudes and priorities, and suggest strate-~
gles for resolution. This process 1s where Tnterdisciplinary under-
standing is developed and the understanding needed to solve the pro-
blems 1s initially defined. In the authors!' e»periences, the understand-
1ng developed from the Tnterdisciplinary interaction is unique to the
diagnostic analysis process. The disciplines challenge each other to
deepen their 1ndividual understanding and achieve a more effective inter-
disciplinary understanding than {is possible with less structured pro-
cesses.

The results of the team analysis and synthesis are captured on
flipcharts. These are typed as the analysis and synthesis proceeds and
are reviewed for clarity and completeness. Writing assignments are
then defined. Selected individuals prepare sections of a final report
for distribution to various audiences. Typical reports that should be
considered are executive summaries for key policy administrators, descrip-
tive summaries for technical leadsis and executive administrators, and
a detalled report to preserve the results of the study for interested
water management professionals. Recommendations for future action come
from the problem resolution strategies developed by the diagnostic analy-
sis team.

An evaluation of the diagnostic analysis study should be completed
at this time to identify gaps in the overall plan as it was initially
developed. Suggestions for improving the diagnostic analysis process
should be developed, and the next steps to take for any continuing studies
should be identified. Debriefings with the key clients should be planned
and implemented at the project site and at the project headquarters.
Any next steps that follow the recommendations should be explicitly
agreed upon. An implementation planning program should be identified
and agreed upon, and the immediate next steps are planned for Initiating
the program.

2. The Rapid DA
A rapid DA may be the only study of the system that is permitted

because of time and other resource constraints. The diagnostic analysis
process 1s adapted 1n a rapid DA to reflect the 1imited time available.
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A comparison of the activities for a diagnostic analysis study and
a rapid DA is given in Table 3. The overall planning and entry phases
have the same considerations. However, the specific outcomes and result~
ing activities are different to reflect the shorter time available.
The rapid diagnosis (Phase III) is different in the rapid DA as compared
to the dfagnostic analysis workshop or study. Instead of replanning
for a detailed diagnosis, the team would prepare reports synthesizing
information and including recommendations.

The initial hypotheses developed for a rapid DA should be formulated
as effectively as possible based on published information and interviews
with knowledgeable personnel. The field visit should focus more on
Tndicators of system performance and interviews with farmers and system
personnei. It is important that the team members frequently consult
each other to confirm their understanding of the priority problems and
causes identified. The basic structure of the diagnosis process is
maintained in a rapid DA, but the amount and quality of data on which
to base conclusions are 1imited. The Interdisciplinary analysis and
synthesis process for a rapid DA is the same as for that completed after
a detailed diagnosis.

The detailed diagnosis is not done in the rapid DA. Typically,
detailed field studies extend from several weeks to a year., These de-
tailed data provide a more definitive understanding of the needs for
Improvament. The exit phase (Phase V for diagnostic analysis and Phase
IV for the rapid DA) 1s the same. Reports and planning for follow-up
are equally appropriate.

The use of the data may suggest that a rapid DA is appropriate.
Willingness of the concerned organizations to identify needs and to
plan programs of change based on data from a rapid DA could make this
data an appropriate input to implementation planning. Prior experience
suggests that data need to be carefully documented 1f the organizational
changes planned are to be substantial and significant.
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Table 3. Comparison of activities for diagnostic analysis and rapid

DA.

Activity/Phase

Diagnostic
Analysis

Rapid DA_

PHASE I: Overall Planning
Understand context
Agree upon purpose/outcomes
Define roles and responsibilities
Establ1sh overall plan
Plan next steps for entry

PHASE II: Entry
Mandate for study
Information for planning
Guidance for {ssues/concerns
Replanning for Phase III

PHASE III: Rapid Diagnosis
Form hypotheses
~Review information
~-Synthesize initfal hypotheses
Diagnosis from field data
-Areas of high and Tow performance
-Contributing factors and their magnitudes
-Accept or reject hypothesis
Synthesize understanding
Replan detailed diagnosis
Prepare reports/recommendations

PHASE 1IV: Detailed Diagnosis
Formulate hypothesis
~Review information
-Synthesize inftial hypotheses
Read diagnosic from field data
~Areas of high/low performance
~Accept or reject hypothesis
Synthesize understanding
Prepare reports/recommendations

PHASE V*: Exit
Review diagnostic analysis results/
reconmendations
Implement planning mandate/input
Initial plans for implementation planning
Immediate next steps

XXX X XXX XX

x =

XX XXX

xX x

XK XX X

XK X XX

>xX X XX X X XXX X X

XX X X

>

XK X X X

*Phase V of the detafled diagnostic analysis {is Phase IV of the

rapid DA.
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Iv. APPLICATION OF THE DIAGNOSTIC ANALYSIS METHODOLOGY

A. INTRODUCTION

: The purpose of this section is to describe the application of the
diagnostic analysis methodology to an irrigation system. The applica-
tion process follows the phases outlined previously for the overall
plan for the methodology (Table 2) and focuses on a discussion of the
application of the framework and process of diagnosis.

Before the decision is made to initiate a diagnostic analysis of
an irrigation system, irrigated agricultural organizations will have
collected some preliminary information and will have done some planning.
Also, the purpose of the diagnostic analysis will have been agreed upon
by the involved organizations and key clients. The structure of diag-
nostic analysis presented here assumes that the purpose of the diagnostic
analysis results 1s to serve as input to fmplementation planning.

Once the decision is made to conduct a diagnostic analysis, the
methodology of diagnostic analysis is applied in a sequence of five
phases. The following sections discuss specific aspects of the appli-
catfon of the diagnostic analysis in these five phases (the overall
plan, entry, rapid diagnosis, detailed diagnosis, and exit).

B. PHASE I: THE OVERALL PLAN

The team planning methodology is applied to diagnostic analysis as
a structured, prenlanned process to communicate the important aspects
of accomplishing a diagnostic analysis study and to develop an overall
plan. An infinite number of specific pians could be developed for diag-
nostic analysis. Thus, in application, the diagnostic analysis metho-
dology assists in making the diagnostic analysis complete and helps the
team build on prior experiences without 1imiting the specific innova-
tions that the team may wish to implement.

A key aspect of overall planning is that the team must 1dentify
the purpose, outcomes, approaches, and concepts to be used in each phase
of the diagnostic analysis. As each phase is planned in detail, the
team must agree on how these concepts and approaches should be used to
complete that phase of the diagnostic analysis. Planning the purpose
and objectives of the diagnostic analysis and agreeing on approaches
and concepts allows individual team members to contribute their knowledge
and experience to each study.

1. Overall Purpose and Objectives

How the results of the diagnostic analysis will be used, and in
what context, define the specific objectives to be achieved. The purpose
of many WMS II and prior experiences with diagnostic analysis was to
train personnel while conducting a study. These are conflicting objec~
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tives, and priorities must be established 1f either is to be success-
fully completed. In these past efforts, the highest priority was given
to training objectives so that participating personnel would learn the
concepts and the process well. A diagnostic analysis must be completed,
however, 1f the process is to be learned. Thus, some compromise was
made 1n the quantity and quality of data collected to ensure that the
quality of training was adequate.

How the results of a diagnostic analysis will be used, and in what
context, also determine the priority given to data collection as an
objective and the lTength of time to allot for the diagnostic analysis.
For example, if a major redirection of effort by concerned organiza-
tions is expected to result from a diagnostic analysis, then careful,
substantive data must be collected. Further, a longer period of time
will be required to collect the data -- perhaps a season or a year. On
the other hand, sufficient understanding can be generated from a rapid
DA to use for a project design. When training teams in field data collec-
tion and analysis and synthesis, usually two or three weeks are spent
in the field.

How the results are to be used will also affect strategy because
the understanding of the system gained must fit the anticipated use.
The expertise of the personnel (expatriate and host country) influences
how a diagnosis 1. conducted. Personnel with more experience and exper-
tise may use more qualitative methods to understand the system, parti-
cularly 1f only a short time is available for the diagnosis.

Financial and logistical support are determined by the personnel
defined, the organizations involved, the type of study to be conducted,
the duration of the study, and how the results are to be used. If per—
sonnel are mandated by their organizations to conduct the study or parti-
cipate in the training and are relieved of other duties, direct costs
may be lower. If organizations make transport, facilities and equipment
available, this lowers direct costs still further. Having these same
organizations be responsible for logistical support will help to ensure
that support is appropriate. Some expatriate assistance and specializ-
ed equipment will require additional financial and logistical support.

2. Overall Approach and Concepts

The team's agreement on an overall plan, including roles and respon-
sibilities, 1s an important part of the plan. The team must understand
and agree upon the disciplinary knowledge and skills expected of each
team member and how each team member is expected to contribute to the
study. Also, the team should begin to identify team management and
interdisciplinary strategies. The team should review these agreements
at least once during each phase, 1f not more frequently.

The team should review concepts and approaches used previously by
the team memberc, .nd the purpose and objectives of the specific irri-
gation project should be tentatively identified and reviewed with key
clients in subsequent phases. Approaches to disciplinary and interdis-
ciplinary analysis and synthesis should be reviewed and tentatively
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planned. The team should agree on the role of farmers in the study and
should establish guidelines for working with farmers.

3. Planning for Phase II

A detailed plan for Phase 1I is developed during the overall planning
phase. This plan should identify the purpose and outcomes for Phase
II, the approach for collecting information, how to obtain input and
guidance from the key clients, and a process for analyzing and synthe-
sizing the information as it is collected in preparation for replanning
Phase III.

Obtaining the agreement of the key clients regarding the planned
outcomes for the diagnostic analysis is important. The team and the
key clients should identify policy and program issues that need resolution
at the field, operaticnal management, executive, or policy levels. Each
Tevel in every involved organization may also have issues to raise that
the team w111 need to consider in the field study. In addition, some
Tssues may bo raised 1n areas for which no organization has responsi-
bi11ty. For example, in many countries no organization exists that is
responsible for dealing with on-farm water control or for farmer organiza-
tions. Individuals or organizations may be assigned these roles, though
these assignments may last only for the duration of the study.

C. PHASE II: ENTRY

Phase II (Table 2) is structured to provide information about the
diagnostic analysis to all involved organizations which may be signi-
ficantly affected by the results. At the same time, desired involvement
and information about irrigated agriculture, the organizations' roles
and responsibilities, and any other issues of concern should be {denti-
fied. Further, any personnel involved in the diagnostic analysis should
receive a mandate for their involvement from each appropriate level
within their organization.

The organizations responsible for the diagnostic analvsis and its
results must be identified and confirmed during the entry process.
Decisions regarding the scope and depth of the study need to be made by
the relevant organizations so that the results will be adequate for
their needs. Whether to follow the diagnostic analysis with an imple-
mentation planning program or other alternative should be reviewed and
conf irmed, depending on the status of the agrezment with the key cli-
ents. In many instances, knowledge of general problems may be suffi-
cient to reach an agreement about follow-on programs at a general level,
In other instances, the implications of the diagnostic analysis results
to a program for management improvement may need to be discussed during
the exit phase of the study.

General and specific information about the study site needs to be
made available during Phase II. In previous diagnostic analysis work-
shops, formal lectures from key individuals from the related organiza-
tions have been given during the planning phase so that trainees could
obtain relevant information and become involved. This strategy pro-
vides a basis for subsequent involvement if needed.
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The focus of the above efforts is to collect, analyze, and syn-
thesize relevant information, and make 1t available to the team and
participants. Prior experience suggests that using small group pro-
cesses to analyze and synthesize the information gained during entry,
capture them on ilipcharts, and type them in draft form for subsequent
use by the team is an important strategy for accumulating and making
relevant information available. Otherwise, information gained during
the entry may not be processed or made available to all team members.
Debriefing after each interview 1s an important activity for each inter-
view team or individual.

The team will use this information to replan Phase III, the rapid
diagnosis. The understanding of the objectives of the system under
study also must be provided as input to the replanning. While informa-
tion overload is one concern, the team and participants should not have
to "re-invent the wheel." The goal is to provide specific information
about all priority concerns identified in the overall plan in Phase 7,
as well as any important concerns identified during the entry phase.

Replanning Phase III involves reviewing the overall plan and deve-
loping specific plans for the rapid diagnosis. The diagnostic analysis
team needs to provide time to review ard agree upon the key management
and water management concepts to be used. The knowledge and experience
of team members, the diagnostic analysis manuals (Lowdermilk et al.,
198 ; Fowler, 1988), and the specific site conditions will influence
these agreements. Another important aspect is to specifically plan the
procedures for the rapid diagnosis by building on the general process
of dlagnosis and the diagnosis framework presented earlier. The specific
plan for Phase III is a priority outcome of the replanning effort in
Phase I,

The information provided in the next sections on completing the
rapid diagnosis and the detailed diagnosis forms a more adequate basis
for planning the rapid diagnosis. Because of the need to do specific
planning for a specific study, the team should review the overall diag-
nostic analysis methodology to adequately plan each phase of the process.

D. PHASE III: RAPID DIAGNOSIS
1. Formulating and Testing Hypotheses-

The diagnosis process (Figure 5) involves gathering information
about an irrigation system to formulate tentative hypotheses of the
areas of low and high system performance., Most studies of irrigation
systems gather data too extensively and too intensively. The result is
extensive amounts of data that do not address the problem areas. The
purpose of the rapid diagnosis of the system 1s to confirm or reject these
tentative hypotheses and formulate new hypotheses based on field observa-
tions. The purpose of gathering data to accept or reject the inftial
hypotheses is to focus the data collection effort in the detailed diag-
nosis (Phase IV, Table 2).
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Previous information may indicate the potential problem areas for
formulating the initial hypotheses. Problems from one system to another
within a country and around the world are sometimes similar. However,
the magnitude of the problem and the factors that contribute to the
problem frequently differ from system to system. Thus, Tow productivity
usually occurs in most irrigation projects, but the priority causes of
1t may be lack of credit, lack of knowledge about a specific production
practices, inadequate and untimely avaflability of seed, and so on. The
factor which is most important in a particular setting is often unique
Tn terms of its priority and the way it combines with other factors.

When only a rapid DA is planned, then the initial hypotheses may
need to be formed and accepted or rejected during the same field visit.
This 1s accomplished by an early formation of the hypotheses and the
subsequent gathering of data to accept or reject the hypotheses. A
rapid DA team wil1l usually collect indicative data to reach conclusions
because of the time constraint.

The importance of formulating hypotheses and testing them is of
value 1n addition to restricting and focusing data collection. Inter-
disciplinary interaction needs a firm basis on which to plan and build.
Planning and interactions to identify initial hypotheses for areas of
low and high performance develop Tnterdisciplinary understanding. Data
collected by each discipline individually or jointly is analyzed and
synthesfzed by the discipline(s) and the team to contribute to the under-
standing needed to confirm or reject the hypothesis.

2, Using the System Diagnosis Framework in the Rapid Diagnosis

The system diagnosis framework (Figure 3) {is the basis for guiding
the team in {dentitying areas of low and high performance and in formu-
lating hypotheses. The team should review the system objectives pre-
viously confirmed in the entry phase. For the particular system or
subsystem studied, the team should define the objectives of the system
or subsystem and 1dentify and agree on performance parameters that will
adequately measure system performance. Variables for measuring system
performance (indicators, 1f a rapid DA 1s performed) are identified and
agreed upon, and responsibilities are assigned for making measurements.
This requires an interdisciplinary definition of the total frrigated
agricultural system by.the team. Table 4 gives scme example performance
parameters for the four objectives of irrigated agriculture and their
related subsystems.

3. Defining Performance Parameters

Productivity may be measured in ratios of actual to potential yield,
or the actual variation in yleld may be used as an indicator for rapid
DA. In some systems, variation in yield may be of critical importance.
Careful consideration should be given to establ ishing potential yleld
since system constraints may 1imit even experiment stations yields.
Potential yields can be defined in terms of the maximum yilelds achieved
by farmers, average experiment station yields, or ylelds on other nearby
irrigation systems. In many countries, the best farmers frequently
have yields 50 percent higher than experiment station yields.
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Resource conservation should be explicitly evaluated by measuring
degradation of the soil, water, facilities, or other factors. The rate
of deterioration is usually of Tmportance. New projects may not have
much effect in terms of waterlogging, but 1f the water table is rising
rap!dly, waterlogging and resulting salinity can be expected to contribute
to Tow performance in the future. Suggested performance parameters are
given in Table 4.

The profitability of investments in Trrigation and on~-farm facilities
are important considerations in system performance. If farmers cannot
make a profit, then an overall return on investment is not possible except
through a direct or indirect tax. The problems that result in low perfor-
mance often are the chief factors that contribute to l1ow returns to
farmers, One exception 1s when markets arc a direct factor in low re-
turns. The performance of farms in terms of net returns and appropriate-
ness of investments are an important consideration,l6

Much effort has been invested in defining performance parameters
for the water control system, which includes the main and on-farm systems
(Mohammed, 1987; Gates, Ley and Clyma, 1981), These suggested parameters
(Tab" 4) vary for specific circumstances, such as continuous flow and
rotation or demand systems. Other parameters may be appropriate.

The framework for diagnosing the performance of an irrigation system
1n achieving the emphases for irrigated agriculture is presented in
Table 5. Farmer participation is important because farmers will be
involved in the distribution of water -- whether for their own personal
benefit or for the benefit of the group or project. Farmers will be
involved in accessing agricultural inputs and services in a similar
manner. Therefore, farmers should be involved in managing irrigated
agriculture such that overall performance improves.

Evaluating the appropriateness of farmer involvement involves con-
sidering whether or not information or services are available to farmers
1n adequate quantity, in a dependable manner, through an equitable process
(Table 5). When key decisions are made about issues related to inputs
and services, are farmer concerns and needs identified and addressed?

When the ability of farmers to make appropriate management decisions is
constrained by a lack of information or services, then farmer involvement
s not sufficiently emphasized.

Organizational coordination is viewed as an Information flow system.
Thus, equity, dependability, and adequacy of the information flow can
be evaluated. Organizational coordination is Important {f the project
s to be managed for a high level of performance. The key 1is to ensure
that information for decision making and collaboration is gathered and
made available so that appropriate decisions can be made. When poor
management decisions are made, often the cause is a lack of Information

16Many Trrigation systems are farmer owned and operated, not to
mention millions of open wells and tubewells. Farmer returns on invest-
ment 1n these systems are often high compared to government-managed
gravity systems.
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Table 4. Framework for diagnostic analysis of irrigation systems with
a management focus for system outcomes,

Key
Management Performance
Quicomes Subsystem Parameters
Productivity of Field Yield, cropping intensity,
agriculture and variance in yield,
cropped area
Farm Same as field subsystem
System Same as field subsystem
National Same as field subsystem
Resource conservation Field Salinity level, water-
logg’ng, erosion, sedi-
mentation, fertility,
structural degradation,
seawater Intrusion
Farm Same as field subsystem
System Same as field subsystem
National Same as field subsystem;
permanent (sustained)
agricul ture
Return on investment Farm Net returns
Cooperative Same as farm
System Return on investment
National Return on investment; social
returns
Water control for Main Volume; flow and time for
- equity varfance of outlet Qs; ratio
- dependability of actual water delivered/
- adequacy scheduled delivery; ratio of
actual supply/designed
supply
Farm
-~ delivery Same as main subsystem
~ application Defined efficiencies
- water use Stress 1ndex
- water Water content of soil and
removal water level for optimum
yield
National A1l of above; return on

{nvestment
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or collabcration. Thus, a cause of low wroductivity may be poor cnor=-
dination and not ignorance on the part of a farmer. Organizational
performance should be reviewed in terms of whether or not decisions are
made by the appropriate organizations to ensure good management. Many
approaches to measuring performance are appropriate for organizational
coordination.

Table 5. Framework for diagnostic aralysis of an irrigation system
with a management focus for the necessary emphases.

Key
Management
Emphases Subsysten Performance Parameters
Farmer participation Farmer#* Information and services for
~ equity decision-making and management
- dependability
- adequacy
Organizational Farmer Same as above
coordination
Farmer organi-  Same as above
zation
Irrigation Information and decision-
Department making for farmer iavolvement,
- planning agency technical decisions,
- design and organizational coordination

- construction and management
-~ management

Agriculture Same as Irrigation Department
Department
- extension
- on-farm water
management
- inputs
- other services

Planning and Same as above
development

Private sector Same as above
- seeds

- fertilizer

- other services

*¥Individual farmer decision-making is a key area for understanding.
The farmer also represents the basic subsystem in the socio-organiza-
tional system. A sample of farmers 1. used to define this subsystem.
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Additional performance parameters can be identified besides those
11sted 1n Tables 4 and 5. Additional suggestions for using these frame-
works can be developed for each subsystem. Examples of the use of the
framework for each of the subsystems in particular is given in Appendix
B, which provides examples of how objectives, performance parameters,
contributing factors, and magnitude are used in diagnosis.

4. Analysis and Synthesis of Information

Upon completion of the rapid diagnosis, disciplinary and interdis-
ciplinary analysis and synthesis are initiated. If a detailed diagnosis
follows the rapid diagnosis, analysis and synthesis in Phase III consists
of accepting or rejecting the hypotheses defined for the reoid diagnosis.,
Subsequent efforts focus on developing an understanding in order to
formulate the hypotheses to be tested during the detailed diagnosis.
These hypotheses are the basis for replanning the detailed diagnosis
(Table 3).

If only a rapid DA is to be completed, the analysis and synthesis
1s used to define the performance of the system, the priority contributing
factors and their magnitudes, and recommendations for improvement. The
analysis and synthesis efforts are the basis for dist1111ng understanding
from the rapid DA and for completing the diagnostic analysis reports.

5. Replanning Phase 1V

Phase III ends with developing hypotheses of the priority problems
and thelir priorfty contributing factors and magnitudes. Phase IV is
replanned to reflect the specific data collection needed to accept or
reject each hypothesis.

The hypotheses are developed as indicated in Table 6. This example
1s representative of a number of systems previously studied. Contributing
factors may change from system to system, and their actual magnitudes
may also change. The magnitudes would be estimated at this point based
on 1imited measurements or approximate estimatss of existing discharges.
The causes are also just an inftial identification.

The above process needs to be repeated for each hypothesis state-
ment for each area of low or high performance identified during the
rapid diagnosis. Note 1n Table 6 that watercourse losses were related
to contributing factors that were defined by all team members but the main
system engineer. Most 1ikely, actual flows at the field also would be
affected by main system management. Thus, another contributing factor
to watercourse losses could have been the 1nadequacy and unreliability
caused by variations 1n the flow measured in the distributary canal.

The replanning for Phase IV includes planning how each team mem-
ber, individually and collectively, will collect data to substantiate
or reject the hypotheses. Perhaps the engineer, agronomist, and economist
will need to carefully coordinate data collection in order to document
the effect of differences in water supply on ylelds and incomes, The
engineer and sociologist may need to carefully coordinate data in order
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to develop an understanding of the knowledge and skill constraints 1imit-
ing farmers in accomplishing adequate maintenance.

Table 6. Example hypothesis statement for verification during the
detailed study.

Hypothesis: Watercourse losses are approximately 50 percent, with
farmers at the tail receiving 20 percent or less of the
head supply and the flow ranging from 0 to 5 times the
average, resulting in an inadequate, undependable, and
inequitable water supply.

Contributing Factors and Their Magnitude:

1. Seepage losses, leakage, and spills contribute 75 percent of the
loss caused by inadequate maintenancs.

2. Unauthorized use by upstream farmers constitutes 25 percent of
the loss caused by conflict and inadequate cooperation among
farmers.

3. Inadequate understanding of the magnitude of the loss and the
causes contribute to farmers inability to cooperate to reduce
the loss.

4. Inadequate knowledge and skills of farmers to do maintenance and
to organize for cooperation, lack of a legal authority, and in-
adequate assistance in organizing contribute to farmers inability
to organize to do maintenance.

5. At the tail, cropping intensities are one-half, yields are 50
percent, and incomes of farmers are one-fourth of farms at the
head.

6. Some farmers are aware of the problem, most farmers are willing
to work together to improve maintenance if benefits are suf-
ficient, and some farmers are willing to organize if given
appropriate and sufficient assistance.

7. Government agencies are unaware of the magnitude of the problem
and have an inadequate understanding of the factors that contribute
to the problem.

If time and resources are not available to obtain the thoroughly
detailed understanding needed to provide a good basis for planning im-
provements, the first diagnostic analysis may have to settle for identify-
1ng general causes or contributing factors and their magnituds. For
example, watercourse losses may be defined, but whether they are caused
by seepage, spillage, or leaks may not be determined.
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The replanning follows the team planning methodology to define
context and goals and plan their achievement. The interdisciplinary
analysis and synthesis follows the same process, which facilitates group
Interaction, agreement, and understanding.

E. PHASE IV: DETAILED DIAGNOSIS

During the detailed diagnosis, the team carries out the plan de-
veloped in Phase III. The methodology of diagnostic analysis 1s applied
using the framework for diagnosis and the previously defined concepts.
Examples of how the diagnosis 1s accomplished is presented in Appendix B.
Each subsystem is diagnosed for Tow and high performance areas and the
contributing factors. 1In the process, priority contributing factors are
1dentified for each performance area.

As an example, watercourse losses may be identified as a priority
contributing factor., Watercourse losses contribute to 1nadequate water
control; are an important factor in the management decision-making of
farmers, both as individuals and as an organization; and have serious
impacts on the crops planted, the varieties used, the inputs provided,
and the resulting yields and incomes attained.

During the detailed diagnosis, regular and frequent team meetings
are conducted to revies accomplishment of plans or to adjust plans as
additional information is gained and better understanding is achieved,
Some hypothesized problem areas may be rejected as a high priority and
data collection stopped in that area. Priority contributing factors
may be rejected, or new priority contributing factors may be added.
Data collection for a particular contributing factor may be 1imited
because of time constraints or other reasons. These decisions need to
be made by the team.

The priority problem areas and priority contributing factors define
what data are to be collected. Additional data in other areas are not
collected unless the area is determined by the team to be a priority.

As an example, if elevation and slope do not appear to contribute to
watercourse losses, then the engineers need not survey the watercourse.

If castes or family groups do not appear to be a basis for farmer conflict
or cooperation, sociologists need not collect data on these relationships.

Upon completion of the detailed diagnosis, the team initiates disci-
Plinary and interdisciplinary analysis and synthesis., The irrigated
agricultural system was defined at the beginning, with purpose and out-
comes agreed upon. Now, the performance of irrigated agriculture is
defined based on the results of the field studies. The priority con-
tributing factors are initially definad during a small-group brainstorming
process involving the interdisciplinary team. Magnitudes are agreed
upon based upon the specific data available.

Most professionals in irrigated agriculture have had 1imited ex-
perience in interdisciplinary analysis and synthesis of data. The authors
repeatedly have been impressed by the understanding developed during
interdiscipl inary team activities, especially the synthesis process.
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The understanding developed from the diagnostic analysis is used
by the team to identify strategies for resolving the priority problems
and contributing factors. These strategies become recommendations for
resolving the problems to improve the performance of irrigated agricul-
ture. The synthesis of strategies for resolving problems 1s accomplished
immediately after the priorities for improvement are synthesized. Since
these strategies are approaches to resolving the problems only, the
team does not attempt to suggest detafled activities. Because of the
knowledge and experience gained from the diagnostic analysis at this
point, the team's purpose is to capture this understanding (in written
reports) in order to plan approaches to resolving key problem areas.
This completes Phase IV of the diagnostic analysis.

F. PHASE V: EXIT

The purpose of Phase V is for the team and the officials and con-
cerned organfzatfons to develop and agree upon plans for initiating an
implementation planning process to improve the performance of irrigated
agriculture in the study area. Findings a.d recommendations from the
diagnostic analysis are reviewed. Information is prepared for briefings,
and meetings are scheduled. How to initiate the next steps for implemen-
tation planning to improve the management of irrigated agriculture is
planned.

The plan is a structure to provide to key officials a new under-
standing of the problems and specific factors that contribute to these
problems. An understanding of the magnitude of the effect of contri-
buting factors has been found to be an important emphasis in briefing
senfor officials. A plan for the scope, process, approach, and objectives
of implementation planning is developed. Agreement to initiate the
process {s one outcome sought with key officials. The multi-organiza-
tional, multi-level briefing process involves the key policy, executive,
and operational managers of the involved organizations. Key officials
of the donor agencies are also involved. Responsibility for initiating
implementation planning is established, and the plan for accomplishment
1s approved.
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V. IMPLEMENTATION PLANNING FOR MANAGEMENT iMPROVEMENT

A. INTRODUCTION

Understanding the performance of irrigated agriculture and the
areas of low and high performance is the best basis on which to improve
the management of {irrigated agriculture. Improvements in the system
facilities and in management are based on the factors that contribute the
greatest to Tow performance.

Improving management requires focusing on achieving objectives and
Tnvesting resources in resolving constraints that inhibit desired perfor=-
mance. Program bias (e.g., investment in programs for small farms) and
disciplinary bias (e.g., 11ning all the canals in a rehabilitation pro-
gram) should not drive irrigation system improvements. Concern for
Improving the well-being of famers 1s the ultimate purpose of achieving
management objectives in the system. Implementation planning provides
a way to fulfill this purpose.

This chapter reviews the needs for improving management, presents

a strategy for organizational develcpment that deals explicitly with
needs for organizational change, and outlines an implementation strategy
that builds on the diagnostic analysis results to improve the management
and performance of irrigated agriculture. The knowledge gained by apply-
ing the diagnostic analysis methodology is of 1imited value unless pro-
blems are resolved. The major criterion of effectiveness is whether or
not the performance of Irrigated agriculture has significantly improved.

B.  NEEDS FOR MANAGEMENT IMPROVEMENT

Management improvement has two aspects. One 1s the nature of {rri-
gated agriculture as an organization in that 1ts goal {s productivity
and the well-being of farmers. Clyma, Lattimore and Reddy (1982) de-
scribed this circumstance as follows:

"Irrigated agriculture as a business around the world
allows one and usually several organizations to supply in-
puts; another organization to do development research; ano-
ther to provide resources to purchase production fnputs; and
sti11 another to provide information on knowledge and skills
for production procedures (which may conflict with what inputs
are supplied and/or recommended from research). The farmers
(as l1abor) are usually inadequately and unreliably rewarded,
and totally unorganized. No means or power 1s given to farmers
(labor) to improve any of the previous fnadequate conditions.
Farmers are issued instructions or directives as if they were
the empioyees of each individual organization, when by right
and circumstance they are managers themselves with vested
management rights tc decisfons. Thus, management of irrigat-
ed agriculture as a business 1s difficult because of the many
organizations and their operating procedures.
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Management in its simplest form is the organization of
people to accomplish stated objectives using a defined pro-
cedure according to a specific plan. In irrigated agricul-
ture, usually a half a dozen or more organizations are in-
volved and each bas its own and differing objectives. The
farmers, the primary participants in the process, usually are
not members of these organizations nor organized themselves
and do not have the same objectives. Though farmers are not
a part of any of the organizations, they are assumed to be
directed by all of them. They also are not knowledgeable
about, nor have the skills for, the often conflicting proce-
dures assumed for them by each organization. The actions of
farmers are frequently not according to any of the differing
plans of the organizations. Thus, management is most lacking
from water management in irrigated agriculture."

With the above circumstances prevalent in irrigated agriculture,
Ts 1t unexpected that irrigated agriculture's productivity is so low in
most countries of the world? Industrial experience has shown that pro-
ductivity and the quality of production can be increased by using a
participatory style of management. Participatory management can work
in trrigated agriculture, too. Individuals who perceive a problem as
being only the farmers' problem or who perceive the farmer as the problem
do not understand the role of management in irrigated agriculture. If
any other business was managed as irrigated agriculture typically is
managed, 1t would not survive. Does this explain whv so many farmers
largely subsist?

A number of challenges must be met if the management of irrigated
agriculture is to be improved. Jones and Clyma (1988) suggested some
important challenges as follows:

1. Understanding actual field conditions and problems and 1inking
improvement efforts to those conditions.

2. Improving the equity, dependability and adequacy of main system
deliveries and on-farm water control through system improve-
ments and improved management as a necessary condition to
improving productivity.

3. Increasing the productivity of irrigated agriculture by enhanc-
ing the specific conditions of the factors of production
through effective research and improved public and private
efforts in supply of inputs and extension.

4. Resource conservation to ensure the sustainability of irrigated
agriculture,

5. Improving access to credit and markets, and the return on
investment to farmers and governments.

6. Managing the improvement process and the integration of agri-
cultural development efforts through organizational coordina-
tion, including farmer organizations.
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7. Improving the roles and responsibilities of farmers in the
planning, design and implementation of improvement efforts and
fn improving system management where government has tradition-
ally controlled roles.

8. Addressing specific technical issues to improve systems and
their management and providing expert technical assistance in a
way that builds on and supports the expertise of local re-
sources.

9. Obtaining the support and guidance of policy and upper manage-
ment levels for implementing improvements; particularly those
that fnvolve politically sensitive issues such as water policy
enforcement and ccordination among different agencies.

10. Addressing the needs of the different kinds and sizes of sy s-
tems within different environments and institutional contexts.

A management improvement process that successful 1y addresses the
above challenges is needed. Diagnostic analysis provides information
on the factors that contribute to many of the above challenges. Improve-
ment 1n management, however, requires organizational development, which
will equip organizations to plan and implement improvements in management.

C. ORGANIZATIONAL DEVELOPMENT FOR CHANGE

Organizational change needs to focus on addressing the priority
problems faced by farmers that constrain productivity and farmers' well-
being. Organizational change for the sake of change, or for the purpose
of some outside organfzation that believes change is needed for good
and well-defined reasons, is fraught with difficulties. Change that is
Tnitiated to more effectively address well-defined and agreed-upon pro-
blems 1s more 11kely to succeed.

Experiences from diagnostic analysis workshops and field studies
in a number of countries have shown the power of the understanding gen-
erated from diagnostic analysis. It can often initiate changes in under-
standing, in actions, and in organizations. Yet, a major constraint to
actual improvement 1n management identified by diagnostic analysis parti-
cipants was the inability to create a multi-organizational, multi-level
consensus about problems and the need for change.

Organizational change can involve creating new organizational roles,
responsibilities, and relationships with other organizations, and de-
veloping new emphases and actions to accomplish new objectives. Indi-
viduals will need to acquire new knowledge, skills, and perhaps attitudes
through training. If tco great a gap develops between the new directions
and the requirements of individuals, then management performance will
be 1imited. Thus, organizational development may require new forms of
action training (Kettering, 1985).
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An approach for accomplishing such training is elaborated in
Appendix C. The approach uses the results of the diagnostic analysis
to assess the training needs of the involved personnel. Then the types
of specific training needed are identified. Integrating the trained
personnel back into their positions 1s also included in the planning.

In addition to defining new roles and responsibilities for related
organizations and the individuals involved, Improvements in management
will involve defining new goals to address the priority problems faced
by farmers, and providing new facilities. Implementation planning pro-
vides a way to meet the challenges and needs for improving management
in irrigated agriculture.

D.  IMPLEMENTATION PLANNING

Implementation planning was developed to improve the management of
Trrigated agriculture in the Command Water Management Project in Pakistan
(Jones ard Clyma, 1988). Implementation planning builds on the results
of a diagnostic analysis study and uses the concepts and approaches of
the team planning methodology. Essentially, implementation planning 1s
used to assist irrigated agricultural organizations in implementing an
action training process to develop an Tnter-organizational management
ptan.

Implementation planning is accompl ished using outside (host coun-
try and/or expatriate) consultants experienced 1n management and water
management. The implementation planning assistance team uses the team
planning methodology to develop an overall plan for the effort. The
Implementation planning process is summarized in Figure 7 and Table 7.

The overall plan 1s developed in a team planning meeting (Levine,
1988). Input and guidance for the planning are obtained as preliminary
work through a short visit with the key personnel related to the irriga-
tion improvement effort (Table 7). Information about logistical arrange-
ments, identification of personnel for participation, and scheduling of
facilities 1s done to evaluate alternatives during the planning., In
Phase II (entry), the team provides information on the overall plan,
receives further input, and obtains a mandate for participation of key
personnel from the involved organizations. Phase III involves two work=
shops. The first workshop focuses on defining and agreeing upon the
priority problems to be addressed in the second workshop, which does
the planning.

The involvement of personnel in the implementation planning process
1s 11lustrated in Figure 7. The results of the diagnostic analysis are
input to the planning. The key personnel are the field and operational
managers for planning. The field personnel have the field knowledge
and experience and the operational managers are the individuals respon-
sible for day-to-day management of activities. The fnput and ownership
on the par* of the executive personnel are obtained through their involve-
ment in structuring the planning and in reviewing the results of the plan-
ning. Policy level involvement is through a mandate obtained in the
beginning and their review of the results of the planning.
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Figure 7. Involvement of farmers and the levels of provincial
frrigation-related organizations in the diagnostic analysis/

implementation planning process.
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Table 7. Stages of the management intervention through implenentation
planning (IP) (modified from Jones and Clyma, 1988).
Stage Focus Participants

Diagnostic Analysis (DA)

Diagnostic analysis
workshop (5 wks)

Diagnostic analysis cf
subproject (6 wks)

Implementation Planning

Pre-program visit for
IP Program (1 wk)

IP team planning
meeting (4 days)

Phase I: Entry (1 wk)

Phase II: Management
Planning (1~1/2 wks)
(1-1/2 weeks)

Phase III:
tion (1 wk)

Consol 1da~-

DA concepts, skills, &
practice

Identify priority pro-
blems, their contri-
buting factors, and
their magnitude

(IP)

Initial planning for IP;
Information gathering
and briefing of provin-
cial organizations

Prepare IP team and plan
IP program

Present IP, identify
key concerns, obtain
input of officials,
final planning for
workshops

Workshop I: Problem
Definition. Review pro-
Ject context, goals, and
structure; starting with
the DA, gain under—
standing of priority
problems

Workshop II: Problem
Solving and Planning.
Complete draft manage-

Return to key policy
of ficials with draft
plan; obtain policy-
level input and deci-
sions; "next steps"
planning

Organizational staff
and consultants

Field personnel and
managers, farmers,
input suppliers,
consul tants

Project staff, multi-
levels of key provin-
cial organizations,
2-3 members of IP team

IP team, donor and
host country repre-
sentatives

Project staff, multi-
levels of key provin-
cial organizations,
IP team

Field and operational
managers, represen=-
tatives of all involved
organizations, farmers,
IP team

Operational managers,
farmers, executive
personnel, IP team

Policy and executive
levels of key organi-
zations, project staff,
IP team

54



Workshop II (Figure 7 and Table 7) 1involves the key implementing
organizations related to irrigated agriculture in a problem solving and
planning process in order to develop an inter-organizational management
plan. These participants will delineate long-term purpose(s) and objec-
tives, intermediate goals for several years, and short-term objectives
for the next six months to one year. Roles and responsibilities are
defined, including organizational and individual responsibilities for each
activity. A plan for monitoring the plan and the management of the
frrigated agricultural system is also developed.

This draft plan is reviewed by policy and executive officials in
Phase IV. These officials provide guidance for finalizing the plan and
make decisions about key aspects of the plan. The operational managers
then prepare the "next steps" for completing and initiating the implemen-
tation of the plan.

The implementation planning process is currently being applied 1n
one state in India, 1s being used to initfate an Irrigation Advisory
Service 1n Egypt, and is being considered for application in Sri Lanka.
The approach is applicable to any situation where improving the manage-
ment of irrigated agriculture is a priority and has organizational commit-
ment. Implementation planning is not a recipe for planning and improving
management. Implementation planning is one approach for improving the
management of irrigated agriculture.
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APPENDIX A
THE PURPOSES OF IRRIGATED AGRICULTURE

Irrigated agriculture 1s engaged in by farmers for their own benefit
and to improve their well-being. In individually managed irrigation
efforts, the farmer analyzes the costs and benefits resulting from irri-
gation and invests accordingly. In this instance, the financial analysis
of the appropriateness of irrigation should be based on the costs and
benefits to the farmer. In an econamic analysis, there also may be
substantial benefits to government from rural development, increased
food security and food production, and increased foreign exchange; and
there may be environmental degradation and increased demands for some
Inputs with a resulting increase in imports.

Government may engage in irrigation development with any or all of
the above purposes in mind and may also use frrigation development as a
resettlement process. In the instance of individual private development,
there 1s no doubt that farmers pay the costs and derive the principal
benefits. Government development efforts often involve irrigation pro-
Jjects, but the multiplicity of objectives may result in poor economic
decisions about .ii0 pays the costs and who derives the benefits.

Government rural development efforts may restrict the size of farm
or the supply of water to the extent that farmers' returns are reduced.
Government may then assess the farmers the full cost of the investment
and require that payments be large enough for the government to recover
the full costs. When this results in farmers being unable to pay, then
irrigation projects are judged to be uneconomical. 1In reality, the
financial returns to irrigation may be substantial, but the constraints
imposed by rural development or other objectives may make the costs of
frrigation greater than the returns to individual farmers.

When evaluating irrigation projeccts, the costs associated with
objectives other than development of Trriga®ed agriculture and the wel?l-
being of farmers should be determined and carefully evaluated. When
evaluating the performance of {frrigated agriculture, ths financial bene-
fits to farmers of irrigation should be carefuliy evaluated to determine
the priority costs and benefits to understand which returns are attribu~-
table to frrigation. Rural development or other government objectives
should also be evaluated in terms of costs and benefits. When the costs
reduce the benefits to farmers and constrain irrigated agricultural
performance, this condition should be documented and the iniormation
provided to government. The problem can be resolved by changing policy,
or the existing policy can be considered a constraint.

When evaluating the economic performance of the irrigation project,
conclusions about the economic and financial feasibility of the project
should be clearly stated in terms of irrigation development objectives
and rural development objectives. Statements about the economic and
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financial performance of the project without considering the costs and
benefits of other objectives should not be made.

For diagnostic analysis, 1t is important to evaluate the financial
feasibility of irrigation for the farmers. When other constraints are
tdentified (such as export policies or rural development costs) that
reduce fammer returns, then a careful economic analysis should document
these constraints and relate improvement plans to appropriate policy
actions - either as constraints or as policy changes for improving the
performance of irrigated agriculture.

The important consideration is that diagnosis of irrigation sys-
tems shuuld focus on farme: well-being. Consideration of return on
Tnves-amants should include a financial analysis of the farm system and
the irrigation project. Other economic constraints may be identified
and documented. However, for rural development, food security, or other
purposes to be successful, the purpose of improving farmer well-being
must be served.
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APPENDIX B

APPLICATION OF DIAGNOSTIC ANALYSIS TO THE
IRRIGATED AGRICULTURAL SYSTEM

INTRODUCTION

Diagnostic analysis of an irrigated agricultural system is accom-
plished by an interdisciplinary team which applies the concepts and pro-
cesses previously defined in this paper. The key subsystems in irrigated
agriculture were previously defined in Chapter II. This appendix covers
the application of the diagnostic analysis methodology to these sub-
systems.

A careful disciplinary and Tnterdisciplinary analysis of causative
factors and their magnitude, combined with an Tnterdisciplinary synthcsis,
1s an important aspect of the dfagnostic analysis process. Experiences
in Pakistanl and elsewhere suggest that changes in attitudes and be-
haviors take place in those who are involved in the process.

The measure of low performance 1s the basis for establ fshing the
priorfty problem area. Therefore, the performance variable or indi-
cator needs to be comparable to scme potential level of performance for
a given context. For example, equity of water distribution could be
very low, but sti11 have a 1imited effect on yleld 1f the water supply
was adequate for overall crop production. Other factors, such as non-
availabi11ty of credit for inputs may have a higher impact on produc-
tivity and tarm income than equity of water supply. Thus, each objective
can be evaluated 1n terms of how 1t affects productivity and farmer
well-being.

Causes of Tow performance are of interest for several reasons,
The causes or contributing factors represent an important part of dfag-
nosis in that taken together for a particular problem, they represent
the interdisciplinary definition of a problem. For example, the problem
may be lTow productivity of wheat. The factors which contribute to this
problem may be unrelfable water supply, inadequate water supply, inace-
quate credit, inadequate use of {nputs, waterlogging and resulting sa-
11nity, inadequate fnformation from extension, and Tnadequate prices
for the product.

It may be that an unreliable water supply 1s the priority contri-
buting factor, and the farmer is unwilling to deal with other factors
due to psrceived high risks and poor returns. This does not mean that

1 Jones, A.L.; W, Clyma, 1988. Improving the management of {rrigated
agriculture: the management and training program for Command Water
Management, Pakistan. WMS Professional Paper 3, Water Management Syn-
thesis II Project, Colorado State University, Fort Collins.
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only water supply requires problem definition and resolution. Other
problematic factors critical to improving yield need to be resolved to
ensure that productivity does increase. Improving credit availability,
providing more water, improving extension, or changing the government
purchasing system for wheat might be the most important cause to resolve
first. For example, waterlogging may only affect a small part of the
area and may not require immediate action.

The concept of contributing factors allows a team to develop ar
interdiscipiinary definition of a problem and 1dentify the key factors
requiring planning to resolve the problem. A contributing factor of
undependable water supply may result in a goal statement of "provide a
dependable water supply." The specific contributing factors to the
problem area become objectives or actions under an objective that deal
with resolving the contributing factor that is causing the undependable
water supply. Plans are then made that will achieve that goal. The
‘mprovements to the system and the management to achieve that goal are
the basis for systematically improving the performance of the system.

The application presented here is based on knowledge and under-
standing from previous experiences. The suggestions offered regarding
performance variables, performance indicators, contributing factors,
and how to measure the magnitude of contributing factors are not intended
to be exhaustive or restrictive. They are intended to provide more
Information about how to apply the methodology of diagnostic analysis
and to give specific suggestions for how to accomplish the diagnosis.

The methodology 1s applied to the productivity, return on investment,
water control, and social-organizational subsystems. Objectives for
analyzing system performance are presented and discussed. Resource
conservation 1s also. presented as an overall abjective appropriate for
application to all the subsystems. Evaluation of the performance of
farmer involvement and organizational coordination is also discussed.

THE PRODUCTIVITY SUBSYSTEM

Productivity directly affects farmer well-being. Therefore, it
often becomes the criterion for judging the magnitude and priority of
contributing factors. Concentrating on individual farm and field pro-
ductivity during a diagnostic analysis focuses the management objectives
on system r.rpose and the factors that constrain system performance.

Important management decisions are made by farmers and the organi-
zations which provide the agricultural inputs and services which directly
affect productivity. Therefore, the factors which contribute to reduced
productivity are of central importance in a diagnostic analysis.

Measuring the performance of productivity is time consuming and
expensive. The timeliness required to accurately measure yield is often
a constraint on scheduling a diagnostic analysis. Nevertheless, measuring
ylelds and identifying the key factors which contribute to a particular
yleld level is a key part of the diagnosis. Table Bl identifies the major
variables for measuring yield characteristics and some of the indicators
of yfeld which can be used to complete a diagnosis analysis or rapid DA
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Table Bl. Variables and performance indicators for measuring the
performance of productivity.

Variables Measured Indicators Observed in
Subsystem in Detailed Diagnosis Rapid Diagnosis
Field Crop yields Crop differences suggesting

low or high yields.

Crop differences caused by
differences in fertility, plant-
ing or seeding practices, cr
vater control.

Changes in fnputs or management
practices; variations in yield.

Cropping intensity Changes from head to tail in
system.

Changes due to timely avail-
ability of water, inputs or
services.

Changes due to reliability
of water supplies.

Crop or variety Changes 1n crop types or

grown varfeties with location.

Quality of yield Size or appearance of yleld
products.

Marketable sugar or other
measures of quality.

Farm Same as for field given above

Crop diversification High quality or high yield
crops nearest water supply.

Crop rotation excludes sensi-
tive or high water demand crops.

Fraction of area in key crop

Marketable surplus Estimated value
System Same as field and farm given above
National Same as field and farm given above

Export/import ratio
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without taking yleld measurements. Farmer interviews, indirect observa-
tions, and other indicators are all important aspects of measuring yield
performance.

During a diagnostic analysis, potential or target yields for a
project or an area need to be determined. While experiment statfon
ylelds are useful, good farmers frequently have yields that exceed experi-
ment station yields by 50 percent. Thus, good farmer yields may be a
better indication of potential yiwlds in the study area.

Yields at the head of the system are often used as measures of
potential yield under the assumption that water supplies are adequate
and reliable at this position, and wili not 1imit yields. However,
Timitations in the Farm irrigation system, farmer knowledge, and avail-
ability of agricultural inputs and services cften seriously 1imit yields
at all locations. Thus, yields at the head of the system may not auto~
matically be a good indicator of potential yields.

Current and past cropping intensities are often good indicators of
system constraints, though a combination of factors may result in the
given or measured cropping intensity. The type, variety, and quality
of crop are also good fndicators of system constraints. A change in
variety may reflect non-availability of seed, inadequate credit, inade-
quate information, or changes in water supply. Almost all diagnostic
analysis studies have found that cropping patterns change as the adequacy
and dependabflity of water supplies improve.

Water control is often the most powerful variable in these studies.
For example, farmers may plant sensitive crops nearest the water supply.
They may also give priority to irrigating the sensitive crops. Other
management practices such as input use, weed control, and higher yielding
varieties may be reflected in the higher priority crop. These practices
may contrast with the management of additional crops under other important
constraints.

Table B2 suggests some factors which contribute to low crop pro-
ductivity and some ways to measure their magnitude. The factors that
contribute to Tow productivity are often complex and interact with other
contributing factors. For example, aspects of water control often di-
rectly affect productivity. A lack of resource conservation can create
conditions that result in sustained low productivity. Investment deci-
sions about inputs and services usually directly affect potential or
actual yfelds. Thus, the productivity objective integrates the other
objectives and correlates strongly with most factors measured.

Management practices often combine with other contributing factors
to affect productivity. Yet these practices may be symptoms of the
problem, rather than a more direct cause. For example, farmers may not
control weeds because they expect that water supplies will be short and
Tnvestment in weed control will not pay. Every diagnostic analysis
conducted to date has shown that undependable water supplies drastically
affect input use and managemant of crops.
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Table B2. Factors contributing to low system performance for pro-
ductivity, and suggested measures for identifying the magni-
tudes of the factors.

Problem Contributing Factors Magnitude
Inadequate Same factors as main and farm water control system
agricultural
production
Low levels of 1input use Interview/observa-
tions
Use of varieties with lower Interview/observa-
ylelding potential tions

Poor management practices in  Interview/observa-
seeding, weed control, timing tions

of fertilizer, pest control,

and timing and amount of

irrigations.

Inadequate information; inade- Interview/observa-
quate services, such as cre- tions

dit; inadequate 1nputs, such

as seeds and fertilizer; and

Tnadequate knowledge and skills,

Low cropping intensities Measurements, inter-
views and observa-
tions

THE ECONOMIC SUBSYSTEM

The returns that farmers achieve are often the direct measure of
farmer well-being. Family and social considerations may often require
that the farmer incur more costs or receive less returns. The returns
on investment are the primary means for measuring levels of performance
that integrate the effects of contributing factors. Returns are also
used to eliminate solution alternatives because they reflect combinations
of costs and benefits.

The current world economic situation has increased the emphasis on
ensuring that projects pay the recurrent costs of irrigation. While
capital costs may not always be included, a yearly management cost is
more frequently required. In Chapter II and Appendix A, the purposes
of irrigation projects were reviewed. The primary concern was that
farmers may be asked to pay an inordinate share of the costs to achieve
national or regional purposes for frrigation projects. Government policy
on subsidies and pricing is often complex and creates a hidden tax on
the farmer. Therefore, careful analysis of the benefits that farmers
and government receive from irrigation is necessary.
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The variables used to measure investment performance and some appro-
priate indicators for use in rapid DA are given in Table B3. Returns
to head and tail farmers, good managers and poor managers, and farmers
who have made investments to improve production and those who have not
are some of the factors to compare. Land values may also indicate the
costs of poor water control (e.g., a comparison of land values for head
and tail farmers, or with and without tubewells), and differences between
rainfed and irrigated conditions.

At the farm level, net farm income per hectare is a measure of how
well an irrigated agricultural system is performing. Variations in net
returns between irrigated and non-irrigated farmms, and farms with poor
and good water control are important indicators of levels of performance.
In a rapid DA, time may not permit a detailed analysis of fam returns.
However, returns on the primary crops can be estimated, and stability
of farm incomes may be an important indicator of the value of irrigation.
Labor productivity for a crop can be estimated or measured during a
detailed study where labor constraints have been identified. Farmer
Investments in pumps, tractors, and land leveling to improve productivity
can be estimated or measured. Use of improved seeds and fertilizer may
need to be estimated for some farms. The effect of govermment policies
on net incomes due to terms of trade and subsidies may also need to be
evaluated.

During the diagnostic analysis, a complete financial analysis should
be done for selected farms with important characteristics. The primary
variables to identify for a given farm cannot be 11sted here, but location
1s freque.tly important. Dependability of water supplies is also often
a priority factor. Other important factors may be identified by the
Interdisciplinary team. This financial analysis is needed to assess
the overall benefits to farmers from irrigated agriculture. Where dif-
ferences are small, a careful study is needed to isolate priority con-
tributing factors. Where differences are large (no water at the tail
of a distributary, for example), then estimates of the importance of
water control can be made.

The suggested contributing factors and methods to measure their
magnitude are given in Table B4. In many instances, the major contri-
buting factor is the one 1dentified as causing 1ow performance in another
objective. For example, inadequate water control at the tail, caused
by large watercourse losses, may create several magnitudes of difference
1n net returns between head and tail farmers. Another important con-
sideration when assessing economic productivity is that the marketing
of goods (marketing margins) and the prices which farmers obtain (terms
of trade) are often influenced by a variety of factors. In one diagnostic
analysis, the prices received by farmers for an important crop was less
than 20 percent of 1ts retail value. Transport, price information, and
Tnadequate coordination among farmers contributed greatly to the low
price received.
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Table B3. Variables for measuring investment performance and indicators
of performance.
Variable
Measured in Indicator Observed 1n
Subsystem Detailed Diagnosis Rapid Diagnosis
Field Net returns Estimated yield and net returns
and variations between units
Land values Variation before and after an im~
provemelit; degree of water ccntrol
(wells, closeness to source)
Enterprise return Estimated yield and return
Farm Nat farm returns Estimated yield and net returns
for major crops and yearly
variations
Land values Sales of land over time
Farm value Farm facilities and land value
estimates
Labor productivity Changes in returns to units of
labor as a ratio
Investment return Value of pumps, land leveling,
tractor or tractor plowing
Financial analysis None
System 0&M* cost/ha Relative level of system repair
Water revenue Farmer perceptions of costs and
benefits
Marketable surplus Changes over time; ratio to O&M
Financial analysis None
Economic analysis None
National Financtal analysis None
Economic analysis None
Pricing polictes None

O0&M = operation and maintenance
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Table B4. Factors contributing to low system performance for returns
on investment and measures of magnitude.

Proben Contributing Factors Magnitude
Inadequate Same factors as other objectives
return on
investments Pricing policies of government Returns with
and without
policy
Inadequate marketable surplus Consumption/

marketable
surplus ratio

Inadequate markets and marketing Consumption/
mechanisms marketable
surplus ratio

Inadequate price for goods sold Farm price/
market price
ratio

Inadequate knowledge of market Key import

demand for alternative crops 1tems

Inadequate cooperation and coordi- Potential/actual

tion among farmers goods marketed

Inadequate coordination between Potential/actual

farmer organizations and govern- goods marketed

ment

THE WATER CONTROL SUBSYSTEM

The framework can be applied to the water control subsystem as an
extended example of analysis. The initial effort further defines the
variables to measure in order to compute the suggested performance para-
meters. Table BS provides the suggested variables for measuring the
fdentified performance parameters (page 41). These variables would be
measured during detailed diagnosis to define system performance.

In many instances, time only permits a rapid DA. Usually, actual
measurements cannot be made during a rapid DA. In those instances, an
Indicator of performance should be sought that can be rapidly and visually
observed. For example, Table BS suggests indicators for levels of perfor-
mance for each of the subsystems. As an example, farmers are often
reliable sources of information about undependable and inadequate water
supplies. Crop conditions are also good indicators of undependable and
Tnadequate water supplies. Major differences in flow in the canal and
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watercourse with distance indicate fnequity. No water at the tail is
an obvious indicator of inadequate and inequitable water supplies.
Changes 1n types and quality of crops grown also are good indicators of
Tnequity when the crop water requirements change drastically.

Table B5. Measuring main and on-farm system performance,

Yariables
Measured in Indicators Observed in
Subsystem Detailed Diagnosis Rapid Diagnosis
Main Q at control points Implied varfations in Q at
Duration & fre- control points:
quency of Q *Official schedule vs. ob-
served schedule or farmer
report
Planned Q ¥Flow less than planned,
crop stress, farmer com-
plaints

On-farm delivery Q at farm or field Variable or reduced flow at
field, water loss evident,
farmer conflict

Water Water applied, Unlevel fields, too much
application water required water applied, non-uniform
crop symptoms, crop stress

Water removal Soil water content Standing water, salinity,
crop symptoms

Q= flow rate

During the field study (rapid diagnosis or detailed diagnosis),
the causes of the problem or the factors which contribute to the problem
are identified. Some commonly encountered contributing factors or causes
are given in Tabls B6 for the main system. The infinite variety of
combinations of priority contributing factors is one reason why irrigated
agriculture is difficult to manage and why there are often failures
when impiovements are attempted.

The contributing factors 1n Table B6 are often observed in irrigation
projects. Unregulated water abstractions by farmers are frequently
unauthorized and commonly unrecognized by the official management of
the system. Measurement of discharge 1s usually not practiced and if
practiced, measurements are not used for management. Usually a plan
for managing the distribution of flows is developed, but no measure-
ments are taken to ensure that the planned flows are actually distributed.
Contriuuting factors affecting dependability and adequacy are usually
related. Adequacy is sametimes related to a lack of understanding by
engineers of the crop wacer requirements.
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Table B6. Factors contributing to low performance in main systems.

Problem Contribut'ng Factors Magnitude
Inequity Unregulated farmer aJsstractions Head/tail Q
No farmer organizations to decide Interview
Joint actions
Unplanned seepage losses Measured/plan-
ned Q
Improperly regulated flow at control Measured/plan~
points (divisions/checks) ned Q
Unregulated inflow supply Measured/plan-
ned Q
Uncoordinated design of canal and Measured/plan~-
outlets ned Q
No explicit measurement of discharge Measured/plan=
ned Q
No management plan including monitor- Measured/plan-
ing and evaluation for management ned Q
Undepend- Same factors and magnitudes as equity
ability
Management not following plan Measured/plan-
ned Q
Inadequate communication to farmers Measured/plan-
ned Q
Inadequacy Same factors and magnitude as equity
Flows not regulated to meet crop needs Actual/required
Q
Q= flow rate

74



Commonly encountered factors contributing to low system performance
1n the on-farm water control system are giver in Tatle B7. On~farm
delivery is usually directly affected by the main system management.
Farm deliveries often are urdependable because of seepage losses from
the channel or unauthorized abstractions by other farmers. The result
1s that farmers do not collectively manage (operate and maintain) the farm
delivery channel. Unlevel fields and inadequate farmer knowledge and
ski1ls result 1n poor field applications of water. In many countries,
it is thought that farmers practice level basin irrigation when in fact,
wild flooding, with resulting poor water management, 1s the common prac-
tice. This often leads to drainage problems because excess applications
of water and upward flow from groundwater result. Other factors exist
which may be 1dentified during a diagnostic analysis.,

The factors which contribute to inequitable water supplies often
have social, organizational, and economic roots. Cropping patterns and
profitability often influence farmer decisions to modify the planned
distribution of water in a canal system. The results of the interdis-
ciplinary analysis of the field conditions provide the team with the
knowledge and :nderstanding needed to synthesize the factors which cause
particular problems.

THE SOCIAL-ORGANIZATINNAL SUBSYSTEM

The major emphases for the social-organizational subsystem were pro-
vided initially 1n Chapter II and in more detail in Chapter IV. Freeman?
has suggested a number of considerations necessary for effective organi-
zation of irrigated agriculture. The investigators of.the social-organi-
zational subsystem, however, do not attempt to define specific social
norms or organfzational arrangements for effective performance of irri-
gated agriculture. Instead, the diagnosis {s used to 1dentify the process
and rationale that individuals and organizations use to make key deci-~
sions. Thelr expectations or goals in making the decisions are also
identified, and the results of the decisions are evaluated in terms of
system performance or factors that contribute to system performance.
Adequacy of decision-making is thus determined and areas of decision-
making needed to improve system performance are identified.

Farmer involvement has an individual dimension, which is decision-
making; ar.d a collective dimension related to how farmers organize for
system management. Farmer decision-making is a complex process, which
takes place in a social enviromment. Social norms, knowledge, skills
and information play a part. The individual and collective goalis of a
farmer or farm family also play a part. It is necessary to understand
this enviromment in order to understand decision-making.

2Freeman. D. 1988. Linking main and on-farm systems in order to
control water, Volume 1: designing local organizations for reconciling
supply and demand. WMS Report 69. Water Management Synthesis II Project,
Colorado State University, Fort Collins.
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Table B7. Factors contributing to low performance of farm water control
system,

Problem Contributing Facrors Magnitude

Inadequate, Inadequate water control from the (Sce Table B6)

undependable
and inequi-
table deli-
very of water

main system
Uncoordinated design of canal and
outlet
Inadequate planning, design and con-
struction of watercourse
Inadequate operation and maintenance
Inadequate farmer involvement

Measured/plan-
ned Q
Head/tail Q

Head/tail Q

Inadequate Inadequate water control from main (See delivery
water appli- and watercourse above)
cation inTevel fields Field elevation
inidequate technical assistance to Yields/efficiency
farmers
Inadequate farmer knowledge and ‘ields/efficiency
and skills
Improperly planned, designed and Yields/efficiency
constructed fields
Inadequate Same factors and magnitude as delivery
water use for and application
crops
lnadequate Same factors and magnitude as delivery
water and application
remov al Sofl conditions that restrict flow of Yields/crop
water from root zone conditions
Groundwater flow into root zone Yields/crop
conditicns
Excess surface flows from rainfall or Yields/crop
irrigation not removed conditions
C = flow rate

Farmer decisions are conditioned by tradition, which can be defined

as a combination of social norms and knowledge.
Important part in agricultural and irrigation practices.
farmer decision-making requires motivation or incentives.

Tradition plays an

Effective
The level of

incentives 1.seded for a given positive decision is the basis for changing

farmer decision-making.
to be delivered tu farmers to interest them in

maintenance?

For example, how much additional water needs
participating 1n collective

A farmer makes decisions about what to plant and when; when, how,
and how much to irrigate; and how much and when to add agro-chemicals.
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The success of these decisions in the aggregate helps to determine the
level of system performance.

The diagnostic analysis team needs to identify key decisions farmers
have made in managing productivity. For example, there are cases where
high yielding varieties are available, but farmers in a particular system
have largely planted traditional varieties. Why? Farmers may have
chosen traditional varieties because of lack of information, lack of
credit to make the purchase, non-availability of seed, home consumption
needs, or an undependable water supply. Table B8 provides an example
of an analysis of key management decisiors by farmers.

Preliminary information suggests that an undependable water supply
1s a priority contributing factor to low productivity and Tow performance
of the water control system. The farmer makes a number of decisions
that relate to undependable water supply. The crop he grows, the variety
he selects, the weeding practices he uses, the fertilizer he applies,
whether or not he obtains extra-legal water from the distributary, when
he 1rrigates, and whether or not he would consider using a pump may
depend on the water supply.

While such a decision-making process may not relate to such a pri=
ority factor frequently, several diagnostic analysis studies have shown
the pervasive effect of an undependable water supply. However, keep in
mind that decisions could be related to other factors operating in the
system. For example, farmers' chofce of which variety to plant could
relate to adequacy of information, availability of seeds at the proper
time, availability of credit, and home consumption needs of the family,
as well as dependability of water supply.

Careful analysis of factors which contribute to farmer decision-
making about system management, and measuring the magnitude of the results
of key decisions are important parts of the diagnosis process. Usually
a majority of, 1f not all, disciplines are involved in defining the deci-
sfons and contributing factors. Measuring the effects that decision-
making has on system performance 1s an important contribution to under-
standing and identifying key contrituting factors. Diagnosis may provide
a strategy for changing farmers! decisions and their involvement in
management.

The crganizational decision-making of farmers is another important
area of farmer involvement. Investigation of organizational decision-
making is restricted to priority contributing factors for lTow or high
system performance. Table B9 provides an example analysis of farmers!'
organizational decisions regarding maintenance of a watercourse, involve-
ment in operation and maintenance on a distributary, and involvement 1in
Improving the management decisions of a service organization (extension
information or credit, for example).

The factors that contribute to the success of each decision accumu-
late as the complexity of the decision-making increases. Internal farmer
organizational decisions (Table B9) are less difficult than mul ti-organi-
zational decisions with irrigation or extension, for example. The diag~
nosis process can answer questions and determine the contribution of a
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Table B8.

Example of key decisions for farmers in managing the productivity process.

Subsystem or

Qbjective Decision Contributing Factors Magnitude
Productivity
Crop Grow fodder or rice Is the water supply adeguate Design/Actual Q
: and dependable?
Variety Grow improved or Expected return* Return with or without

traditional variety

Cropping Practices
Planting

Weeding Good/1imited/none

Pest control
Fertilizer None/some/adequate

Water Control
Distributary Obtain extra-legal flow

On-farm
delivery Maintain watercourse
Field a. When?t
b. How much?
c. How?
Investment
Pump See crop above
Land leveling
Seeds

Resource Conservation
Salinity Control for crop growth

Alternative:
a. information
b. availability
c. credit
d. home consumption

Expected return*

Expected return*

Inadequate and undependable
water supply*

See crop above

a. When availabie
b. Decided by tredition
c. Decided by tradition

If credit and return
expected

Expected return ard if
excess water supply
available

variance

Return with and without
weed control

Return with/without fertilizer

Lesign/actual Q

Q with and without
maintenance
Applied/required Q
Applied/required Q
Applied/required Q

Financial analysis

Return with and
without salinity

*¥See also the information given with crop productivity above.



Table B9. Organizational decisions and their contributing factors for
farmer involvement.

Recisions Contributing Factors

(1) Maintenance of Is the water supply reliable and at least
community water- minimally adequate?
courses

Is there an organizational capability to
make decisions and control "free riders"?

Is there knowledge of the need, and know-
ledge and skills to accomplish the job?

Are the benefits to all obvious to all?

(2) Involvement in main- Same as above.
tenance of the main
system distiibutary Doss the responsible organization look to

the farmers to help decide priorities and
implement activities?

Is there a mechanism for organizations to
make decisions and carry them out?

Does the quality of the result of the deci-
sions provide benefits to involved organi-

zations?
(3) Involvement in esta- Same as 1 and 2 above.
blishing the nature
of the service, de- Can the farmers assess their need for the

fining the needs, and service?

assessing the re-

sults Can the farmers monitor and evaluate the
results?

Can the service organization assist the
farmers to carry outi their role without
controlling the role?

factor in a decision. Physical measurements can document the need for
maintenance (for example) and evaluate the results of the mantenance
accomp] ished.

Decisions about management of a system by an irrigation department
may not involve farmers becauss the department does not recognize the
need to involve farmers. Also, the organizational capability to ade-
quately deal with a farmer organization may not exist. If a farmer
organization does exist, case 2 in Table B9 provides a basis for analyzing
the decisfon-making for farmer involvement with mainterance of the main
system as an example.
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Organizational coordination for management decision-making 1s the
other major emphasis for irrigated agriculture. Because of the focus
on priority problem areas, not all decisions are considered. Only key
decisions that have had major impact on system performance are identified
and analyzed to determine if the needed coordination existed. In in-
stances where coordination is effective, the focus is on understanding
key factors which contributed to the success of the coordination ef fort,
In instances where coordination and decision-making was ineffective,
the factors which contribute to this Tnadequacy are analyzed.

As an example of organizational coordination, Table B10 illustrates
organizational management of the decision to schedule and release seasonal
water supplies for rice irrigation. The irrigation department evaluates
the water supply, selects a date to begin water releases for land prepa=-
ration, and schedules a flow release for a duration to irrigate an area
for growing rice. The lengtn of the growing season for rize 1s an impor-
tant factor in this decision. Thus, the irrigation department needs to
coordinate with extension so that extznsion will provide timely informa-
tion te the farmers about which rice variety to use and why 1t should
be used. Furthermore, seed suppl iers will need to provide an adequate
supply of seed in time for planting. Since seed must be purchased,
often at a premium price, timely credit must be available to farmers
that need it. Research to develop and test the seed for appropriateness
for the area will have to be completed before it 1s recommended for use,

Table B10. An example of multi-organizational decision-making with
irrigated rice.

Recisions : Contributing Factors
Plan and managemant of Is each organization capable of parti-
seasonal water releases for cipating in a decision?

rice irrigation
Is there a mechanism available for the
organizati~ns to make decisions?

Does each organization understand its
role and responsibilities?

What was the quality of the result?

Not a small part of this decision-making 1s the farmer and his
organization. Purchases of seed are 1ndividual decisions, but the deci-
sfon to provide water for a short-season variety of rice only would be
a collective decision, since farmers who decide to plant long-season
varieties will not have water to complete the seasonal irrigations.
Also, the area that can be planted to short-season varieties may be
larger than the area that can be planted to long-season varieties.

The process for making the above decisions can be examined, and
the results of each decision made by each participating organization
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can be documented. The results of the collective decisions can be mea-
sured in terms of irrigated agricultural production. Actions taken

that reduce the effectiveness of the result can also be evaluated. The
results can be used to identify factors which contribute to reduced
performance. With this understanding, plans can be developed to improve
the coordination process by resolving the key contributing factors causing
less effective performance.

A diagnostic study provided understanding for almost exactly the
above scenario 3, although there were additional compl ications. Even so,
the need for coordination and the limitations of the process that had
been used became very clear to the organizations involved as a result
of the diagnostic analysis. A new mechanism for coordinating activities
has evolved since the diagnostic analysis, and perhaps the diagnostic
analysis contributed to defining the organizational mechanisms needed
to accomplish the improved decision-making.

In the dfagnostic analysis case study mentioned above, irrigaticn
department releases did not follow their prestated plan, Releases of
water for land preparation came earlier than farmers desired and precious
water was wasted. Farmers made a number of decisions that reduced poten-
tial and actual yields, Information was not providsd to fammers about
a number of important chcices, and extension was not involved in the
decision-making. Reduced rice yields for the season were the result.

RESOURCE CONSERYATION

The management of an frrigated agricultural system must ensure the
sustainability of the system. Thus, resource conservation must be suf-
ficient to sustain the system. Traditionally, resource conservation
has been neglected. 0ad, Mclornick and C]yma4 found that the only system
objective not explicitly considered by a series of diagnostic studies
was that of resource conservation. Only when the very existence of
frrigated agriculture is threatened does controlling adverse effects
seem to receive high priority.

Resource conservation is an objective rather than a subsystem. As
an objective, 1t applies to all the subsystems of irrigated agriculture,
Productivity must not be achieved at itne expense of tertility, salinity
control, or other conservation issues. Return on investment must assure

3A1wis. Jo.; L. Nelson; H. Gamage; R.A. Nandasena; R.E. Griffin,
K. Yoo; A, Ekanayake; M. Haider; L. Wickramasinghe; L. Dunn; M.A.¥W., Ban-
daranayake; J.M. Reddy; W.R, Laitos. 1983. System H of the Mahaveli
Development Project, Sri Lanka: 1982 Diagnostic Analysis, WMS Report
16. Water Management Synthesis II Froject, Colorado State University,
Fort Collins.

%0ad, R.; P.G. McCornick; W. Clyma. 1588. Methodologies for
interdisciplinary diagnosis of irrigation systems. WMS Report 93,
Water Management Synthesis II Project, Colorado State University, Fort
Collins,
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farmers wil1 be involved in an irrigation project and that the organiza-
tions can maintain an adequate level of services. Water control to
prevent waterlogging, control salinity, and prevent erosion are all
Important. Organizational sustainability of farmers and government are
also of concern. This section presents several examples of the applica-
tion of the resource conservation objective to a number of subsystems.

Suggested variables and indicators for evaluating irrigation system
performance in resource conservation are given in Table Bll., The vari-
ables for measuring performance and the indicators of performance are
the same for the farm and the field, and much the same for the irrigation
system as a whole.

Poor water control, which results from excessive use of irrigation
water on fields, is a major factor in creating waterlogging and salinity.
Many of the contributing factors for inadequate water control contribute
to iradequate resource conservation. When adequate water contiol 1is
achieved, resource conservation usually will improve. Even so, explicit
attention to the resource conservation objective is still highly neces-

sary.

An important concept about irrigation system diagnosis should be
11lustrated here. A symptom of a problem is not the cause of a problem,
but the symptom of a condition in one subsystem may be the cause of a
condition 1n another subsystem. Eliminating the root cause is usually
an effective first step in solving a problem.

For oxampY=, a high water table 1s a symptom of inadequate water
control (a cornivtion). Excess water 1s being supplied by the irrigation
delivery systew, and overirrigation (a cause) -in fields may be the major
contributing factor for the high water table. Controlling the high
water table by improving drainage typically increascs the amount of
overirrigation: the symptom is being treated, not the cause. A more
effective strategy may be to control overirrigation by improving the
ab111ty of the farmers to Irrigate their fields. This high water table
may also cause salts (the symptcm) to accumulate in the top portion of
the sofl. Lowering the water table will help to control salinity.
However, a more effective approach may be to control the water table by
reducing the overirrigation (the root cause).

Some factors which contribute to 1nadequate resource conservation
are shown in Table Bl2 with suggestions for measuring their magnitudes.
The magnitude of the effect identified helps to determine the priority
given to a factor. As an example, measuring the magnitude of contributing
factors to waterlogging may require measuring the desired or design
discharge or volume that 1s supplied to a field, fam, or area. This
measuranent can be compared with the volume of water contributed from
subsurface groundwater flow or the overirrigation of fields. When con-
sidering whether or not preventing waterlogging is of higher priority
than resolving unreliable water supplies, the magnitude of the effect
of these conditions on yields may need to be compared. There may be a
serious inequity that results from selected farms or fields becoming
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Table Bll., Measuring system performance for the resource conservation

objective.
Variables Measured Indicators Observed in
Subsystem in Detajled Diagnosis Rapid Diagnosis
Field Water table level Absence of or stunted plant

growth; salt accumulations
at soll surface; standing
pools of water; abandoned
wells

Salinity level Visible surface salts;
1imited or stunted plant
growth

Channel/field erosion Observation of soil loss

Sedimentation So1l accumulations in
channels and fields

Soil degradation Physical condition of soil;
hard, blocky structure;
sealed soil surface with
standing water

Nitrate leaching Yellow plants where over-
irrigation is prevalent

Fertility. depletion Plant condition and declining
crop ylelds each year

Seawater intrusion Salty groundwater; declining

groundwater levels; soil and
plant indications of salinity

Degradation of facilities Non-functioning facilities

Ferm Same as for field Same as for field
System Same as for field Same as for field
Watershed degradation Erosion of watershed; sedi-

ment deposits

Quality of return flow Salinity or fertility in
return flow

Flooding Evidence of flood damage,
standing water, and erosion
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waterlogged and going out of production. The long-term implications of
waterlogging and resulting salinity may suggest that controlling water-
logging should have a higher priority. For this reason, establ ishing
priorities requires careful consideration of the important factors which
affect the achievement of project management objectives.

Table Bl2. Factors contributing to low performance in resource
conservation and variables for measuring the magnitude of
the contributing factor,

Problem Contributing Factors to Problems Magnitude

Waterlogging Inadequate design of canals, control Design/actual Q

structures and outlets Actual/neseded
slope;
Actual/needed
elevaticn
Excessive surface water contributing Water level rise
to groundwater from surface water
Subsurface groundwater inflow Gradient into/up-
ward in area
Overirrigation of fields Needed/actual water
applied; actual/
desired water levels
Same factors for main and farm water
contro]l systems (Tables B2 and B3)
Salinity Excessive salinity in soils Actual/ required
soil salinity
Excessive salinity in groundwater Actual/required
water salinity
Overirrigation in fields Needed/actual
; water applied;
Actual/desired
water levels
_Erosion Excessive channel or water surface Actual slope/
slope design slope
Improper field design or inadequate Actual slope/
field water control design slope;
Actual field O/
design field Q
Q = flow rate
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SUMMARY

Application of the methodology for diagnostic analysis involves
using the concepts and diagnosis framework in the diagnosis process.
Disciplinary and interdisciplinary concepts are applied in the analysis
of subsystems to understand performance and the factors that contribute
to performance. The interactions between subsystems are numerous and
multi-faceted, and careful interdisciplinary efforts are needed to under-
stand each subsystem and the system as a whole. The suggested variables
for measuring performance, indicators of performance, contributing fac~
tors, and means for measuring the magnitudes of contributing factors
are intended to assist a new diagnostic analysis team to more effectively
diagnose an irrigation system.

The evaluation of performance as related to farmer involvement and
organizational coordination were suggested to give a simple example of
a complex process. Creating an understanding of the need for involvement
and more effective coordination to improve system performance is a prio=-
rity objective of diagnostic analysis. Without this understanding,
farmer involvement and organizational coordination will not be accom-
plished. Examples of inadequate decisions and coordination are numerous
from field studies of irrigation projects.

The diagnostic analysis methodology is expected to continue to
evolve. It 1s hoped that these improvements in concepts and approach
will improve the performance of diagnostic analysis teams and the under-
standing gained from diagnostic analyses. The continued improvement of
the process will build on these and other experiences and will continue
to improve the management and performance of 1rrigated agriculture.
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APPENDIX C
TRAINING STRATEGY FOR ORGANIZATIONAL CHANGE

Organizational change is often slow and difficult, but a strategy
for change can build on the use of diagnostic analysis and implemen-
tation planning., The action training implied in the involvement of
organizations in diagnostic analysis creates an understanding of the
need for change. The diagnostic analysis methodology provides specific
data about the actual performance of the irrigated agricultural system
and the organizations responsible for managing the subsystems. This
information establishes the need for change.

Implementation planning takes the needs identified from the di: i
nostic analysis results and defines the goals and activities for hcy
the needs will be met in terms of system Improvements and improved manage-
ment. These activities are the basis for defining new roles and responsi-
bilities for organizations and the responsibilities assigned to specific
Individuals. These new responsibilities are a specific answer to a
need for organizational change.

The above wupproach to organizational change 1s embodied 1n an action
training approach that involves the individuals and organizations 1in
1dentifying needed improvements, planning how to implement the improve-
ments, and then implementing the actions that will result in improvements.
The approach builds on previous experiences in water management research,
irrigation development, and water management training. The approach
allows the involved organizations to plan and develop needed organiza-
tional changes and to assess the training needs that are necessary for
organizational change. This process involves all levels in an organiza-
tion. Such changes must have the support of the organization from the
operating level to the policy level if they are to be implemented.
Management and water management specialists can facilitate this process.

To accomplish organizational change, specific training 1s provided
to develop the knowledge and skills identified to be a part of the new
roles and responsibilities during implementation planning. Diagnostic
analysis and implementation planning are coupled with a training process
to provide the specific knowledge and skills identified during the train-
1ng needs assassment. A structured proccess of training is shown in
Figure Cl.

The training assessment and planning builds on the implementation
planning to assess the training needs for the management plan and to
1dentify specific strategies to accomplish the training objectives.

Phase II of the training cycle consists of planning and implementing
training programs that accomplish the training goals. Phase III {nvolves
designing a plan for re-entry of the trainee and integrating the 1ndi-
vidual into the new role and responsibilities. Future diagnostic analyses
or replanning efforts identify any new roles and responsibilities and
further training needs.
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Trainee

PHASE I

Training
assessment
and

planning

Planning

re-entry training
with ——— programs
new skills and
implementation
PHASE III PHASE II

Figure Cl. A trafning strategy for organizational change to complement

diagnostic analysis and implementation planning.

Some of the key results expected from the process In Figure Cl
include 1) identified policies to support professional development, 2)
systematic procedure for monitoring and evaluating process steps ard
obtaining feedback to improve each step, 3) improved management relative
to training, 4) improved job performance, and 5) improved performance
of irrigated agriculture through professional development.

Specific outcomes to be achieved by such an approach are as fnllows:

l.

Organizations will have reached a common understanding of the
needs required to improve the performance of irrigated agri-
culture and will have identified attitudes, staff know ledge,
and skills needed to achieve this objective.

Organizations will have identified the existing staff cap-
abilities, and defined training needs required to close the

gaps.

The results will erable organizations to develop training plans
to meet the high priority needs identified and to initiate
priority training activities. :

On-the-job training plans will have been developed and
Implemented to enable trainees to begin using new skills.
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The

Employee performance and satisfaction will have been evaluated
and improved performance measured.

Monitoring and evaluation by the appropriate unit, with the
assistance of consultants, will ensure that the above steps
are accomplished, that feedback is provided for further
improvements, and that data is collected and assembled in a
current, active data base.

Needed policies to support the irrigated agricultural organi-
zations will have been developed.

A strategic plan for achieving professional development in the
involved organizations will have been completed, including
implementation plans.

strategy of integrating an on-going training program with the

evolving management plans ties the capability for change to the planned

change.

The result should be improved performance for personnel and

irrigated agriculture.
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