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PREFACE

THE IRRIGATION sYsTEM Performance Assessment and Diagnosis Project has been undertaken
jointly by the International Irrigation Management Institute (1iviI) whose headquarters are
based in Colombo, Sti Lanka. and the International Institute for Land Reclamation and
Improvement (ILRI) in Wageningen, the Netherlands. Planning and advisory support, have
been provided by the International Institute for Hydraulic and Environmental Engineering
(IHE), based in Delft, the Netherlands.

SEft from both 1IMIand ILRI were fully involved in the planning and implementation
of the project, including extended periods of direct collaboration in both Colombo and
Wageningen. The project started in September 1990 and was completed by the end of
February 1991. A draft of the Final Report was sent to members of the ICID Working
Committees on Irrigation Performance Assessment and Operations, Maintenanceand Man-
agementof Irrigationand Drainage Projectswhich met at the Executive Council Meeting of
ICID in Beijing in April, 1991.

Many useful comments and contributions resulted from this meeting, and these have bean
incorporated into the final text.

The output from this project, and any further activities in the general subject area, will
formpartofapresentation to the 15th Congress of the International Commission on Irrigation
and Drainage to be held in the Hague, the Netherlands, in September 1993.
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EXECUTIVE SUMMARY

Tws REPORT DESCR I BEZhe work of a project funded by the Dutch Government to look at issues
of performance assessment and diagnosis in irrigation systems in Asia, Africa and South
America. It was undertaken jointly by the International Irrigation Management Institute
(11M1), the International Institute for Land Reclamation and Improvement (ILRI) and the
Institute for Hydraulic and Environmental Engineering (IHE),

Theissueofperformance inirrigationis of increasing concernto investors, managers and
water users alike. As population increases in a finite world, the need for more effective and
efficientuse of land and water resources cannot be stressed too strongly. Nevertheless, there
is a remarkable lack of a good framework within which irrigation managers can assess
performance and diagnose ways to lead to better performance in the future.

Performance is viewed as having two dimensions: the attainment of a specified set of
relevant objectives, and doing so with efficientresourceuse. The framework used in this paper
distinguishes between operational performance, primarily the concern with water delivery
and agricultural output, and strategic performance that addresses issues of how well decisions
are made, given the particular level of physical, financial and human resources available. For
both of these aspects of performance, however, emphasis is placed on a cycle of objective
setting, planning for implementation, operations, monitoring and control, and periodic
evaluation of the management process and review of objectives. Wherever possible, parallels
are drawn from the business world where there has traditionally been more concern with
performance than is the case in the irrigation sector.

Tofacilitate comparative assessmentof performance across different systems a catego-
rization is made of different types of design of irrigation systems. These include fixed control
systemswith few or nolocations wheredischargescan beadjusted, andsystems withdifferent
densities of operable control structures that permit greater control over both discharge and
water levels in canals. A categorization is also made of different ways in which water is
allocated among potential users, and the rules by which allocations can be temporarily
suspended in times of water shortage. These two categorizations are accompanied by a
discussion of the institutional and organizational conditions that foster or hinder agencies in
attaining higher performance.

This report uses information from {5 case studies where there was reasonably reliable
information on water delivery performance. It was not possible to undertake a similar
comprehensive analysis of agricultural and economic performance as data were not always
available.

Theevidence from the case studies is that little systematic measurement of performance
is made by system managers. Much of the data referred to is the result of research or other
special projects rather than the result of routine activities of irrigation agencies. This by itself
is an indication of the lack of importance placed on good performance at system level.
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Many of the studies report wide gaps between quantified operational targets and actual
conditions, suggesting that there is little feedback from the field, or little capacity to respond
to information if it is available.

A significant conclusion isthat simplicity both in system design and in system objectives
leads to higher levels of performance than does complexity. Although systems with a high
density of control structures should achieve higher precision of water control, they rarely
appear to do so. This suggests that much of the poor performance identified is the result of
weak management by agency personnel rather than anything inherent in the system design.
This conclusion is reinforced by a few successful case studies of managerial intervention
where performance has dramatically improved.

Based on the case studies, the paper presents a series of propositions that can guide
irrigation managers on how to improve performance. Most of these propositions focus onthe
development of a systematic approach to performance.-oriented management. A conclusion
from the paper is that these management improvements can largely, but not always, be
achieved without major physical investment. Once managerial capacity has been strength-
ened and stabilized then the likelihood increases that physical investments will be more
worthwhile.

A common thread among almost all the case studies is that there is little evidence of
concern for long-term sustainability of irrigatedagriculture. Little attentionappearsto be paid
to threatsto the internal resource base of irrigation systems by waterlogging, salinity, water
quality, health or inequity. Similarly, existing planning processes show little concern for
competition for water and financing with other sectors, changing water supplies through
upstream environmental degradation, ortochanges in national policy that may lead to greater
accountability for inefficient use of resources.

The report concludes with a brief examination of future activities that can build on the
framework and propositions provided.



CHAPTER 1

Irrigation System Performance
Assessment and Diagnosis

THE GROWING CONCERN FOR IMPROVEMENT OF
IRRIGATION PERFORMANCE

IN recenT YEARS there has been a growing concern that performance in the context of irrigated
agricultureis less than had been anticipated. The anticipated potential through irrigation of
land earlierdependenton unpredictableand unreliable rainfall has not alwaysheen achieved,
and in some respects. irrigation has lost much of its glamour as an investment strategy for
developing countries.

The shortfalls in performance can be cited at almost every level of the imgation sector.
Those concerned with major lending programs for irrigation, notably the banks and certain
bilateral funding agencies, have begun to feel that the return on investment is not really
justified. Greateremphasishas been placed on other sectorsat the expense of new investment
in irrigation, or in the rehabilitation or modernization of existing systems.

Similarly, at system level, there is disappointment in levels of cropping intensity,
irrigation intensity and yields from many irrigated areas. The economics of irrigated
agricultureare such that many farmers have not been able to achieve a more prosperous and
healthy life.

At the level of water distribution there are innumerablereferences to inequity of water
distributionleadingto major disparitiesbetween head and tail areas, to deficitwater supplies
and loss of production in some locations, or to excess water delivery and development of
waterlogging and salinity in others. Water supplies at any given location are often poorly
matched to crop needs, highly variable in both timing and discharge, and are, sometimes, of
increasingly poor quality.

These comments serve to highlight twoaspectsofirrigatedagriculture. Thefirstis easily
forgotten: withoutthe investments in irrigationover the past hundred years, and especially in
the last thirty years in conjunction with agricultural technologies such as high yielding
varieties, cheap pumps, and huge increases in fertilizer use, famine would still be the major
threat in Asia as much asiit is in parts of Africa at the present time. It may be true that the
efficiency of water and land resource use for irrigated agriculture is low, but it is a
technological package that feeds billions of people.

The second aspect is perhaps more topical. The great increase in awareness in environ-
mental issues, particularly for the conservation of natural resources in the context of a still
increasing population, meansthat thesenseof livingin afinite world has becomeincreasingly
dominant.



Good performance is not only a matter of high output, but also one of efficient use of
available resources. This paper looks at ways in which, through the introduction of more
performance-oriented management processes, it should be possible to increase both output
and sustain these increasesinto the future.

Theexamplesofperceptionofpoorperformancegivenabovehighlighttherelative lack
of a consistent framenork for assessing performance: individuals and disciplines have their
ownindividualsubjectiveviewsof what isgoad and what ispoor performance. They arerarely
the samefor differentconstituencies, let alone for differentindividuals. In the same vein, the
methods for assessing performanceare inconsistentand poorly defined.

This paper is based on a project conceived with the twin objectives of learning from
existing ¢ase studies and developinga framework that provides for systematic assessment of
the actual performance of imgation systems.

DESCRIPTION OF THE PROJECT AND ITS OBJECTIVES

Theprimary objectiveof the PerformanceAssessmentand Diagnosis Projectwhen submitted
for consideration by the Dutch Government was to see if it was possible to develop a set of
hypotheses that would assist in determining the causes of g o d or bad performance.

Initially seen as a multiyear endeavor, the project was reduced in scope to a six-month
effort to look at existing case studies of irrigation performanceand to try to elucidate from
thedataanddescriptionsprovidedsomeoftheinderlyingreasonsfor the level of performance
achieved. To assist in this process, part of the project was designed to try to draw parallels
between irrigatedagricultureand business managementon the basis that business is generally
more responsive to performance, at least in financial terms.

If the combinationof hypotheses developmentusing case studiesand the introductionof
assessment processes drawn from business were to be successful, then the project should have
the potential to be expanded into a wider and more comprehensive approach to the
developmentof improved performancein irrigation.

The overall principle underlying this project is that while performance of an imgation
and/or drainage systemreflects the qualities of the organizationsand individualsresponsible
for the management of the system, it is greatly influenced by the physical design of the water
delivery system. A g od manager will ensure that the appropriate management strategies
adopted ae. compatible with both the physical and the management qualities.

During the first part of the project it became clear that there was no effective definition
of performance. and no clear process by which a diagnosis could be made of performance
otherthan on highly subjectivegrounds.Afurther setofdifficultiesarosefromthecase studies
themselves: therewas awidevariety ofsystemdesignand operatingconditions,ageneral lack
of clearly stated objectives for the systems under study, and significant differences in the
amount and type of data reported.

Giventheseconditions, it was necessary todevoteinitialeffortstoexaminingtheprocess
by which performance can be defined and assessed before a diagnosis could be made of
conditions that might foster or constrain high performance. Rather than develop definitive
hypotheses that can be confirmed or refuted through additional data collection, the emphasis
shiftedtowardsdevelopingaset of propositionsaboutthe conditionsand procedureshy which
managers should be able to improve system performance. Further, there was a shift in
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emphasistowards assessmentonly of water delivery performance because of the scarcity of
good comparative data on agricultural, social, economic or environmental objectivesand
conditions.

A final objective is that the results reported from the study would contribute to the
proceedingsofthe 1 5th Congress of the International Comumission on Irrigation and Drainage
to be held in the Hague in September 1993. An earlierdraft of this report was presented at the
Executive Committee Meeting of the ICID held in Beijing, Chinain April 1991.

LAYOUT OF THIS PAPER

The remainder of this paper is divided into eight chapters that follow a logical sequence of
establishing a framework for performance assessment, testing it with data from case studies,
assessing tre validity of the framework, drawing conclusions,and identifyingsomeconcerns
that need to be addressed in future activities.

The issue of why performance needs to be evaluated is addressed in Chapter 2. By
drawing parallels between the world of business management and irrigation management it
is possible to adopt some types of assessment undertaken in commercial enterprises in
irrigation performance assessment. It is also possible to determine where conditions are
sufficiently differentthat irrigation managementhas to developits own criteriaand standards
of performance. The discussion lecks at performanceas a concept, examines performance
indicatorsandtheneed todevelop standardsthatprovideacceptablerangesofvaluesforthose
indicators,anddescribesan assessmentframeworkthatcanbeadoptedby irrigation managers
inmovingtowardsthedevelopmentofinstitutionalcapacitytorespond to actual performance.

This is followed in Chapter 3 by a broad classification of the main 1ypes of design of
irrigation systems, and how the design may affect management decisions. For each design a
description is provided of the primary characteristicsof the physical irrigation infrastructure
and the typical water allocation principles that are appropriate to those designs. A separate
description isgivenofsomeoftheorganizational andinstitutionalconditionsthatmayhinder
or favor moves to more performance-responsive management. This part of the work
concludes by looking at issues of setting objectives for a system and the need to address
interrelationships between design and the management of operationsand maintenance.

The first set of 5 case studies, presented in Chapter 4, provides details on performance
in respect of adequacy, equity and reliability from systems that are designed to divide. water
as far as possible without operational inputs. These can be seen as supply-driven systems
insofarasthey normally have no control capacity that managerscan use to respond to relative
small or short-term changes in demand for water. Two design variants are included in the
analysis: systemsdesignedto dividewater in afixed percentage using simple overflow weirs.
and more complex systems that use submerged orifices to contro} the discharge into each
offtake.

Thesecondset of 10 case studies, presented in Chapter 5, addresses the same set of issues
insystems designed for greater operational control and flexibility. All of the systems included
in this discussionhave gated offtakestructuresat the head of every secondarycanaland at the
head of each teniary block. This additional level of control means that, at least in theory,
managerscan respond more effectivelyto changes in both water supply and demand if they
are successful then the potential for more efficientuse of water should be realized but if they
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arenot, then the opportunities for mismanagementare greater than in simpler systems. Three
design variants are distinguished: those with no cross-regulation capacity, those with fixed
weir cross-regulation, and those with adjustable gated cross-regulators.

Following the presentation of the case studies, Chapter 6 provides a discussion of the
primary interpretation of the results. The overall conclusions drawn at this stage are that few
of the case studies show much evidence of having adopted a systematic framework for
performance: instead, systems seemeither not to have clearly stated objectives or, atbest, are
only concerned with a single objective; operational targets do not appear to lead towards the
stated objectives; and actual performance shows large differences between expected and
actual conditions in most of the case studies.

Chapter 7 describes a set of propositions for an overall performance-oriented manage-
ment framework that. if followed, provides the basis for achieving improved performance. It
addresses four groups of concerns that were identified from the case studies: the process by
which objectives are identified, the implementation of work plans to meet those objectives,
the information-gathering and feedback process that forms part of the management control
function, and the institutional arrangements that provide the basis for the management of the
system.

Although few of the case studies deal explicitly with environmental or resource
utilization issues, Chapter 8 briefly examines the importance of assessing performance in
respect of nonagricultural conditions including sustainability of physical resources, health,
and income distribution. It also raises some general issues of how well systems respond to
external changes such as changing agricultural targets and increased competition for water,
land and labor resources.

The overall conclusions are presented in Chapter 9. These include the recognition that
inmostsystemsthereis noeffective frameworkforperformanceassessment. noclearly stated
objectives or no effective distinguishing between lacal and national concerns, and that
institutional and organizational impacts on performance are rarely discussed. The systems
that perform best under present institutional conditions are often those that are simple, either
indesign of physical infrastructure or in operationalrules. The chapter concludes with a brief
description of some future opportunities to develop a better framework for performance
assessment that will include a wider setof objectives dealing notonly with water but withother
concerns including agricultural performance, improvements in economic and social well-
being, and those having a concern for long-term impacts on the environment.



CHAPTER 2

Performance,
Performance Indicators and
Performance Frameworks

RESOURCE USE AND PERFORMANCE

THE expLorTATION AND Utilization of water for irrigation require that there are periodic
evaluations of its utility and efficiency of use. This concern with performance within the
irrigation sector is increasing as pressure grows on water resources in all parts of the world,
and as concerns increase regarding the sustainability of irrigated agriculture systems. Any
enterpriserequires feedback on the management of resources and the end result in terms of
increased output.

Duringthis century there has been adramaticincreasein the area irrigated. Most of this
expansion has occurred through capital investmentsin infrastructure for the capture, storage
and distribution of water, and in the conversionof rain-fed areas into irrigable land. Thistype
ofdevelopmenthas ¢rented a number of groups whohaveadi rectconcernontheperformance
of the irrigationsystem:investors, policymakers, planners, managers and users. Bach of these
groups has to be able to assess the effectivenessof the systems in which it has a stake. Todo
thisthese graups require notonly basic information about the inputs and outputs of the system,
but also a framework within which this information can be processed and evaluated. This
framework has to be capable of allowing assessment of the performance in individual systems
and permit comparisons with other systems and even other sectors of the economy to
determine the relative utility of the initial investmentsand operational inputs.

Withoutsuch a framework and its associated set of indicators, performance assessment
remains a subjective process that has little value for improving irrigation management. Yet,
despite the frequently stated concerns with poor performance in the sector, there are few
agreed indicators and no agreed framework for performance assessment.

DEFINITIONS OF PERFORMANCEAND PERFORMANCE
INDICATORS

Abernethy (1989) defines performance &s:

The performance oFa system is represented by its measured levels ofachievement
in terms of one, or several, parameters which are chosen as indicators of the
system’s goals.



Thisdefinitioncarrieswith itanumberof implicitassumptionsthatareatthe heartofthe
problem of performance assessment.

Thefirst issue is that of scale and audience: the “system” can be at a number of different
levels, from the water delivery system upwards through the individual irrigation system, the
irrigated agriculture system and up to national level. Each level has a set of goals that may or
may not coincide, and each requires a different set of performance parameters.

A common problem in performance assessment is transference of goals from one level
to another. This can best be illustrated by the difference in goals included in the design of an
individual frrigation project (e.g., increased production over rain-fed agriculture orefficient
water distribution) compared to those at national level {¢.g., foodgrain self-sufficiency or
equitable distribution of benefits). While such different goals should not be incompatible,
they require different indicators and a different assessment time frame. These ideas are
discussed furtherby Small and Svendsen (1992)in their paper on A framework for assessing
irrigationperformance atdifferent levels of anested hierarchy thatranges fromthe irrigation
system to the national social and political system.

The second issue is the extent to which performance is represented by the outputs from
the system as opposed to the performance achieved in managing availableresources towards
specified goals. The distinction could perhaps be better demonstrated by referring to
operational performance and strategic performance.

Operational performance is the degree of fulfillment of either a specific quantified
output target, typified by such things as yield, water use efficiency, and cropping
intensity, or a specific input target such as discharge, water level or timing of irrigation
deliveries. Foncomparative purposes between systems, output performance isfrequently
best expressed asadimensionless ratio, or percentage. More commonly the output itself
is treated as a measure of performance, but this does not favor comparison because of a
host of site-specific influences: simple comparison of yields between different systems
may not make much sense without knowing a great deal more about potential or possible
performance levels that could be expected. Within the bounds of a single system,
however, actual values areuseful when treatedas atimesequence, on theassumption that
managers either try to increase certain factors such asyield or water use efficiency, or act
tominimize others, such as poor water quality or other signs of potential environmental
degradation.

The sameistrue forinputs. Atany given location atime series analysis of real values may
be the most useful measure of performance, but dimensionless ratios are more effective
in comparing performance at different locations during the same time period.

Strategic performance looks at the process by which availableresources are utilized in
order to fulfill the eventual outputs of the system, and involves assessment of the
procedures by which targets are set in relation to both available resources and the
objective setting process. This means that it includes evaluation of performance of
individuals in matching objectives and targets, in identifying and utilizing performance
parameters that effectively reflect those objectives, and in responding to unexpected
changes in resource availability. While assessment of managerial performance is less
neutral and more individual than assessment of output performance. it may more clearly
identify ways in which performance can be improved.
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The third issue arising from Abernetiy's definition is the change in performance
expectations over time. An effective management system has to adjust to changes both in the
external environment and within the system, and also have a capacity to modify goals and
targets as a consequence. The danger of developing and using a specific set of output
parameters is that they will continue to be used even though they no longer adequately reflect
the changed conditions affecting the system, or changed objectives.

These comments notwithstanding, this approach to performance assessment for irriga-
tion has roots in the ways in which business assesses its management. Ansoff (1979) states
that from the viewpoint of society, the effectiveness of an organization’s activities, whether
profit or nonprofit, can be measured by two complementary criteria:

1. Thedegreetowhichthegrganizations’ products/services respond to the needs
of its customers; and

2. Theefficiency with which the organizationuses resources in supplying these
needs.

To paraphrase this, the performarnce of an organization (the effectiveness of its activities)
isameasure both of the degree of fulfillment of the output objectives (customer satisfaction)
and the management of available resources (efficiency) in accomplishing this. To facilitate
this process amanager must selectase* of parameters to measure and describe performance.
Performance indicators, by providing information on past activities and their results, help in
making informed judgments which may guide our decision making about future activities.

At this point, it is important to make a distinction between objectives and targets as they
represent different aspects of the manager’s task. The definitions used in this paper are as
follows:

An objectiveisabroadgoal that reflectsthe overallpurpose of the irrigationsystem

or the sector within which the irrigationsystemfalls. Typically, objectivesare not

precise, exemplified by such phrases as crop diversification, equity, adequacy, or

sustainability.

Defining objectives such as these is the starting point for system managers to develop
shorter-term operational plans that can be monitored and controlled. For this reason it is
important to have tangible or quantitative targets.

A target is a specific value of something that can be measured: it provides
operationalstaffwithinformationon thedesiredconditions that shouid be met ifthe
objective is to befulfilled.

For an objective such as equity of water distribution, for example, specific discharge
targetsat eachcontrol ormeasurement point need to be develaped so thateachgatekeepercan
work in isolation to meet a specific numerical discharge target and yet simultaneously be
fulfilling theoverall equity objective for thesystem. Deviations from the target providequick
feedback to managers asto theextent to which the overall objective isbeing fulfilled, through
the use of performance indicators.

Performanceindicators do more than measure the value of a particular itemsuch
asyield or canal discharge. They have te include a measure of qualityas well as of
quantity,and be accompaniedby appropriate standardsorpermissible tolerances.



If the value of the indicator falls outside a particular range of values then
performance ipresumed to be unsatisfactory.

This approach clearly distinguishes between output (the results) and management (past
activities); the ultimate utility of a particular set of performance parameters is that they guide
managersinto betterperformancein the future because they facilitatejudgement astothe leve)
of performance actually achieved, and the underlying causes of that level of performance.

STANDARDS OF COMPARISON

Judgement of performance requires some standard of comparison. Within the field of
irrigation management two approaches adopted so far have been:

1. Thedevelopment of performance indicators that can be applied toirrigation systems
worldwide. The performances of a particular system can then be compared with
performances of similarsystems elsewhere. Bosand Nugteren {1974) followed this
approach for irrigation efficiencies, using qualitative and quantitative data. Small
and Svendsen (1992) produced a framework for assessing irrigation performance
thatin principleisapplicable worldwide, but thusfar itis only qualitative. Abernethy
(1989) also made recommendations for a limited set of indicators which might be
adopted as standard (refer to glossary in Annex 1 for description) of some selected
indicators. While this approach allows acomparison of the outputs or achievements
of a particular system with some universal standard, it provides little or no
information on what caused that level of achievement: the resources used in
obtaining the results are not considered, and managerial inputs are not assessed.

2. Thecomparison of actual results with what was planned. Figure 2.1. from Wolters
and Bos (1990}, shows how comparison of actual with intended results provides
information on the need for corrective action. While the flow chart is drawn up for
irrigation water management, the same procedure can be followed for any of the
tasks in an irrigation system. This approach is clearly process-based. It is also
flexible in that it is not tied toany given set of performance indicators: as long as the
indicators clearly reflect the targets laid down, the process will be effective.

The second approach provides guidance for corrective action, which the first approach
does not always give. Thefirst approach allows comparison of irrigated agriculture systems
worldwide, which the second does not.

Ideally, what we want is a procedure that effectively utilizes both kinds of performance
indicators. Because the use of these two setsof indicators is not yet common in the irrigation
world, we shall first explore their use in the business world.



PERFORMANCE INDICATORS IN BUSINESS

Commercial companies worldwide have been using more or less universally applicable
performance indicators for over 400 years. In the last century, an applied science called
management accounting was developed, which Anthony and Reece (1983) describe as

the process within an organization that provides informarion used by an
organization's managers in planning. coordinating and controlling the
organization's activities.

Withinthisoverallconcern formanagementaccountingitisusefultodistinguishbetween
different types andlevelsofperformance, each requiring differentassessment procedures and
indicators.

Overall Performance

From Ansoff’s definition, we can immediately derive an indicator that is used all over the
world for expressing the overall performance of a particular business. The Return on
Investment (ROI) is calculated as:

(Income from transactions) — (Costs incurred)
ROI =

Resourcesemployed

We can do this by expressing everything in money: the degree to which the organiza-
tions' products/services respond to the needs ofits customers is simplyreplaced by revenues
fromsales, which is indeed an objective measure forcustomers' appreciation of the products
or services. Also, all of the costs incurred and resources employed are expressed in money
terms, according to accounting principles that are basically the same all over the world.

All companiesthat have issued sharesare required by law to issueannual, independently
audited financial statementsfromwhich shareholdersand other interestedparties can readily
obtainthe ROI, which allowsthem to comparethis year's overall performance of the business
they have invested in with those in other years, or those of other companies. Individual
shareholderswho are not satisfied with the ROl achieved by the company may, on the basis
of the information provided, decide to sell their shares and invest in another company.
Shareholders can also get together as a group and consider the need for changes in the
company's management.

Within the irrigation sector, the parallel is in terms of overall sector performance. An
objective such as foodgrain self-sufficiencycan be easily determined. the investment in
irrigation compared to the costs incurred, and a decision made as to whether to promote or
discourage further foodgrain production. However, it does not immediately identify the
causes of shortfall: for this, a more detailed evaluation of performance of the individual
components of the sector is necessary.

In business this is done using the company's financial statement (Figure 2.2) that gives
a more detailed picture of profit and loss of each component, and the managerial decisions
that are associated with each broad activity.



10

The operating statement reflects the effects of management’s operating decisions on
business performance and the resulting profit or loss. It lists the revenues for a specific period
and the costs and expenses. Revenues and costs involve such elements as sales, purchase of
goods and servicesforresaleormanufacturing,paymentofwages, interestexpenses, research
and development, etc. By expressing these various items as a percentage of revenues, the
analystobtains a dimensionless ratio which, like ROI, can be compared with ratios obtained
in other years. or with ratios of other companies in the same type of business. Any
abnormalities draw the attention of the analyst and pinpoint theissuesthat need tobeclarified
by the company’s management.

Operational Control

While financial statements provide,information that allows the company management and
stakeholders to assess business performance, they are not detailed enough for operational
decision making. This requires performance standards which are specific to the particular
type of business.

Business managers make plans for providing products or services that will contribute to
the overall net profit of the business. In order to evaluate the profit potential of each of these
plans they prepare an income statement for the next budget period, including all of the
estimated costs related to producing and selling that product or service, the probable output,
and the expected revenue. In drawing up these estimates, planners make use of dafa on past
performance and must make assessments of likely conditions in the future.

Each part of this income statement is identified with the executive or group responsible
forcarrying out that part. Foreach operatien, performance standardsareset insuch a way that
performance according to those standards will produce the estimated profit. During imple-
mentation of the selected plans, management control consists of comparing actual perfor-
mance with the standard, and taking corrective action as required. Inso doing, however, there
islittle or noexpectation ofchangingtheoverall purpose or directionofthe enterprise: in other
words, the objectives do not get changed every time there is an operational shortfall.

This process is essentially the same as the one in Figure 2.1which depictsthe irrigation
watermanagement process. Operationalmanagementof irrigationsystemsis not significantly
different fromany other enterprise except that rather than dealing with profit, the emphasis
ison achieving Specifictargets. The process is identical for assessment of seasonal or annual
performance and for assessment of water delivery performance on a short-term basis.

Drawing up operational performance standards that accompany the targets set by
managers serves several purposes (Anthony and Reece 1983):

1. Asanaid in making and coordinating plans,

2. Asadevice forcommunicating to managers and employees within the organization
what is expected of them,

3. Asaway of motivating these managers and employees to achieve the targets set for
them,

4. As a benchmark for controlling ongoing acfivities.
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5. As abasis for evaluatingthe performance of individual managers and employees,
and

6. Asaway todevelopinsights into the detailed workings of the various parts of the
organization and their interrelationships.

A weakness in irrigation management compared to business enterprises is that there
appears to be less concern with standards. In most irrigation systems discharge targets are
giventogatekeepersbut noparallelinformationisreadilyavailableto indicatethepermissible
level of deviation. Such a lack of standards immediately makes the process of operational
control much more difficult because all deviations are treated as an equal error irrespective
of the actual value of the deviation. and little effort is made to rectify management at those
locations where deviations are first encountered.

Strategic Control

In awell-managed businessthereisa parailel process of strategicreviewand decisionmaking
that examines whether the fulfillment of targets is actually fulfilling overall objectives. The
seniormanagement of a businessenterprise periodically reviews the degree of performance
of individual components of the enterprise, and makes strategic decisions that will help to
addressdeficiencies. These strategic decisions might include dropping an unprofitableline
orproduct fromtheoverall range, reorganizationtomakeinterrelationshipsbetween different
divisionsmore effective, dismissal of inefficientmanagers or operators, or investment in new
technology. Failureto do so may lead to a business becoming outof touch with itscustomers,
and inefficient in resource use. Ultimately it will go bankrupt.

Whatever the measure, the process by its very nature requires an evaluation not merely
of operational performance but of the objectives of the company itself. Further, the
environment within which a particular company operates is not static: consumer choices
change over time, there may be new policies or legislation that force companies to modify
existing operations, or there may be changes in the relative price of inputs that require
rethinking of efficiency.

Put in another way, the process of strategic control simultaneously asks two questions:

“Am I doing things righf?” (did | meet the targets?), and
“Am I doing the right thing?” (does this also fulfill my objectives?)

It is the answer to both these questions at the same time that determines the overall
performance of an enterprisein respect of both output or services provided and the internal
management performance of the company.

An obvious parallel can be drawn from irrigation: assuming that national objectives for
the irrigation sector include productive, equitable and sustainableagriculture, a set of water
delivery targets can be drawn up for each system. It may be that the targets achieve only one
or two of these objectives at any given time, and a set of priorities must be drawn up for each
time period. Many irrigation societies have stressed short-term production and equity
objectives, but have paid amuch larger cost in terms of long-term degradation of the physical
environment.
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Using Performance Indicators in Business

Althoughit isobviousthattherecannotbeadirecttransfer ofbusiness principlesto irrigation
management, it isworth reflectingbriefly on what performance indicatorsdo for the business
environment:

L.

They fulfill a legal obligation to demonstrate performance (in the form of annual
financial statements) for use by shareholders and other investors. The closest
parallel to this in irrigation is water rights or some similar process of allocating
resources between users, with an annual accounting that clearly shows whetherthe
right has been properly satisfied.

They require businesses to maintain a detailed and accurate record of day-to-day
transactions, both for reporting and for evaluation purposes. Similarly, for irriga-
tion, determination of whether a water right is satisfied annually or seasonally
requires daily or weekly discharge deliveriesto different locationsin the system.

They provide the basis for performance standards for planning, operating and
controlling the business; operational performance indicators can be viewed as
critical variables in a model that describesthe contribution of individual activities
to the overall result:

a. In the planning stage, such models provide guidance in selecting among
potentially profitable activities; performance standardsused in these models
are based on projections of historical data from the company itself or from
available data from other firms in the same type of business.

b. During implementation, the model is tested and refined, through constant
monitoringof operational performance and measurement of its contributionto
the overall result.

c. Controlconsistscftaking corrective action when performance standardsare not
wet. If achieving some of the performance standard proves unfeasible, more
resourcesmay be allocated or performance standardslowered, but in eithercase
the resulting ROI must remain acceptable.

This type of performance-responsive framework is not unique to business: it
represents a cyclical precess of planning, implementing, monitoring and control,
and review and evaluation (Murray-Rust 1992).

In a competitive commercial environment, precise and accurate performance
indicatorsare required to:

a. detectdeviationsbetween actual and planned performance at all levelsand take
corrective action because not doing so jeopardizes profitability, and to

b. improveon existingstandards,in order to stay ahead of competition,but not to
the point where standardsare unprofitably high.
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Whiletheseconditionsare clearly orientedto the profitability of particular concerns,they
also apply to monopolistic enterprises where one of the primary clients is the government
system of regulation and control.

Where agovernmentdecidesthat amonopoly is an acceptable basis for industry it must,
to maintainasmuch efficiency aspossible, provide both a set of standards which the industry
must achieve, and regulate the industry to ensurethat it is doing so within a predetermined
set of conditions. Thus, although the driving mechanism is not profitability, there is still a
process of accountability built into the systemto ensurethat efficiency levelsareacceptable.

Irrigated agriculture, especially large-scale irrigation developed using capital from
central governments and operated and maintained with the assistance of government
subsidies, is more closely allied to a monopoly than a profit-motivated concern. The
accountabilityis not only to the users but also to the government. It is therefore possible to
aansfer at least some of the lessons fran business to irrigation management in respect of
provision of servicerather than of making profits.

PERFORMANCE IN IRRIGATED AGRICULTURE.

An Overall Framework for Performance Assessment and Diagnosis

A generic process of performance assessmentcannot be solely output-oriented. To be sure,
outputs are integral to the assessment, but they are used to determine opportunities for
improvement within the entire management cycle, not merely in raising the level of outputs
s a singlegoal.

Figure 2.3 presents a summary of the paths by which a diagnosis could be undertaken.
By asking a series of questionsthat help to identify some of the causes of poor performance,
possible ways in which management performance could be improved are identified. The
diagnosisfallsinto two parts: anevaluationofthedegree towhich initial objectivesand targets
were met, and a diagnosis of activities that require priority attention if performance s to be
improved.

Atthe outset, it is obviousthat the element of managementcontrol, the process by which
the effectivenessof the various management functions of planning, organizing, and imple-
menting is reviewed and adjusted, relies on having good information. If good data are not
available, then there is no possibility of making a careful analysis of the problem:

If, and only if, theappropriatedataareavailable isif possible fo undertake alogical
and analytical process of performance assessment.

Anumberofpossiblecasestudiescouldnotbe included inthis study becausethedatabase
was inadequate.Personal experiences at field and system level suggest that many irrigation
agenciesdo not keep good records of field-level conditions: indeed, most of the case studies
are based on research activities specifically designed to measure real life performance.
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Targetand Objective Achievement

A fundamental characteristic of the process summarized in Figure 2.3 is that information on
outputs from the system is not usedas the end result, but as the first step in assessing system
management. There is no valuejudgement made of the level of output, but a clear analytical
assessment made of whether the outputs are the same as those intended during the planning
process. Put as simply as possible, if the desired targets and objectives were achieved, then
the analysis of performance is concerned with whether the targets and objectives were
ambitiousenough, or whetherthey could have beenaccomplished withgreaterefficiency. The
ideal performance, “things were being doneright"’ and “theright things were being done,” can
be described as follows:

The ideal level of performance can only be achieved when targets were achieved,
objectives were fulfilled, and there was an efficient use of available resources.

An output-oriented evaluation may lead to complacency if targets are met because the
assessment does not look at the efficiency with which the target was met:

If targets and objectivesare met but resource use Bnot efficient, thenperformance
can be improved by institutional modifications that lead to better resource use: this
can lead either to a reduction in resource utilization or a definition of a more
ambitious set of objectives to make use df the spare resource capacity.

This second diagnosis is more likely than achieving the ideal because itis improbable that
efficiencies are maximized. However, the end result is a success for management and the
diagnosis merely reinforces the desire of agood and motivated manager to do even better in
the future.

As an example of the difficulties faced in undertaking performance assessmentstudies,
it is salutary to recall that Yudelman (1985), a former Director of the World Bank’s
Agriculture and Rural Development Program, confirms that irrigation projects often defy
planners’ expectations:

A recens survey undertakenby the author of 12 irrigation projects showed that these
projects together cost almost twice their expected cost of $800 millionandprovided
water enough to irrigate only two thirds as much acreage asprojected.

We have seen earlier that in a business environment nothing is obtained by setting
standards higher than what can realistically be achieved within the concept of overall
profitability. Settingunrealistic standards in the planning stage may lead to wrong investment
decisions, which undermine the company’slong-term profitability and even its survive],

Yet, in the case of investments in irrigation development, there are organizations that
seemtobe ableto get away with unrealisticplanningassumptions: by thetimetheconstruction
of the irrigation system is completed, mostofthese organizations’ own objectives arealready
achieved and their direct involvement with the system comesto an end. In other words, long-
term performance is far less important than generating the next cycle of projects.

In our perception, the above conditions present a serious constraint to achieving a
performance-oriented attitude in irrigation system management: if the expectations are
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perceived as unrealistic by managersat the very outset. then there is little likelihood that they
will make a serious effort to achieve them.

Todoso requiresa clearerdefinition of what the organizationreally is, and who arethe
different customerswhose interests are, presumably, taken into account by managers within
the agencies or organizations responsible for irrigation.

Organizations and QUstO"ersin Irrigation

As discussed earlier, Ansoff (1979) stated that the effectiveness of an organization can be
measured by two complementary criteria:

1. Thedegree towhichthe organizations’ products/services respond to the needs
of its customers; and

2. Theefficiency with which the organization uses resources in supplying these
needs.

If we want to apply Ansoff’s definition to irrigated agriculture, a clearer understanding
of both “organization” and “customer” is required.

1. Whois the organization ?
2. Who are its customers ?

Organizationally,the irrigated agriculturesystem is frequentlydividedhierarchically by
basic functionsrequired at each level. IIMI's current strategy documentclearly indicatesthat
overall performance requires attention to three different levels (IIMI 1992). These parallel
the nested hierarchy of Small and Svendsen (1992).

At the highest level, frequently referred to as the irrigation sector. the primary
constituentsare policymakerswho are concerned with the overall performance of the sector
vis-a-vis other sectors. This may well affectdecisionson annual appropriationsfor operation
and maintenance. strategiesfor focd self-sufficiency,importsubstitution,poverty alleviation.
or the relative share of water and land resources to be devoted to agriculture rather than to
industry or urban growth. Thesesector-level planners must alsohave a concern for long-term
sustainability of the physical, financial and social systemsthat supportsector viability. They
work directly with investors who are willing to provide capital for the sector.

Below the sector is the agency level, where various institutions share responsibility for
management of inputs and servicesthat support the farming community. In some cases, there
are multipurpose agencies charged with greater coordination. although internally they are
oftendivided up as if they were effectively differentgroups. There is an increasing trend to
allow such activities to be undertaken by the private sector. Included in this level of the
hierarchy are those responsible for allocation of resources between irrigation managersin
different dismcts and systems: within the government hierarchy, this is the irrigation agency
which will be charged with the task of translating overall government or national objectives
into regional and district targets.

Thethird level is that of the irrigation system. Normally this is defined hydrologically
because the primary function of irrigation at this level is the allocation and distribution of
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water. Frequently, managers are viewed as synonymous with the system-level engineers
within the irrigation agency, although a significant percentage of the total irrigated area in
many countries is operated and maintained by farmers. Management of larger systems is
normally geared towards the fulfillmentof specifictargetsthat reflect the objectives laid down
at agency level.

This hierarchical distinction is of great importance. If the level which is being assessed
is not clearly specified there isa risk of confusing the objectives of one level with the targets
of another. A typical example might be to blame a system manager for inequitable water
deliveries when the objectives laid down by the agency refer only to production.

There is also a similar range of customers. Just as a business has a range of different
customers and stakeholders (consumers, shareholders, Board of Directors and bankers),
irrigated agriculture has a similar range.

The ultimate customers of irrigated agriculture are the consumers of agricultural
products. At the level of the irrigation system the customers are the farmers. Irrigation
agencies are designed specifically to either deliver water asa service, or to sell it to make an
operatingprofit, and must thus treat farmers as the primary customer.

A different set of stakeholders are individuals within agencies who are concerned with
job security, promotion. pay, or professional recognition and who are dependent on the
effective performance of the irrigation organization at different levels to meet these aspira-
tions.

Many irrigation systems are evaluated in terms that satisfy donors or investors who
provide the initial capital for system construction, renovation or modernization or, to a lesser
extent, for operational costs. The evaluation may be narrowly focused, such as the cost-
effectiveness of a particular system or may look at broader contributions to the national
wealth.

Finally, and increasingly important, is s recognition that future generations are legitimate
customers: they have a right to expect that the current generation will manage resources
sufficiently carefully that there is no overall degradation or loss of potential of the natural
resource base.

FOCUSING ON IRRIGATION SYSTEM PERFORMANCE

Thisstudy is not a ful] evaluationofperformanceatalllevels oftheirrigation sector. It focuses
on the issue of management of the main system and, in particular. on the allocation and
distribution of water from the source of the system to the point where individuals or farmer
groups take over responsibility for these tasks.

Inthisdocument, theorganizationwill bethemanagersofthemainirrigationsystem, who
areresponsible for supplying irrigation water and perhaps other services to farmers, whom
we consider as their customers. The way we distinguishbetween main system managers and
their customers differs from the role distinctions made by Small and Svendsen (1992):

First, our definition of an irrigation system includesfarmers acting in their role as
irrigators, while excluding their paratiel role in other aspects of crop husbandry.
This distinction is necessary to establish a clear analytic separation between the
irrigation system and the agricultural system. Second, in the case of public
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authorities responsible for both irrigation activities and other services such as
agricultural extension. only the irrigation-related roles are consideredto be part
of the irrigation system

While we sympathize with the need for “a clearanalytic separation.” our parallel with
businessperformance requires us to divide the world into organizationson the one hand and
their customerson the other. A major advantage of making this division is that it makes very
clear whois responsiblefor the overall process of water allocationand distribution. This does
not exclude fanners from certain important decision-making processes: identification of
seasonal or annual objectives, determination of concepts of equity, and concurrence with
proposals forxhedulingofdeliveries, but dees requireoperational division between the roles
of irrigation agencies and farmers.

There are, of course, also farmer-managed irrigation systems. This does not present a
major conceptual difficulty:in those cases fanners are the managers of the main system and
at the same time they arc their own customers. Planningand decisions on how to sharewater
at system level are undertaken as a collective activity while individuals manage their share
on their own farm.

Now we are ready to give a definition of the overall performance of main system
management.

The overall performance of main system managers depends on two complementary

criteria;

1. Thedegree to which the services offered by the main system managers respond to
fanners’ needs, within the limitations imposed by national policies and objectives
and by overall resource availability; and

2. Theefficiency with which the irrigation system uses resources in providing these
services.

It should be noted that the requirement to use resources efficiently is not limited to
resources that have an economic cost: efficient, or at least responsible, use of water is also
called for. even when water is viewed as a free good.

Thelackofadirecteconomic linkagebetweenmanagers’ performance and the needs and
requirements of fanners means that a differentset of linkages needs to be established that
provides the motivation and regulation of the performance of the managers.

To ensure adequate performance of irrigation system managers, the expected service
must be clearly defined. The process by which service criteria are established is essentially
one of negotiation. We shall not attempt to give general guidelines on how this negotiation
needs to be conducted nor by whom. It would Seem that water users, system managers, the
irrigation agency, and those agencies who are providing other services to support irrigated
agricultureall need to take part.

The general statement that we wish to make, however, does not refer to the negotiation
process, but to its outcome. We insist that whatever the services decided upon, these must be
expressed in the form of an agreed contract, which includes a definitive statement of:

the performance indicators to be used to measure the adequacy of the services
provided by the irrigation system managers,
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*
themethodstobeusedfor obtaining these indicators, the frequencyof measurement,
the method and frequency of reporting the results, and to whom the results will be
reported, and

*

the consequences of not meeting the agreed performance standards.
However, there is no infinite degree of flexibility for either managers or water users:

the level of service that can be provided by the irrigationsystem managersand the
appropriate performance standardsfor aparticularsystem are greatly influenced
by the design of that system.

The services that can be provided by irrigation system managers will depend in large
measure on the flexibility or rigidities built into the design of the physical infrastructure of
the system and the accompanyingmanagement system.

Before proceeding to performance from selected case studies, presented in Chapters 4
and 5, the next chapter looks at different design environmentsin terms of their potential for
managers to provide different types of service, which in turn will affect the level of
performance that can be achieved.



Figure 2.1. A simple flow chart of irrigation water management.
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Figure 2.2. Generalized overview of financial statements.
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Figure 2.3. Flowchart to show process of performance assessment and diagnosis.
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CHAPTER 3

Design-Management Environments and
Irrigation System Management Objectives

DESIGN-MANAGEMENT ENVIRONMENTS

THE PRIMARY CONCERN of the irrigation manager at system level is the delivery of water
throughout the canai system in accordance withplansdesigned to facilitate the productiveuse
of this water for agricultural production. Depending on the nature of the agency, this overall
objective may be supplemented with others that relate to such aspects as income genesation,
environmental concerns, or the general social well-being of farmers and their families. These
will all affect the water allocation decisions required at an annual or seasonal time frame.

However, on a day-to-day basis, the manager is mostly concerned with the appropriate
distribution of water'within the water conveyance system. There is much lessconcern forhow
that water is actually utilized or distributed between adjacent farmers or farmer groups
because the main system manager has little direct control over these aspects of irrigated
agriculture.

The way in which the manager can achieve the proper and efficient distribution of water
is affected by two primary conditions which cannot be changed in the short run:

* the design of the physical infrastructure of the system and its layout which
determinesthe locations at which water can be controlled and distributed, based on
assumptions at the design stage concerning probable agricultural patterns and
climatic conditions; and

the principles of water allocation between water user groupsor individuals, and'the
strategies to be adopted when there are changes in overall water availability at the
head of the system.

The degree to which the manager can or cannot make short-term adjustments is affected
by the organizational and institutional environment which determines operational proce-
dures, staffing levels, financial resources for operations and maintenance, monitoring and
evaluation processes, and the legal environment within which the system will be managed.

The combination of these conditions is the design-management environment within
which irrigation performance at system level has to be assessed. A basic hypothesis
underlying the entire study is that if the physical design, the water allocation principle, and
the supporting institutional and organizational arrangements are not carefully matched, it will
be difficult if not impossible to attain high levels of performance.
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This chapter provides a broad classification of the main design and water allocation
environments: for each environmenta description is provided of the primary characteristics
of the physical design of the irrigation infrastructure and the types of water allocation
principles that can be supported by that design.

PHYSICAL DESIGN OF CANAL IRRIGATION SYSTEMS

Variations in each ofthecomponentsof thedesign-management environmenthavesignificant
impacts on the subsequent performance of the system. This subsection provides an overall
description ofthemain variantsthatare found, while the fol lowingsubsectionexaminessome
of the interrelationships between them.

Upstream Control Systems

Upstream control systems comprise the vast majority of irrigation systems in the world.
Upstream control means that discharge or water level iscontrolled by operating a gate at the
upper end of a canal or a canal reach. Operation of gates further downstream does not affect
the upstream inflow condition. A distinction has to be made between systems that achieve
water division by using fixed division structures and those that have gates at offtakes along
the canal.

Fixed division systems are those where water can only be managed at the head of the
canal; discharges intosubsidiarycanal sorofftakesalongthecanalareachievedthrough fixed
division structures that do not have gates.

Two design variations exist within this class of systems that cater for different water
allocation principles. Water division is done either by:

*
fixed overflow weirs, where the width of each section of the weir is in proportion

to water rights based on a percentage share of available water; or by

submerged orifices that are designed to deliver a relatively constant discharge into
the offtake over a range of different water levels on the upstream side of the offtake.

Gated division systems have gates at each offtake along the canal, allowing water to be
manually controlled at every bifurcation in the system. Three variations in the basic design
that directly affect management potential exist. based on the degree to which it is possible to
manage the water surface elevation on the upstream side of each offtake gate:

* . . .
no canal cross-regulation, where the water surface along the entire canal is

determined by open channel hydraulic relationships between discharge and head;

fixed cross-regulation, utilizing weirs or other structuresthat result in stable head-
discharge conditions on the upstream side of each offtake gate; and

gated cross-regulation, wheregates *rt the canal itselfcan be used tornanage water
levels irrespective of the actual discharge.



Downstream Control Systems

Downstream control systems are designed to permit instantaneous response to changes in
demand by automatic operation of gates throughout the system. Most downstream control
systems use balanced gates that open or close in direct response to changes in water level on
the downstream side of the gate, although there arealso systems that have electronic sensors
that respond to changes in water level and send signals to electrically operated gates. The
choice of technology adopted does not affect the purpose of the system.

This report does not include assessment of performance in downstream control systems.
Atthetime of writing there were insufticientdatatopermitapropercomparison withupstream
control systems. It is strongly hoped that such a study can be initiated in the near future.

WATER ALLOCATION PRINCIPLES

Anessential component of the design phase is knowledge of the principle by which water will
be allocated between individuals or groups of water users. Simple and static water allocation
rules may be supported by simpledesigns, while complex rules may require complex systems
for water control. Water allocation is normally defined by two sets of rules. The first set of
rules determines the principles by which water will besharedbetween individuals, and forms
the basis of waterrights, The second is the degree of conditionality of the right, normally based
onadetermination of actual water availability atthe head of the system. Itisthe combination
of these two sets of rules thatdetermines theoverall right to water in each System, at any given
moment in time: the rules have to be clearly known before any assessment can be made of
performance related to water distribution.

Water Rights

Every system has to have a known principle by which individuals or groups have an
established right to water: the principle is normally permanent and may have a legal basis.
Different bases for defining water rights include:

*  Share per unil area, where available water is divided on a percentage basis
determined by the potential irrigable area: shares of this nature do not guarantee a
specific discharge because the percentage is independent of total water availability;

*  Shareperpersonorhousehold, anuncommonright whereeach individual or family
groupisentitled toashare of available water irrespective of sizeof landholding (and
in some cases may include landless households);

*  Fired dischargeper unil area, where water isdelivered volumetrically in propor-
tion to the potential irrigable area;

*  Fired volume, where each water user is entitled to a maximum volume of water
during an irrigation season. although the right may vary between individual water
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users based on precedence or purchase of the water right: timing of water delivery
isnormally based on anindent or request systemto system managersto allow for ease
of scheduling, but does not affect the total right for the season;

Instantaneous demand, where there are no restrictions imposed and individual
water users can take as much or as little water asthey wish at any given momentin
time: this requires a parallel set of institutional mechanisms to regulate demand,
normally water pricing based on actual volume used; and

Informal or undefined rights, where access to water varies in time depending on
the local power structures: in somecases it may be anarchic, in others it may rely on
a process of frequent negotiations that reestablishes or reaffirms traditional rights.

Conditionality of Water Rights

When there is insufficient water to meet all demand, or where there is a specific effort to
control cropping patterns at system level, some mechanism is required that can modify or
suspend access to water on a seasonal or annual basis. For this to be effective there has to be
some clearly understood planning process before the start of each season that determines
whether all rights will be met or whether some rights will be suspended or modified.
Vagiations in conditionality include:

* Suspensionofrights, where specified portions of the command areaare scheduled

or programmed for irrigation, the remainder not being perniitted to irrigate at all;

Priorify of access, where some areas receive their full right and others receive a
reduced share: this may be associated with a regular and predictable imposition of
crop production programs such as those of Sudan and Egypt that regulate demand
atsystem level, or by a set of individual cropping decisions based on whether they
have a high or low priority for obtaining water; and

Temporary rotational irrigation, where access to water by groups of users is
regulated by time. This may or may notresult in a change in right, depending on the
way in which water is normally shared between users.

INSTITUTIONALAND ORGANIZATIONAL CONDITIONS

As discussed under Design Management Environments (at the beginning of Chapter 3) the
design-management environmentincludesthe institutionaland organizational conditions that
directly affectthe capacity of managersto achievethe water allocation targets that have been
established.

Unfortunately, the case studies used in this report rarely describe institutional or
organizational conditions. It is therefaredifficult to make a specific categorization of these
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agects. Obvicusly there is considerable diversity betweendifferent countries and even within
countries. and there is a greater degree of variability over time than in either the physical
design of the system or in water allocation principles. Conditions that affect management
capacity include:

Staffing Levels and SkKills

Each combination of design and water allocation principle requires a particular staffing
pattern: the more gates that are present in the system the more staff are required. The canal
layoutand the physicalenvironment alsodirectly affect raaintenance requirements. However,
staffing levels are influenced by the degree of mobility and the extent to which some gate
operation and maintenance activities are the responsibility of water users.

The physical infrastructure may also determine the required skill level of operational
staff, particularly where more sophisticated infrastructure is involved. Maintenance skill
levels are higher for automated or hydraulically controlled gates than for simpler control
facilities.

Financial Resources

Theannual allocation of financial resources for operation and maintenance has an immediate
impacton likely staffing levelsandthe balancebetweenestablishmentcostsandtheresources
availablefor maintenance and repairs to infrastructure. Where most of the resources are used
for paying salaries and benefits there is a greater likelikood that physical infrastructure will
not be maintained effectively.

Implementation Responsibility

The institutional environment determines the relative importance of direct and indirect
responsibilities of each agency for provision of inputs. In many countries government
agencies have full responsibility for operationand maintenance down to a specific level of
the system, at which point full responsibility is turned over to water users. In others, thereare
aress where there isjoint responsibility for operation or maintenance between government
agencies and water users.

Agricultural inputs may or may not be the direct responsibility of a single agency, and
even within a single multi-inputagency each subdivision may or may not act in a coordinated
fashion. The consequenceis that coordination across these responsibility boundaries may be
difficult; this may have a direct impact on performance in the agricultural, economic and
social sectors. In somecases they are the full responsibility of the private sector, thus further
reducing the influence of government agencies in affecting overall performance.

Boundaries for implementation responsibilities may not be the same as for monitoring
responsibilities. In these cases there must be proper coordination and flow of information
between agencies.



28
Planning Functions

The way in which objectives are defined, at system and agency level and for wider sectoral
objectives, also directly affects the extentto which managers can accommodate performance
responsiveness into normal procedures.

Internal Procedures

Within each agency, whether or not it is single-input- or multi-input-oriented, there is a set
of internal procedures and policies that influence the capacity of the agency to achieve a
particular level of performance. These may be expressed as straightforward rules in
operational manuals that determine how specific tasks are to be undertaken, and include
reporting procedures for inputs and outputs.

Incentives and Accountability

Perhaps the most important aspect of all of the institutional conditions is the extent to which
agencies have built-in incentives to be responsive to actual performance. If salaries or
promotion are closely linked to individual performance, then it is likely that the system as a
whole will perform better than one where personal ambitions are not linked to performance
but to other criteria such as length of service or seniority. In some societies, concepts of
prestigeorshameareusedas waysofassuring high performanceby individuals, Ineithercase,
performance improvement will only come about if individual performance is directly linked
to opportunities to make improvements in the quality of management applied by those
individuals.

DESIGN-MANAGEMENT INTERRELATIONSHIPS

The interrelationship between the physical design, the water allocation principle and the
institutional and organizational aspects may have a major impact on the extent to which
different objectives can be achieved. This subsection addresses some of the more important
ways in which the design of the system interacts with management requirements.

Interrelationships between Design and Operational Objectives

In the context of the main system there isa wide range of potential objectives that can form
the basis for the day-to-day tasks of water distribution. It isthe choice of one or more of these
objectives that will dictate the appropriatedischarge orwater-leveltargetsto beimplemented
in the field.

Despite this, very few of the case studies actually specify the operational objectives of
the systems. It is unclear whether this is because it was not considered important, or because
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the system managers could not articulate these objectives clearly. In the cases where specific
objectives are not stated, it has been assumed that system-level objectives represent a
combination of one or more of three basic principles that are frequently incorporated into the
design and operational objectives of irrigation systems: adequacy, reliability and equity.

An indication of the potential of each type of design to fulfill these three broader
objectives is suggested in Table 3.1.

Adequacy

Adequacy is the capacity of an irrigation system to meet demands of farmers. It can be
managed in two ways: by matching cropping plans and calendars with estimated seasonal
water availability before the start of the season, and by adjusting operational targets in
response to actual demand during the season. A distinction must be made here between
supply-based and demand-based systems. Supply-based systems do not attempt to make
short-term adjustments in discharge even though demand is varying; demand-based systems
do.

Fixed divisionsystems are supply-based because there is insufficient control capacity
to permit discharges to be managed to meet changes in demand. Individual fanners or
water user groups manage demand through careful selection of cropping patterns.
Agencies may have an indirect role in providing advice on what cropping patterns may
be most suited tothe level of supply that is likely to be delivered, but the design provides
no opportunity to manage supplies differently if demand exceeds supply. Actual
deliveries will normally only exceed crop water requirements if fannersreduce seasonal
demand by modifying cropping patterns, except for periods of low demand during
harvest or rainfall.

Gated divisionsystemsallow for greater flexibility of water distributionto meet short-
term changes in demand, sothat it is possible to manage for adequacy more closely. This
does not preclude the necessity for an effective planning process that helps to setbroader
demand targets, based on assessment of previous performance and likely overall water
availability. There are significant opportunities for actual deliveries to exceedcrop water
requirements in these systems either through untimely or ineffective gate operations, or
because of deliberate disruption of the gate operation plan.

Reliability

Reliability is a more difficult objective to assess because it is subjective, dealing with the
qualityofirrigation servicerather than thequantity. Itcavers both thereliabilityofdischarges
orwater levels (stability) andthereliability of timing ofdeliveries (predictability). Depending
on the water delivery mode adopted in the planning stage either variability or predictability
or a combination of both may be important.



Fixed division systemshave a high potential for both stability and predictability when
they operateatorclosetodesigneddischarge.However, they are sensitive to fluctuations
in discharge at the head of the canal, which cannot be compensated for through any
downstream operational inputs.

Gated division systems have the potential to offer higher reliability in respect of both
variability and predictability, particularly where there is a large amount of cross-
regulation infrastructure. However, if managed poorly, there is a potential for very high
unreliability.

Equity

The mechanism for determining equity comes through the water allocation process. The
design of the system has to be compatible with the water allocation principle: if itis not, then
itisunlikely, if not impossible, to achievethe equity principle implicit in the water allocation
plan.

Fixed division systemsare particularly effective in meeting equity objectives based on
a percentage share of available water {e.g., share per unit area, per person or per
household) as long as the overall percentages stay the same. There is little capacity to
respond to situations where the basis for the share changes, such as expansion of the
irrigated area because then the design has to be modified at all locations within thesystem.
The netresult isarelatively static systemthat rarely, if ever, reassesses water allocation.

Fixed division systems also provide limited opportunities for implementing rota-
tions or other conditional aspects of water rights. Control over water is only possible at
the head of a canal section, and rotations must be between secondary canals rather than
between tertiary offtakes.

Gated division systems are essential to accommodate water allocation plans that are
responsive to short-term changes in demand. As the density of control infrastructure
increases, so the potential for greater management in response to equity increases.
Systems with gated cross-regulatorsprovide a larger potential to manage for short-term
changes in equity than those with little or no cross-regulation capacity, especially those
associated with conditional water rights when discharges are lower than the designed
capacity of the canals.

Design Implications for Operation

Management requirements for operation of the system are summarized in Table 3.2. This
Table states the obvious: whenever a design includes an adjustable structure, there is an
operational input required.
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More important is the recognition that if the design includesan adjustable structure that
provides greater managerial opportunities to meet the different main system objectives, there
is also the potential for mismanagement that results in failure to meet the objectives.

Fixed division systems. Fixed division systemscan only be operated at the control locations
provided atthe head of each major canal section. Although this meansthat there is a relatively
limited number of locations at which managerial inputs can be applied, the design requires
very close attention to inputs at these locations because there are no further opportunities
downstream to compensate for poor upstream management.

Ungated overflow systems will respond to water level or discharge variations equally
throughoutthe entire system: equity isunaffected, unreliability is feltequally atall points,
as is the shortfall in adequacy.

Submerged orifice systems respond in an entirely different mannerto upstream fluctua-
tions, although the extent ofthe response is highly dependent on design. The Adjustable
Proportional Modules widely used in India and Pakistan show smaller variations in
discharges as upstream water conditions fluctuate compared to simple pipe outlets.
Orifices near the head of the system will have smaller fluctuations in discharge and
smaller percent reductions in discharge than orifices near the tail ofthe canal. For these
systems to function at designed levels ofperformance, it is essential that discharges into
the ungated sections are kept as close as possible to designed discharge (typically
between 70 and 100% of design), and discharge fluctuations kept to a minimum.

Gated division systems. Gated division systems require greater operational inputs. Opera-
tional inputs are required at every offtake structure, and increase further as the number of
moveable cross-regulators increases. This does not, of course, imply that operations are the
sole responsibility of any one agency: a number of different bodies, including water user
groups, may have responsibility for part of the operation of the system. However, the total
number of operational inputs remains the same irrespective of who is responsible.

Becausesuchsystemshavethepotentialtomeeta number ofdifferent demandconditions
theyalsorequireaclearmonitoringprocess. Thismonitoringhasto be in two forms: checking
of actual discharges or water levels and comparison with the targets laid down in operational
plans; and monitoring of field-level conditionsthat determine whether the targets themselves
were appropriate or require modification forthe next set of operational plans.

Systems of this design also require much greater attention to communicationboth among
agency staff and between agency staff and fanners. Unilateral operation of any gate will have
an effect on water levels or discharges at all downstream locations: gate operations must
therefore be coordinated to meet hydraulic conditions and fulfill the different operational
objectives. Operation of gates outside an agreed plan will result in great unreliability
downstream, and it will become difficult to meet adequacy or equity objectives.

It ispossible atthe design stage to determine what operational requirements will be and
thus define the operational staffing requirements. Similarly, in assessment of performance,
it should not be difficult to determine whether current staffing patterns are compatible with
the requirements dictated by the design. Nevertheless, it isnot uncommonto find cases where
staffmg patterns have been modified as a result of changes in financial or other institutional
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conditions without any consideration of whether these changed operational inputs are
compatible with the requirements imposed by the existing design.

Design Implications for Maintenance

Maintenance requires a completely different pattern of management inputs from operations.
Thisisillustrated in Table 3.2. There isa strong argument for disaggregation of “C&M” into
“0" and “M" when considering performance.

Maintenance is required for three different purposes: minimizing conveyance losses,
prevention of failure of control structures, and sustaining the hydraulic conditions required
by the design for effective water distribution. However, the relative balance between these
three tasks is different for each design.

Conveyance losses. All systems, irrespective of design, require maintenance to control
conveyance lossesas thisdirectly affects objectives of adequacy and equity. Variationsin the
intensity of maintenance inputs relate to the physical environment (notably soil type, climate
and rates of weed growth) and the total length of canals, These inputs are more or less constant
foreach system, and can only.he changed through lining, compaction, or other structural
change. Determination oftheactual rateofloss, anditschangeovertime, requires monitoring:
itis common tofindthatlossesareestimatedatthedesignstagebutnevercheckeththefield.

Prevention of failure ofcontrol structures. Maintenance intensities for prevention of failure
ofcontrol structures arealsoeasy toquantify, andareconstantfor each system. The intensities
increase as the number of control structures increases. Maintenance is critical: for automatic
systems and instantaneous demand systems if gates are not maintained properly and thus do
not respond to changes in water levels, then the system objectives cannot be met.

Sustaining the hydraulic integrity of rhe conveyance system. Maintenance requirements to
sustain hydraulic integrity of the conveyance system are highly dependent on the system
design. If the system relies on open channel hydraulic relationships to achieve the water
distribution objectives then maintenance will be the critical management input. Failure ta
maintain the canal cross section at or close to design specifications in submerged orifice
systems or gated syslems with little or no cross-regulation means that head-discharge
relationships at offtakes will be. different from those intended, and the result will be a lower
than expected performance of water distribution.

Inothertypesofdesign thecontrol infrastructurecantoleratea wider range of canal cross-
section variation because gates can beused to modify head-dischargerelationshipsorbecause
weirs across the canal reestablish the correct conditions irrespective of downstream changes
in cross section.
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ASSESSING PERFORMANCE IN DIFFERENT DESIGN
ENVIRONMENTS

The discussion in this chapter has provided the basis for defining the process by which
performance in respect of water allocation and distribution can be assessed in each different
design environment.

This process essentially asks three sets of questions:

1.  Were the operational objectives (adequacy, reliability and equity) clearly defined,
and were they compatible with the design of the system?

2. Werethe operational targets (discharges or water levels) clearly specified, werethey
consistent with the stated objectives, were they compatible with the system design,
and were they compatible with available resources?

3.  Werethe maintenance targets (level of losses, functionality of control structures and
canal cross section) clearly specified, were they compatible with operational targets,
and were they compatible with available resources?

These questions form the basis for assessing the water allocation and distribution
performance in each of the case studies examined in the following two chapters. Chapter 4
focuses on fixed control systems where the opportunity for operational inputs is limited but
the potential for changing performance through management ofmaintenance ishigh. Chapter
5 looks at gated control systems where both operational and maintenance inputs affect
performance. For obvious reasons not all questions could be satisfactorily answered because
there was not always sufficient information provided.
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Table 3.1. Potential system managementobjectivesfor different designs.

Reliability | Adequacy Equity
Ungated overflow ¥ — ¥
Submerged orifice t . ¥
Gated little cross-regulation 1 t 1
Gated, fixed weir cross-regulation t t t
Gated, adjustable cross-regulation % i 1
Downstream control t 3 —
Key to symbols: # very important 1 important — no CONCEM
Table 3.2. System management inputs requiredfor each design.
Operations Maintenance
Discharge| Offtake | Regulatsn | Canal  Control
at head gates gates cross gates
of canal section
Ungated overflow t : — (t —
Submerged orifice t - — ¥ —
Gates, little cross-regulation t t - T ¥
Gated, fixed weir cross-regulation t t — (t t
Gated, adjustable cross-regulation t t f () l t
Downstream control — — - M ]

Key to symbols: t critical  timportant () loavoid losses — noinput



CHAPTER 4

Performance in Fixed Division Systems

DESIGN DIFFERENCES IN FIXED DMSION SYSTEMS

As pescriep IN Chapter 3, fixed division systems incorporate the water allocation principle
into the design so as to eliminate as far as possible the need for operational inputs below the
head gate controlling discharge into the canal.

There are two basic subdivisions of fixed division systems: overflow systems where all
water division is at weir structures, and submerged orifice systems where control is
determined by the relationship between water level upstream of the orifice, the dimensions
of the orifice, and in some cases the downstream water level on the downstream side of the
orifice as well.

These two design variants cater for different water allocation principles. Overflow
systems always divide water in exact proportion to the width of the weir, and the percentage
delivered to each canal below the weir remains unchanged. In submerged orifice systems,
however, the percent of total flow diverted through an offtake will vary iftheupstream water
level varies. This means that unless the water level is constant, there will be some inequity in
water deliveries.

FIXED OVERFLOW SYSTEMS

This type of design meets the two main setsofcriteriaviewed as important in farmer-managed
irrigation systems, particularly in remote areas: simplicity of operation and maintenance.
minimizing the daily requirements of users to keep the system functioning effectively, and
quick and unambiguous monitoring of whether water is being distributed in accordance with
the predetermined allocation rules.

Operational activities, except in instances where rotations have to be undertaken, are
largely confined to management of water & the intake. Maintenance inputs are also
straightforward. Because hydraulic control isonly required at overflow structures there isno
concern with head-discharge relationships at other locations along the canal system. As long
as structures are kept reasonably clean canal maintenance does not directly affect water
distribution performance. Typically, systems of this type are maintained by periodic inputs
from all water users a few times a year, the intensity depending on sediment loads or rate of
weed growth.
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Because systems are essentially self-operating there is little scope for assessment of
management inputs at system level; agricultural benefits have to be assessed in the context
of utilization of water by farmer groups and individuals, not by system managers. There are
few detailed studies of this type of system reported in the literature.

Three case studies fall into this category: six small systems in Nepal, a small system in
West Java, Indonesia, and the secondary and tertiary system of the Fayoum Irrigation System
in Egypt. All casestudiesreferred toin this chapter and Chapter 5 aredescribed in moredetail
in Appendix 2.

Water Distribution Equity

The case studies demonstrate the importance of clearly understanding what the users
themselves feel to be equitable before an assessment can be made of distribution of water.

Inthe case of six small systems in Nepal (Case Study #1), the stated equity objective was
an equal share of water per unit area of irrigable land. That this objective was achieved can
be seen from Figures 4.1 a and b, which show that there is little variation in average water
availability between head and tail of the systems. In the largestsystem (Parwanipur) there was
aslight but insignificant decline in the Water Availability Index (WAI; fordefinitionsof this
and other terms, please see Glossary in Appendix 1) from head to tail of the system, Inall other
systems no difference existed in terms of WAI between head and tail of the system. The
Interquartile Ratios for the nearest and furthest 25 percent of sample plots areremarkably low
(Table 4.1).

By contrast, Cipasir System in West Java (Case Study #2) has a completely different
definition of equity. Each farmer is entitled to a share of water that is based on the length of
time the land has been developed farmers in upper-end areas whose ancestors built the
original system are entitled to much more water than those in newer additions to the system.
The water rights can only be determined by a detailed analysis of the size of proportional
dividers and the diameter of bamboo pipes serving each subsection of the system. This is a
good example of asystem that does not provide equality but isstill seen asequitable by water
users.

An effective design resulting in good uniformity of water distribution is the Fayoum in
Egypt (Case Study#3). Measurements along the Bahr Seila subcommand of the Bahr Wahby
Canal show that, apart from the head-end section, the water distribution is almost uniform
(Table 4.2). The upper 20 percent receives somewhat more than its fair share for the sub-
command (but no more than the average for the entire Fayoum) both because of post-
construction changes to fixed structures and the use of pumps from the canal that cannot be
easily controlled by theirrigation agency. However, over the remaining 80percent of the area.
water distribution is conuolled by ungated division structures more or less in proportion to
the commanded area. Tail-end areas actually benefit slightly more than the middle, again
partly as the result of modifications to division structures to allow more water to pass along
the canal than was originally intended.
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Adequacy

Adequacy in run-of-the-river systems (the Nepal and Indonesian cases) is dependent on river
discharge. There is little farmers can do if the river discharge falls below total demand for
water, although excess water can readily be passed down the river rather than being diverted
into the system where it is not needed. In the Nepal systems there are efforts to regulate
discharges into the system to accommodate changes in both water availability and demand.
Calculation of the Relative Water Supply (RWS) at the intake into each system (Figures 4.2
aandb) showsthat supply and demandare well-adjustedat system level, with weekly averages
being normally intherangeof 1.0102.0. In none of the systems is RWS very high, suggesting
that over time the farmers have learned to estimate how much land can be irrigated with
reasonable safety in a normal year and do not divert excess water into the canal. Smaller
systemsin the hillstend to have lower RWS values, suggesting that farmers are able to work
together well to share scarce water supplies. Although there is land available for potential
expansion of the irrigated areathe RWS levelssuggest that farmers are unlikely to expand the
total area for risk of water shortages in drier years.

Within the systems, however, adequacy shows a distinctly different pattern. The
variation of W AT between adjacent farms is high, irrespective of whether the plots are near
toor far from the head of the system. The Interquartile Ratios for the best 25 percent and worst
25 percent of sample plots (i.e., independent of distance) were much higher than head-tail
differences (Table 4.1).

Yields in all of the Terai systems are closely correlated with the actual value of WAI
(Figure 4.3a) and it appears that there is potential for improving overall output from the
system, and of individual farmers, if water at tertiary level is shared more equally. Inthe hills
the samerelationship isnot found {Figure 4 .3b). Itis not clear fromthe data presented whether
WA variations are due to unequal access to water or because of differences in soil-water
requirements. Increasesinagricultural output will only come from improvements to manage-
ment of agricultural inputs. not from improvements in water distribution at system level.

The result of the system of shares in Cigasir is that upper-end landowners are able to
cultivate rice threetimes a year. Farmers in the middle area have sufficient sharesfor two rice
seasons and, if they wish, a third season of non-rice crops. Farmers in the newer expansion
areas can narmally only cultivate rice during the wet season, but may risk one non-rice crop
in the dry season if they feel there is sufficient water available.

In the Fayoum there isno intentionto meet the total potential crop water demand. Water
rightsrepresent an allocation of a share of total water available, and is intended to be less than
farmers might require to cultivate all their lands under the most water-demanding cropping
pattem. With water effectively rationed by the system demand, adequacy is controlled by the
farmers’ cropping pattern choices and is not included in the system manager’s set of
operational objectives.

Reliability

Fixed overflow designs provide little opportunity to manage reliability below the head gate
controlling flow into the canal. The systems are highly dependent on the water conditions
upstream of the head gale. In the Nepal cases it is clear that weekly RWS at the head of the
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system varies greatly (Figures 4.2 a and b), so that in any week it is difficult for farmers to
predict how much water they will obtain. In Cipasir there are no flow data available. In the
Fayoum, discharges into each subsystemwill be reliable as long asdischarges into the main
canal are uniform.

Because adjustments cannotbe made to flows in the canal system, farmers have to either
irrigate only a portion of their holding when water is in short supply or come to sharing
arrangements with neighbors. None of the case studiesprovided information on tertiary-level
management arrangements in this regard.

SUBMERGED ORIFICE SYSTEMS

Submerged orifice systems have the hydraulic capacity to deliver a reasonably uniform
discharge into atertiary offtake over arange of different operating heads on the upstream side
of the offtake. The orifice servingeach canal has to be sized and installed in such a way that
thedischarge passing through the orifice will meet the design objectives within the operating
range.

Operational inputs. Operational inputs concentrated at the few available control points atthe

head of secondary canals, are of critical importance because water level at any given point

down the canal is dependent on the interaction between discharge, the channel cross section,

and any accompanying backwater effects of obstructions or bridges. The exact range of

allowable discharges that can be tolerated depends on what degree of inequity is acceptable:
this can be readily calculated from the design of the system. Typically, discharges less than

70-80 percent of full design discharge are considered unacceptable, and alternative opera-

tional strategies such as rotation between secondaries have to be adopted.

Maintenance requirements. Maintenance is critical to these systems so that there is always
a known relationship hetween discharge and water surface elevation at all offtakes, Erosion
and sedimentation change the water surfaceelevation for any given dischargeand this affects
the discharge through each orifice. Beyond a certain critical point water distribution may be
completely different from that which was intended. Maintenance on the downstream side of
each orifice is important to eliminate backwater effects.

The two case studies representing this design environment come from secondary canals
in Pakistan and India, both of which form part of the Punjab irrigation systems that were
designed to spread limited amounts of water over as wide an area as possible

Water Distribution Equity

Both studiesshow that there are wide differencesbetween target and actual discharges. In-the
secondaries included in the Lower Chenab System (Case Study #4) sedimentation isa major
problem. In canals thathave not undergoneperiodicdesilting the changed crosssection results
in a failure to meet target discharges intoofftakes. In headends, the increasedbedlevel means
thatthe head upstream of orifices is higher than designed, even when the target discharge into
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the secondary is achieved: discharges through head-end orifices are typically 1502200
percentof design. Aslong as the discharge into the secondary is at design level, it is inevitable
thattail-end tertiarieswill not have sufficient water. In extreme cases no water reaches the tail
of the secondary even though thedischarge at the head of the secondary met the target (Figure
4.4)

The importance of maintenancecan be seen from similar measurementstaken following
desilting. Inone case(Khikhi) discharges into tail-end tertiaries wereabovedesign following
desilting of the top half of the canal (Figure 4.5a). In the second case (Lagar), where
maintenance inputs were moremodest but focusedon the most silted'sections, tail-end water
conditionsimproved significantly,eventhoughthey did notachieve target discharges (Figure
4.5b). Before desilting in Lagar Distributary, the IQR was 5.03 when discharges were at or
close to design, a highly inequitable situation. Following desilting the IQR was reduced to
1.24.

Much of the variation in Lagar Distributary following desilting appears to be the result
of differencesbetween the intended size and elevation of each orificeand the actual situation
in the field. The differencescan be attributed to deliberate tampering of orifice dimensions
by farmers as well as to imprecisionin the actual installation of the orifice. In asystem of this
nature very precise installation is required to ensure that the operating head above the sill of
the orifice is as designed.

Data from two similar distributariesin India (Mudki and Golewala, Case Study #5),
where sedimentis not a problem and where operational factors do not seemto have significant
influence, show muchlessvariability between head and tail than was the case in Lagar (Figure
4.6).withIQR valuesof 1.98 at Mudkiand 1.35 at Golewala, The distribution of the variability
is not related to distance along the canal and again appears to reflect differences between
designed and actual installationsof the outlets.

Thesecondmanagementinputthatdirectly affects theperformanceofsubmergedorifice
systems is the operation of the gate at the head of the secondary canal. Data from Lagar
Distributary demonstrate the effect of operation of canals at lower than recommended
discharges (Figure4.7a). When operated at 10{ percent of Full Supply Discharge (FSD) the
IQR was 5.03.When incoming discharges were at 60 percent the IQR rose to 44.15 because
the last 20 percent of the canal received no water at all, while the upper half of the outletsstill
received more than the designed discharge. In the worst case, when discharges were only 25
percent of FSD, no water passed the halfway point of the canal and no outlets received their
design discharges.

The impact of maintenance can be seen on the relative IQR at different discharges.
Immediatelyaftermaintenance had been completed, the IQR at 100 percent of ESD was 1.24,
and only increased to 2.97 at 60 percent of FSD (Figure 4.7b).

Adequacy

The designers of the Punjab irrigation systems never intended to include adequacy in their
calculations in determiningdischargesateach orifice. Thedesign principle merely attempted
to deliver a little water to as many farmers as possible, with planned annual cropping
intensities of 50—75 percent.

To complicate matters further, throughout the Punjab, farmers and irrigation agencies
have taken advantage of new technology to pump both shallowand deep groundwater. It is
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common to find that over 60 percent of all water used is pumped, making it impossible to
assess adequacy of canal water deliveryin isolation.

Reliability

The impact of these operational inputs on reliability at tertiary level can be seen through an
analysis of the coefficient of variation of monthly discharges into tertiary watercourses
(Figure4.8).In both Lagar and Pir Mahal distributaries thereisanalmostexponential increase
in monthly variabi lityofdischargealongthecanal tail-end farmer scannotpredicthow much
waterthey will receiveineach irrigation turn. Eventhoughthe systems are designed to deliver
water continuously to all watercourses they do not: the differential access to water along Pir
Mabhal. expressed in the percentage of time each watercoursefailsto receive water, is shown
in Figure 4.9, Even though thesedatacomefromaperiod whenrotationalirrigation was being
practiced, the operational plan is intended to share water deficits equally between all
watercourses.

There is an enormous spatial variation in access to reliable canal supplies. Tail-end
farmers get not only less water, but less reliable water deliveries as well. The causes of this
lack of reliability are the same as those for equity: canals are poorly maintained sothat tail-
end areas are deprived of water, and there is weak management that permits dischargesto be
delivered far below the minimum stated in operational guidelines.
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Table 4. 1. Interquartile ratio (JQR} of water availabilityindex (WAI) in six small schemes

in Nepal.

Location of Hills Terai

system Baretar  Bandarpa  Jamune Tulsi Parwanipur Laxmipur
Average 161 146 144 146 144 179

(a) By distance from head of system
Head 25% 160 134 168 153 14 186
Tail 294 151 154 141 149 135 162
IQR 1.06 115 1.19 1.15 1.10 1.15
(b) Independent of distance

WAL highest 25% 195 173 177 162 170 19
WAI lowest 25% 124 127 130 138 120 158

Table4.2. Water supply along Wahbyand Bahr Seila relative to total Fayoum water supply

May 1986)
Area Discharge Gross Supply
(m?/s) command (%)
area (ha)

Fayourn System total 771 151,865 100
Bahr Yusuf at Lahun 5.0 102,181 96
Bahr Hasan Wasef 27.1 49,685 107
Bahr Wahby total area 13.6 30,600 107
Bahr Wahby d/s of Ngia 9.0 23,100 77
Bahr Wahby w/s Nasria total 46 7,500 120
Bahr Wahr Wahhy u/s Nasria

excluding Bahr Seila 30 3,405 173
Bahr Seilatotal area 16 4,155 75
Area B 0.3 685 101
AreaC 0.37 1,04 66
Area D 0.3 943 68
Area E 0.26 705 71
Area F 0.2 730 79

otes: dfs =downstream, u's =upstr

wrce: Wolters et al. (1987).

1
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Figure 4.1a. Relationship between distance and water availability index(WAI) in three Terai systems in Nepal.
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Figure 4.2a. Weekly relative water supply (RWS)in three Terai systems in Nepal.
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Figure 4.4. Waterdistribution equity, Lower Chenab Canal, Pakistan.
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Figure 4.5. Water distribution equity after desilting Lower Chenab Canal, Pakistan.
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Figure 4.6. Water distribution equity, Mudki and Golewala, India and Lagar, Pakistan.
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Figure 4.7.Factors influencing water distribution equity, Lagar Distributary, Pakistan.
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Figure 4.8. Monthly variation of watercourse discharges, Lower Chenab Canal, Pakistan.
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Figure 4.9.Pir Mahal Distributary, Kharif 1988, % df time without water.
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CHAPTER 5

Performance in Gated Division Systems

OPERATIONAL FLEXIBILITY OF GATED DIVISION SYSTEMS

GaTeD sYSTEMS PROVIDE muchgreaterflexibility inoperationsthan ungated ones, and therefore
tend to have lower maintenance requirements. This flexibility means that there are fewer
limitations on the objectives, and it is possible to manage the system for a wide variety of
combinations of adequacy, reliability and equity.

This flexibility is, however, adouble-edged weapon. Sliding gates can bejust as easily
abused asused, and well-planned water distribution patterns can bedisrupted dueto improper,
illegal or merely malicious gate operations by field staff and farmers alike.

Thischapter looks at three different variations of thistype of design. The common thread
isthat each offtake along the main canal, and each offtake along secondary canals is provided
with a gate that provides a great deal of operational flexibility. The distinction between the
three systems comes in the opportunities to control water level in the main and secondary
canals on the upstream side of the offtake gate.

Because these systems have considerable control capacity it is common to split
performance assessment into two parts: assessment of main and secondary canals, and
assessment of tertiary-level operations.

SYSTEMSWITH LITTLE CROSS-REGULATION

This design type is characteristic of older irrigation systems in relatively flat areas where it
iscomparatively easy to design long canal sections and still achieve appropriate water levels
upstream of each offtake. Five case studies of this type of system are presented: Gal Oya Left
Bank and Hakwatuna Oya in Sri Lanka, Tungabhadra in India, Lower Talavera in the
Philippines, and the Lower Chenab Canal in Pakistan.

Operational inputs at the head of the canal are essential to achieve reliable and
dependable water supplies in systems with little or no canal cross-regulation capacity.
Each fluctuation in discharge into the head of the canal will result in changes in water
surface elevation on the upstream side of each offtake structure; these changes, in turn,
necessitate a change in the setting of the offtake gate if uniform discharge is to be
maintained through the offtake.
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Management requirements at offtake gates are highly sensitive to the quality of
operational inputs atthe head of each controlled canal reach. If discharges at the head of
the reach are stable then offtake gates need not be adjusted very often. Unstable main
canal discharges require more frequent adjustment of offtake gates.

Maintenance inputrequirements in these systems are high. The hydraulicintegrity of the
system is determined by uncontrolled head-discharge relationships on the upstream side
of each offtake, so thatifcanal maintenanceis notundertakenpmperlyandthecanalcross
section deteriorates then eventually hydraulic conditions anticipated at the design stage
cannot be attained.

Preventivemaintenanceisalsorequired toensurethatallofftakegatesremainin working
condition. If gates cannot be operated properly then effective control over water is lost.

Equity of Water Distribution at Main and Secondary Level

Data fromthe Gal Oya System in Sri Lanka (Case Study #6) show major differences in water
deliveries to different subsystems (Table 5.1). Head-end units received significantly more
than their share, while tail-end areas received comparatively less. The actual water distribu-
tion pattern failed to meet the targets set down at the start of each season.

Analysis of water distribution between secondary canals within two of the blocks during
the 1981dry season showed even greatervariation (Figure5.1). Although there isadecrease
inwaterdeliveriesfrom head totail theinequity ofwaterdistributioncanbedirectlyattributed
to design conditions. Yaterde!ivery intoeach secondary isclosely related tothe ratiobetween
the diameter of the offtake culvert and the area served by that culvert (Figure 5.2). In most
cases, smallercommand areas benefited more, while larger ones onlyjust managed to receive
the minimum estimated requirement of 2.0 Vsec/ha,

Evaluation of the degree of approximation between culvert diameters and the design
command area indicates the extent to which precise management of the gate is necessary to
achieve the desired water distribution equity (Figure 5.3). Nine-inch (22.9 cm) diameter
culverts servedcommandareasranging from 10to 40 ha, while some smaller commandareas
had 12-inch (30.5cm) diameter culverts which served just 20 ha.

Atthedesign stage, for legitimate financial reasons, culvert sizes werechosenonthebasis
of standard dimensions, and as long as the size matched or exceeded the maximum design
requirement of the secondary, it was assumed that operation of the gate would permit fine-
tuning. However, virtually none of the gates were functioning at the time of the study, and
those that existed were rarely operated. This is a clear example of where a failure to operate
and maintain gates results in a highly inequitable division of water.

Tungabhadra Irrigation System, Karnataka, India (Case Study #7) shows similar
problems with water distribution, in terms of overall equity as well as between adjacent
outlets. At subsystem level, upper-end outlets receive water more or less according to target
discharge, while tail-end outlets receive less than 50 percent of the target (Figure 5.4). The
cumulative effect of this is that the tail-end reach of Distributary D36. received on average
only 2040 percent of the target discharge, while the upper five reaches all received more than
their targets (Figure 5.5).
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Associated with theseoverallinequities is adeteriorationofreliability ofdischargedown
the main canal. Discharges at the head are rarely close to the target, and show some daily
fluctuation. Halfway down the canal, targets are not met and daily variability is very high
(Figure 5.6). The lack of frequent cross-regulatorsalong the canal means that if fluctuations
are present at the canal head, they cannot be stabilized further down the canal.

One design issuearising from systemssuch as Gal Oya and Tungabhadra s that mixing
small and large offtakesalong the main canal makes operation more difficult. Distribution of
designed discharges from Tungabhadra (Figure 5.7a) shows the extent of this problem. The
dimensionsofthemanagementtask can beclearly seen from Rigure 5.7b: alongthemaincanal
of Tungabhadra 50 percent ofallgatescontrol caly 9 percent of the totaldischarge, 80 percent
of gates control only 31 percent, while 10 percent of gates control a full 52 percent of
discharges. Because there is a tendency to ignore the management of small outlets, they are
allowed to take more water than their share. Although the error is relatively small in
volumetric terms the cumulative effect is large and has a direct impact on tail-end water
deliveries. ‘

Tungabhadra also demonstrates clearly the effect of long-term changes in the system.
Post-construction addition of outlets and expansion of command area mean that the total
sanctioned water supply and losses greatly exceed the design capacity of the main canal. At
the head of D36 Canal the surn of designed discharges fromall outlets plus official allowances
for conveyance losses is about 40 percent higher than the designed canal capacity.

Dataonmaincanaloperationsin the Hakwatuna Oya System (Case Study #8) show how
equity can be improved with only minor increasesin control infrastructure. Along the Right
Bank Main Canal, where there are no cross-regulators, it is impossible to manage head other
than by controlling discharges at the head gate. Although offtake gates can be managed,
interquartile ratios of 1.63and 1.76 were recorded for two successive dry seasons betwesn
head and tail areas.

The Left Bank Main Canal at Hakwatuna Oya has a bifurcating layout and there are three
cross-regulation structures that can be used to control water distribution into the different
branches of the system, This small amount of additional control resuited in interquartile ratios
of 1.49and 1.34 for the same two seasons. This better performance over a 50percent larger
command area was achieved with an identicalset of objectives asfor the Right Bank because
of effective operation of the cross-regulators.

Improved monitoring procedures adopted in Hakwatuna Oyaenabled simpleand rapid
feedback of performance during each water issue. A typical water distribution report
expressed both volumetrically and in total depth of water applied, is presented in Figure 5.8.
This can be used by the system manager to evaluate water delivery performance immediately
aftereach issue. Such performancereports arz not described for any of the other case studies.

The importance of precise gate control where there is relatively little cross-regulation is
demonstratedby results fromthe Gugera Branch of the Lower ChenabCanalin Pakistan{Case
Study #9). Water levels which directly affect the operating head at offtakes are largely a
function of upstream discharge. Ifofftake gates are not managed to respond to these changes
in the main canal discharge, then the variability of discharge into the secondary may be
significantly higher than that in the main canal (Figure 5.9).

This study also indicates the consequencesof designing only for one set of operational
conditions. The basic design assumption is that main canal discharges will be constant,
thereby maintaining adequate head upstream of each offtake. Figure 5.10showsthe effect of
the number of gate operations on the ratio of coefficient of variation in Mananwala



58

Distributarytothat of Upper GugeraBranch. When frequentgate operationsare undertaken

Mananwala has a coefficientof variationof less than twice that of Upper Gugera, but if the
gates are let? unattendedthe coefficient of variation in Mananwalaincreases to as much as6
to 12 times that of Upper Gugera. Given that this is the only control structure for the entire
20,000 ha commandof Mananwala, it iscritical for water delivery performance that the head
gate is operated effectively.

Water Distribution at Tertiary Level

Despite the poor water distributionbetween secondarycanals in Gal Oya, water distribution
between tertiary offtakes within secondary canal command areaswas much more equitable
(Table 5.2). Detailedstudies inthree of the larger secondary commands show few variations
in eitherwater availabilityor inyields from head to tail oftertiary blocks (Wijayaratne 1986).
Although fanner groups had no control or influence on main- and secondary-level water
distribution,they were apparently able to manage water quite equitably amongthemselvesat
the tertiary level.

These data make a strong argument for ensuring that water distributionalong the main
and secondary canals should be made as reliable as possible, thereby enhancing the
managementcapacityoffarmerstouti lizethisvateraccordingtotheir ownobjectivesatfarm
level.

Adequacy

Gal Oya isan exampleofhow information needsto be upgraded before performance-oriented
management can be implemented. Seasonal plans were based on efficial estimates of the
irrigable area of each block, underestimating actual areas by 15-20 percent. Yield data
collected by the Departmentof Agriculture used administrative areas different from hydro-
logical divisions, makiig it impossible for managers to put the two sets.of information
together. Researchdata onyieldsshowahighdegree ofassociationbetween water availability
and yield (Figure 5.11), and yet no data are availableto managerson a regular basis.

Tungabhadrademonstratesthe impactof poor main canal water distributionon cropping
pattems. Not only istotal cropping intensity much lower at the tail (20 percent oftarget) than
in head and middle sections (30120 percent of target), but also the chance to grow rice is
greatly reduced towardsthe tail (Figure 5.12). Equity of productionand farm income almost
certainly show a less favorabletrend than for water distributionbecause the water that does
reachthetail is lessreliable and thus has lower income potential for farmers: they are obliged
to grow more drought-resistant, lower-value crops.

Reliability

Irrigation systems included in all of the case studies have similar problems with reliability.
In the wet season, canals flow ¢entinucusly (except in periods of heavy rain) but require
rotationsin the dry season to accommodate limited water suppliesin relationto demand. The
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analysis of how well rotations are implemented helps understand the overall concept of
reliability.

The Gal Oya study demonstratesthe difficultiesencountered in implementingrotations
during periodsof watershortage. The lack ofcross-regulationin the main and secondarycanal
system meant it was difficult to implement mtations between small parts of the system. Since
1973 an operational plan bad been established that called for rotations at main canal level
throughout the dry season, with each half of the total system receiving water for five daysat
atime. Analyses of these rotations over an eight-yearperiod reveal several issues relating to
implementation.

There was a reasonable degree of equity achieved at the main control structure used to
divide water between the two halves of the system (Table 5.3). However, althoughthere was
acommitment to implement the rotational pattern on a 5-day-on, 3-day-off basis, the actual
schedulewasunpredictable (Table 5.4). During the 1981 dry seasonfarmersnever knew when
water would be delivered, and this led to considerable uncertainty and loss of confidence in
the water delivery scheduling capacity of the irrigation agency.

At the same time. the type of rotation adopted was probably the best, given the
deteriorated condition of the system. An analysis of water distribution equity at different
discharges in the main canal demonstratesthat greater equity is obtained by operating the
canal as close as possible to full design discharge for 50 percent of the time rather than
operating it at 50 percent of discharge on a continuousbasis (Figure 5.13). The total saving
in water is estimated at 72,000 cubic meters per day.

It was also apparent that the rotational scheduledid not fit in with the normat working
conditions of the irrigation agency. A 10-day irrigation cycle requires, over the course of a
season, that gates will need to be adjustedthe same number of times on each day of the week.
In practice, gate operations showed a distribution related to the day of the week far fewergate
adjustmentswere made on Saturdays and Sundays than during the normal working week, with
the most active days being Tuesdays and Fridays (Table 5.5). Development of operational
schedules clearly need to fit in with the standard working practices of agency staff, or else
agency staff have to adjust to the irrigation requirements of the system.

Similar institutional concerns were observed when efforts were made to close gates in
response to rainfall (Table5.6). Thereissomeevidencethatduringparticularlydry yearsthere
was a more rapid response to rainfall in effortsto conserve scarce water in the reservaoir, but
at the cost of increased uncertainty for farmers.

Analysis of implementation of rotational schedules in the Lower Gugera Branch in
Pakistan shows a similar deviation between planned and actual practices. During the dry
season when discharges are often well below design capacity of canals, some rotation is
required. Therotation is organized on a priority basis, with each canal accorded first, second
or third priority on astrictroster. First priority canalswill be operated at design capacity, the
balancebeing allocated to second priority canals. If discharge is adequate to meet the design
capacity of the second priority canals, third priority canals receive any remaining water.
Figure 5.14 shows the degree to which rotational schedules were actually implemented
betweenthe fourdistributariesat BhagatHead Regulator,theend of the Lower GugeraBranch
Canal. Pir Mahal and Khikhi distributariesshow reasonable adherenceto the schedule, but
Rajanaand Dabanwalado not. The reasons for these differencesbetween canals at the same
regulator are not clear.
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If the priority system is not fully followed, some canals receive very low discharges for
extended periods and this has inevitable and several negative impacts on water availability
at the tail end of the less favored secondaries (Figure 5.15).

Rotational irrigation in Tungabhadra shows similar problems. The rotation is relatively
simple, with four reaches of the main canal scheduled to receive water either between
Saturday evening and Wednesday morning, or between Wednesday morning and Saturday
evening. However, irregular operation of offtake gates along the canal means that discharges
fluctuate during each rotation period, and may never reach the target, while closure is
sometimesignored entirely (Figure5.16). The rotational pattern adopted appearsto increase
discharges into upper-end outlets compared to nonrotational periods, and the entire purpose
of getting more water to the tail is lost.

One aspect of implementation of rotational irrigation practices common to all the above
examplesisthatthere was essentially nocommunication or cooperation between theirrigation
agency and fanners. Results from the Philippines illustrate the benefits that can be obtained
where.agencies and fanners can work together for acommon purpose even though the design
may not be optimal.

The Lower TalaveraRiver Irrigation System (LTRIS) in Central Luzen (Case Study #10)
containsasetof lateral canalswith little or no cross-regulation capacity. To provide adequate
water levels it has to be operated close to design discharge: at lower dischargesthe head and
middle areascan capturemorethan their fair share and tail-end areas suffer asa consequence.

Priortoaction research interventions, inequity washigh: both head-endandtail-endareas
obtained poor yields compared to the middle section of thesystem, and in all areas water use
efficiencies were low. Over half the total production came from 35 percent ofthesystem, with
the largest area uncultivated being in the tail-end areas (Table 5.7).

Although there were nominal effortsto try to distribute water more equitably, there was
no effective rotation schedule between different tertiary areas, and there was evidence of
significant conflict between head- and tail-end farmers.

In efforts to redress this situation ajoint effort was arranged between the National
Irrigation Administration and farmers throughout the system. A rotational schedule was
drawnupwhichdividedthe systemintothreezones, with each zone being scheduled foreither
two or threedays of water each week. During the scheduled period for water deliveries all
tertiary gates along that stretch would be opened, and the canal blocked at the downstream
boundary. This pattern would then be repeated in sequence, with all offtakes upstream of the
scheduled area remaining closed.

Theresults of this relatively simple set of activities were dramatic. Water use efficiency
improved throughout the system and yields increased in all parts of the system. Total
production doubled as a result of this management intervention (Table 5.7).

SYSTEMSWITH FIXED CROSS-REGULATION

One way of overcoming the problems associated with maintaining proper hydraulic condi-
tions along sectionsofcanalsthat havenocross-regulation capacity istoinstall fixed overflow
weirs in the main or secondary canal immediately downstream of each offtake.
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Thisvariationindesigndoes not materially affect the of ftake structure itself, it eliminates
any backwater effectsand stabilizeshead-discharge relationshipson the upstream side ofthe
offtake gate. The only design requirement is that there is sufficient slope to provide the
required drop in water surface downstream of the weir.

Operational inputs do not change significantlycompared with those systemswith little
or no cross-regulation. Water distribution depends on the proper operation of all offtake
gates in a coordinated fashion.

Maintenance requirements, however, are reduced. The presence of weirs along the
canal meansthat itis no longer necessaryto maintain canal cross sectionsto exactdesign
specificationsthroughout their length. As long as sedimentationimmediately upstream
ofthe weir isavoided, stable head-dischargerelationshipscan bemaintainedirrespective
ofcanalconditionsupstreamanddownstreamoftheweir. Canalmaintenancehastofocus
only on minimization of losses, not on the canal cross section.

Only one case study is referred to in this report, that of the Kalankuttiya Branch of
Mahaweli System H (Case Study #1 1).

Water Distribution Equity

The case study reports that, during the wet season, when discharges were at or close to the
design capacity of the canal, water distribution equity was relatively uniform and tail-end
areas received a reasonably high percentage of their planned share.

However, when water deliveries were reduced in the dry season and rotations adopted
within each secondary canal command, the equity pattern changed because secondary gate
offtake operations did not match the water allocation plan. This plan expected that water
deliveries intoeach secondary canal would be reduced in proportion to the total reduction of
water delivery at the head of the main canal, requiring partial closing of each offtake gate along
the canal to reduce discharge.

In reality, head-end offtakes were able to obtain proportionally more water than their
offtakes further down the canal (Figure 5.17). The duck-billed weirs maintained heads at or
close to design elevations even when discharges were below design capacity. This provides
a situation where, without careful operation of the offtake gates, the offtake will deliver full
design discharge even though the allocation is much lower.

SYSTEMS WITH GATED CROSS-REGULATION

The previous subsectionshave demonstrated that if there is limitedcross-regulation alongthe
main or secondary canals it is difficult to implement water distribution plans when the
discharge in those canals is below design, and when water levels are inadequate on the
upstream side of offtake structures.

Although it clearly increasesthe cast ofconstruction, provision of gated cross-regulators
along the main or secondary canal at or close to offtake structures provides the potential
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benefit of regulating both discharge and head in effortsto provide proper control over water
along the entire length of the main and secondary canals. The increased density of control
locations provides a greater potential for response to changes in demand and supply.

From the performance perspective the objective set is similar to that for all other
variations of gated systems. However, because there is much greater potential for precise
management of head, discharge and timing of deliveries performance expectations will also
be higher.

Operational inputs are clearly greater for these systemsbecausethereisagreaterdensity
of gates than in unregulated or fixed regulation systems. Gate operators have to be able
to manage a combination of gates at a single structure and thereby maintain target
discharges both into the offtakes and along the main canal. This means that the
operational rules for each structureare more complex. The number of field staff does not
have to be increased, but their training and knowledge may have to be better.

Maintenance tasks are not different in substance between systems with fixed cross-
regulation and gated cross-regulation. However, the greater number of moveable gates
requiresthat overall budgetsbe higher to reflect the increased concern with deterioration
of gates and their operating mechanisms.

Four case studies are presented here that illustrate the extent to which management
requirements are associated with the installation of adjustable cross-regulators.

Water Distribution Equity

The Viejo Retamo secondary canalin the Rio Tunuyan IrrigationScheme of Argentina (Case
Study #12) provides an excellent insight into how gated cross-regulation can be used
effectively to implementan unambiguous water allocation schedule.

In this systemrotational irrigationisthe standard operational practice. Each tertiary unit
receives a fixed volume of water for a specifiedperiod of time twice a month, the time being
proportional to the irrigated area. At any given moment only two clusters of two or three
tertiary units, onecluster in the upper half and one cluster in the lower half, receive water. All
users know the time schedule, which is published in advance.

Water distribution equity under this system is extremely high (Figure 5.18a}, Almost all
units show similar values for the ratio of intended to actual water deliveries, and there is no
noticeable tail-end effect. Two of the deviations are explained by the relatively small
commandareainvolved,whereactual deliverieswereslightly higherthan intended. However,
from a volumetric perspective (Figure5.18b) these deviations were small and had no effect
on overall volumetric distributionalongthe canal. Of the 33 units along the canal, one head-
end unit received substantially less than its fair share, while excess deliveries were concen-
trated in two larger tail-end units.

The simplicity of this operational system leads to few complaints: farmers know the
schedule for the entire canal, see it as fair and do not interfere with water distribution. Where
deviations were identified, remedial measures appearto have been easy to implementso that
a situation of near-perfectimplementation of water allocation plans was achieved.
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One interestingdesign feature of the main canal system serving each of the secondary
command areas is the presence of adjustable proportional division structures. The division
is by proportional overtlow, but there is an adjustable vane that can modify the percentage of
discharge delivered to each secondary. Operation of this vane facilitates staggering of
cultivationbetween secondary canalsthroughoutthe system, starting with ahigher allocation
atthe commencementof cropping in upper-end canal commands,and reducing the allocation
asdemand tails off. Although the vane is adjustable, the principle of overflow divisionis not
violated, and provides a simple and incontrovertiblemeasure of how much is being delivered
intoeachcanal withoutthe need forcomplexgateddivisionstructuresandmeasuringdevices.

The high fevel of fulfillment of water delivery targets in Viejo Retamo System is probably
an exception. Data from other gated division systems show a less equitable pattern because
of incongruities between design and management inputs.

The overall water distributionpattern in the main system of the Fayoum (Egypt) shows
a lower degree of distribution equity (Table 5.8). However, complete equality of water
distributton is not planned: efforts to manage salt and minimize waterlogging account for
much of the difference in allocations because areas that drain directly into Lake Qarun are
normally given less water than those that drain into other parts of the system.

Kirindi Oyalrrigation Systemin southernSri Lanka (Case Study #13) showsacasewhere
design intentions were not backed with proper operational planning. The Right Bank Main
Canalhas 15 cross-regulators, roughly one per kilometer, intended to stabilizehead upstream
of every offtake gate. However, no operational plan was developed that provided rules for
opening and closing of the gates under different discharge conditions.

Field studiesindicatedthat actual operationofthesecross-regulatorsresulted in different
conditions than had been planned. Gatekeepers were acting independently, opening and
closing regulator gates in response to changes in water levels at each regulator. It took six
weeks at the beginning of the (987 dry season before discharges in the system stabilized.
Using a computer program that modeled the advance of a wave front created by opening the
main sluice, it proved possible to determine the correct sequential operations of cross-
regulators that stabilize water levelsat target levels within a few hours of opening the head
gate (Figure 5.19). This was successfully implemented in 1988.

Computeranalysis of operation of the main canal also showed it was possible to stabilize
discharges into distributary channels without changing offtake gate settings. This can be
achieved by issuing an excess of water for a few hours at the beginning of an issue, leading
to amore rapid water advancerate. For atarget issue of 5 m*sec, discharges at offtakes near
the tail can be stabilized very rapidly if the first 10hours ofthe issue are actually made at 8
m¥/sec (Figure 5.20). Prior to this analysis there was no set of operational manuals or
instructions on how to operate the cross-regulatorseffectively, and variability of discharges
was probably higher than if there had been no gated cross-regulators.

The primary lesson of this case study is that it is essential that operational manuals and
strategiesbe developed at the design stage so that system managers will know how to make
the best use of the infrastructure under a range of different operational scenarios.

Wet-season water distribution in Way Jepara, southern Sumatra, Indonesia (Case Study
#14) also shows the design consequences of failure to operate gates as planned. While there
was no difference in access to water between head and tail of the system (Figure 5.21a)
because water and rainfall were abundant, actual distribution was controlled by the ratio of
gatewidthtocommandareaofeachtertiaryblock (Figure 5.21b). Analysisoftherelationship
between gate width and design command area indicates a similar pattern to that found in Gal
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Oya: while there is a broad relationship between command area and gate width it is only
approximate. and there are several instances where designers appear to have chosen a wider
gate than is necessary (Figure 5.22a).

Water distribution in the dry season shows a different trend. There is no longer a
significant relationship between the gate width-command area ratio and water deliveries
(Figure 3.23a). Nor is there a significant head-tail difference (Figure 5.23b). More frequent
gate operations during the dry season resulted in a more uniform pattern of water deliveries.

Maneungteung Irrigation System in West Java, Indonesia (Case Study #15) shows
contrasting results even though the systemdesign is the same as that at Way Jepara. The same
pattemof alackofdirectrelationshipbetween gatewidthandcommandareaispresent (Figure
5.22b). In the wet season there is evidence of head-tail differences in access to water along
the main canal (Figure 5.24a). Along secondaries, however, the pattern of water distribution
between tertiary blocks is less clear, although there is a net decline in access to water towards
the tail end (Figure 5.24b).

In the dry season, however, the trend is different. There appears to be closer attention to
operationof the offtakes along themaincanal, eliminating the head-tail effect (Figure 5.25a),
while along secondaries the head-tail effect is still present but less marked than in the wet
season (Figure 5.25b}.

Analysis of the physical facilities at the boundaries between different administrative
sections of Maneungteung demonstrates another mismatch between design and management
requirements.

Operational plans require control and measurement of discharge at each handover point
between water masters, but only 11 out of 15 locations had a gate that permitted control of
discharge and only 8 locations had measurement devices (Table 5.9). This made it almost
impossible to fulfill the discharge-based operational targets in the main system.

Reliability

The two Indonesian case studies provide contrasting management strategies when water is
inadequate to meet all demand.

In Way Jepara water shortages are avoided by restricting the area sanctioned for
irrigation. This is based on a two-year cycle: in one dry season the upper half of the system
receives all available water, while in the subsequentdry season only the lower half is entitled
to water. This strategy has several advantages: it is simple to implement, it is predictable. it
maintaing adequacy as an objective, and over the two-year cycle it is highly equitable. The
plan alsorequires good discipline by agency staff and head-end farmers. However, it has one
important drawback it does not permit much flexibility, so that if water is abundant there is
little opportunity to expand the irrigated area. The 1989dry season demonstrated this clearly:
waterwas plentiful throughout the season (the reservoir spilled almost continuously) but only
half the command area was irrigated.

The Maneungteung System, in contrast, has a complex rotational plan. Although the
annual plan attempts to restrict cropping patterns on the basis of experience of likely water
suppliesat the weir, it is expected that rotational irrigation will be required during the latter
half of the first dry season, and throughout the second dry season.

The purpose of the rotational pattern is to share water between groups of tertiary blocks
on apredetermined schedule. This type of arrangement means that adequacy objectives are
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no longer important: equity and reliability take a higher priority. It also requires a high level
of management: gates have to be opened, closed and monitored frequently.

Evaluation of rotations in 1988 showed that the actual rotation was highly inequitable,
highly unpredictable, and poorly monitored. Althoughtheapparentobjectiveoftherotational
plan washasedonafairshareofwaterbetweenall tertiary blocks, actual plans favored upper-
end areas where farmers had already planted large areas, Further, some blocks were scheduled
toreceive wateronseveraldayseach week, whileothers werescheduledonlyforonedelivery
a week. Canals were filled and drained more than once in each cycle, and the boundaries of
rotational blocks did not always coincide with control structures (Table 5.10).

A pilot testing of a more equitable and reliable rotation plan in 1989 showed dramatic
improvements in performance. In a planning meeting arranged between irrigation officials
and fanner leaders held before water conditions deteriorated, a revised set of rotational units
was drawn up that aimed at treating all areas of the system equally irrespective of how much
land was planted at the time rotational irrigation would commence. In 1988, the ratio of the
areadue to receive water on the most favored and least favored days was 3.30, and this wes
reduced to 1.49 asaresult of implementing actions agreed to at this meeting (Figure 5.26).
Complete equality could not be achieved because of the concern to keep each rotational unit
contiguous and controlled by an operating structure at its upper boundary.

The revised rotational boundaries reduced the total humber of management inputs
required, expressed in terms of the total number of times gates had to be opened or closed.
andthetotallength oftimeduringthe week each gate had to be monitoredto ensure the rotation
was being implemented according to plan. The total managementinputactually decreased by

10percent even though equity increased dramatically (Table 5.11 and Figure 5.27).

At the end of the trial period it was possible to assess the degree of effectiveness of the
revised plan. In 1988, prior to intervention, there was little relationship between the ratio
between actual and planned discharges (Delivery Performance Ratio or DPR) at the bead of
the system and the DPR for each rotational unit. Even when water at the system head greatly
exceeded the target discharge for the area scheduled for irrigation, stealing and other
interventions meant that water delivered to the scheduled rotational blocks was frequently
below target (Figure 5.28a).

Following intervention this pattern changed significantly. Whenever the DPR at system
level was at or below 1.2the scheduled rotation unit received virtually all availablewater. At
higher levels of system-level DPR, the DPR into each rotational unit rarely rose above 1.5,
with any excess water delivered to blocks not scheduled to receive a turn (Figure 5.28b),
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Table 5.| . Averagewater deliveries inmm/day to main canals and units of Gal Oya Left Bank.

Maio canals at Units below Main canals at Units below
Ubana Bifurcation Ubhans Weeragods Bifurcator | Weeragoda
Year s LBM UB LB GB Ubans US WG MD Ml M6
1974 185 175 193 201 161 278 160 93 2040 210 194
1975 195 217 193 208 228 197 190 320 167 180 160
1976 191 195 189 309 136 233 144 133 227 194 227
1977 88 6.2 106 90 30 116 103 79 113 107 116
1978 169 151 181 213 118 242 154 163 149 151 14.8
1979 183 145 212 141 148 267 186 — 173 168 177
1980 158 160 156 179 148 1242 121 114 143 118 1357
1981 155 125 182 153 99 135 256 — 196 234 159
Notes: U/S  Upstream Uhana UBlA-17
LBM  Left Bank Main WG Blocks 26 and )
UB  Uhana Branch MD  Mandur Distributary
LB LBI14-22 Ml Manduyr 1-5
GB  Gonagolla Branch M6 Mandur 6-32

Source; Murray-Rust (1983).

Table5.2. Differences inwater availability index (WAI) by field channel and farm position,
dry season 1982, Gal Ova Left Bank.

Seconday By tertisry canal Ratio
anal location Head Middle Tail Average Head-Tail
Hed 190 186 184 186 1.03
Middle 181 176 175 177 1.03
Tall 164 166 151 160 1.09
Average 178 176 170 174 1.05
By farm location Ratio
Head farm Middk farms Tail farms Average Had-Tail
Head 186 183 185 186 1.01
Middle 180 171 175 177 1.03
Tail 166 152 161 160 1.03
Average 177 171 174 174 1.02

Source: Wijayaratna (1986)
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Table5.3. Dry-season land and vater allocations & Gonagolla Bifurcation, 1974-81.

Left Bank Units (LB14-32) Gonagolla Distributary

Year Land Water Land Water
% % % Ye

1974 34.4 39.5 65.5 60.5
1975 54.3 52.1 457 47.1
1976 344 54.3 65.5 45.7
1977 54.3 78.3 457 21.7
1978 344 48.6 65.5 51.4
1979 40.9 39.6 59.1 60.4
1980 374 41.9 62.6 58.1
1981 47.2 58.0 52.8 42.0
Average 425 51.6 57.9 48.6

Source; Murray-Rust (1983).

Table 5.4. Variability of issue and nonissue periods during dry-season rotations, Uhana

Branch, Gal Oya.
Average length of Average length of
issue periods (days) nonissue periods (days)
Year Plan Actual C.V.(%) Plan Actual C.V. (%)
1969* 5 4.2 23.7 7 74 25.0
1970 5 4.3 17.3 5 5.0 142
1971 5 5.1 6.1 5 4.8 132
1972 5 5.1 9.0 5 51 45
1973 5 5.0 17.6 5 53 30.0
1974 5 5.0 16.8 5 4.9 28.1
1975* 4 48 33.0 6 5.6 22.7
1976 5 47 16.6 5 5.1 235
1977* 4 35 32.0 10 113 9.1
1978 6 4.8 225 6 7.7 184
1979 6 4.6 235 7 8.2 18.9
1980 5 4.1 38.1 5 5.8 26.6
1981* 5 5.3 16.6 6 6.6 28.8
Water-short years.

Source: Murray-Rust(1983).



68
Table5.5. Dry-season gate operations by day of the week, 1974-81.

Gate Daily
operation Mon Tue Wed Thu Fri Sat Sun  average
(@) Yearswith nowater shortage
Open 13 17 16 11 13 15 6
Close 10 18 10 15 13 9 9
Total 23 35 26 26 26 24 15 25
(b) Yearswith water shortage
Open 7 14 9 9 8 6 3
Close 9 10 10 3 10 8 9
Total 16 24 19 12 18 14 12 16
() Total
Open 20 31 25 20 21 21 9
Close 19 28 20 18 23 17 18
Total 39 59 45 38 va7} 38 27 41

Source: Murray-Rust (1983).

Tables.6. Time(in days) takentorespond to dailyrainfall greater than 13 mm/day, Gal Oya
Left Bank, 1974-81.

Gates at Gates at
Year reservoir Himidurawa
Right Bank Left Bank Left Bank
1974 1.00 150 2.17
1975 140 125 150
1976 —
1977* [.80 150 0.70
1978 2.00 0.67
1979 140 1.80 180
1980 0.80 100 |.67
1981* 1.20 057 1.00
Averages
VL Years 1.30 143 158
Dry Years 147 111 1.07
*Water-short years.

Source: Mumray-Rust (1983)
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Table 5.7. Increase in yields, production and water use efficiency, Lower Talavera River
Irrigation System, Philippines.

Toal Water-use
Lateral Area Yield production efMiciency
canal (section) (ha) (t/ha) (fons) (%)
Before intervention (1976}
Lateral A (head) 442 1.6 707 73
Lateral E (middle) 442 3.3 1459 66
Laterals G,H and | (tail) 297 24 713 70
Total 1181 24 2879 69.7
After intervention (1980)
Lateral A (head) 475 4.3 2043 98
Lateral E (middle) 436 5.3 2311 75
Laterals G,H and I (tail) 262 5.3 1389 86
Total 1173 5.0 5743 86.3

Table 5.8.Division of the gross water supply over the Fayoum.

Percentage of equal share of water at Lahun

Bahr  Bahr Bahr Bahr Bahr  Bahr Bahr Bahr  Bahr
Total Total | Yusuf Hasan Wahby Wahby ahby Yusuf El El El

supply supply at Wasef total us d/s d’s Gharag  Nezle d/sNezle u

Moenth m'/s mm/da)| Lahun ares  Nasria Nasria Hawara Tagen Tagen
Apr 709 4.0 95 110 86 9 84 102 145 91 77
May 69.0 3.9 95 110 86 86 86 102 149 89 74
June 776 44 94 11 81 68 85 103 157 86 72
Tuly 88.4 5.0 91 119¢ T4 112+ 82+ l01*  1B1* &0 ()

Aug 88.8 5.1 91  119* 68 90+ 73 104¢  18]* 80* 68
Sept 80.2 4.6 94 112 82 85 80 102 168 79 66
Oct 785 45 94 112 79 78 80 103 156 88 74
Nov 764 44 96 108 81 82 80 106 151 85 71
Nec 614 3.5 92 116 77 57 84 102 155 95 78
Gross command area (ha} | 102181 49685 30660 7560 23100 69421 20557 26880 2100

Note:  Values marked with an asterisk (*) in the months of July and August were calculated with the rating for
Bahr Wahby intake. This rating is subject to frequent change.
Source: Wolters et al. {1987).
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Table 5.9. Handover conditions between irrigation inspectors, Maneungteung Irrigation
System. Indonesia.

Source: [IMI (1989)

From To Location Gate type Measurement
Manerngteung Baraf (Ciledug)
Area l Area 2 MTR 4 Main stop logs Cipoletti
Area | Area 2 MRT 4 8ec. JTS Sliding (new) Cipoletti
Area 2 AM3 MTR 5 Main Sliding (new) None
Area 3 Area 4 PBt Main Sliding (new) Cipoleni
Area4 Area s PB 4 Main Sliding (new) None
Area 3 Area 6 BLS 3 Main stop logs None
Area 6 Area 7 BLS 9 Main stop logs None
Area 6 Area7 BLS |1 Main Sliding (new) Cipoletti
Area7 Area 6 BLS 1¢ Main Sliding (new) None
Maneungteung Timur (Waled)
Area 8 Area 9 Weir Sliding Parshall Flume
Area9 Area 10 M 3 Barat Sliding Parshall Flume
Area 9 Area 1 M 3 Timur Sliding Cipoletti
Mancungtcung Timur (Babakan)

Area 10 Area Ll MB 5 Main Sliding None
Areall Ares12 MB & Sec, GG Sliding Cipoletti
Areall AM 12 MB 102 Main stop logs None

Control Sliding i1 (73%)

Facility Stop logs 4 (27%)

Measurement Parshall Flume 2 (13%)

Capability Cipoleni 6 (40%)

None 7 (47%)
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Table 5.70. Changes in conditions between 1988 and 1989 rotations, Maneungteung East
Irrigation System, Indonesia.

{a) Number of tertiary blocks scheduled to receive water each day.

Mon Tue Wed Thu Frl Sat Sun Averagi
1988
Tatiary hlocks/day 19 16 16 11 8 14 15 141
higation inspectors/days 3 2 3 2 2 3 4 27
1989
Tartixy biocks/day 15 7 9 12 12 13 7 10.7
higation inspectors/days 2 2 2 | 2 2 2 19
(b} Number of locations at which main M d secondary canals must be blocked.
Mon Tuc Wed Thm Fri Sat Sun Total
1988 3 0 2 | 2 2 0 18
(all 1988 operationsinvolved the use of stop logs to block canals)
1989 I 2 2 0 I | 0 7
(all 1989 operations involved the use of adjustable gates to block canals)
{c) Areairrigated (ha) and lengths of malin and secondary canals (m) used each day.
Mon  Tue VWd  Tho Fri Sat Sun Total
1988
Area irrigated 1331 902 995 433 403 1017 870 5951
Length of canal used 13539 21947 12458 12925 16380 19962 21295 118506
1989
Area irrigated 842 564 152 734 576 655 748 4871
Length of canal used 9375 10306 15540 14795 15282 19789 20351 105438

Source: Vermiilion and Murray-Rust{1991).
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Table5.11. Improvements in rotations, Maneungteung East.

[rrigable area (ha): 4871
Number of gates: 114
Number of tertiary blocks: 70
1 Management inputs 1988 1989 % Change
Total management inputs 279 241 -13.6
Total gate openings and closings 104 94 -9.6
Gate supervision (hrsfwezk) 324 274 -15.4
a) Gatesto be adjusted 16.4 9.7 -40.9
b) Gates to be kept closed 16.0 17.7 10.7
Downstream flow must be stopped: 10 6 -40.0
a) Using stoplogs 10 0
b) Usingsliding gates 0 6
2. Equity of rotations
Tertiary blocks with >1 day/week of water 6 0
Weekly inequity index 3.30 .49 -54.8
Notes: “Gate supervision” means that either a gate must be kept closed becanse water is flowing on the upstream

side, or that water is passing through t®gate and discharge must be controlled to distribute water fairly.
Keeping a gate closed is an easier managzment input than having to control discharges throughout the
rotation period.

“Downstream flow must be stopped" means that the maiin or secondary canal needs to be controlied to
prevent downstream areas getting water out of turn.

“Weekly inequity index” is the ratio of the maximum to minimum area planned for irrigation on differen
days of the same week.

These benefits were achieved at no additional cost to normal operational budgets
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Figure 5.1. Waterdistribution equity, Uhana and Mandur branches, Gal Oya Left Bank, Sri
Lanka.

(@) Daily water deliveries

Daily deliveries (I/sec/ha)

(b) Misallocated volume

]

c40'_

[=]

1<)

s 20r

i

o

3 o -

€

=

& 20f
-40}'|iIJI|Jlll_ll.:II||..IIl=II|=|Il}|!_I=I

01 (0%} 08 12 17 MO4 MOB Mi2 M16

Offtakes



74

Figure 5.2 Design impact on water delivery, Gal Oya, Sri Lanka.

Effect of culvert size on
water delivery performance

Water delivery rate (I/sec/ha)

0 10 20 30 40 50 60 70
Culvert diameter/block area (sq cm/ha)



75

FigureS.3. Relationship between culvert dimensions and command area, Gal Oya Left Bank,
Sri Lanka.
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Figure 5.4. \&lex distribution equity along Distributary D36, Tungabhadra Irrigation
System, India
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Figure 5.5. Water delivery performance along Distributary D36, Tungabhadra Irrigation
System, India.
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Figure 5.6. Daily variability of discharge along distributary, Tungabhadra Irrigation
System, India.
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Figure 5.7.Design dischargesfor secondary canals, Tungabhadra |rrigation System, India.
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Figure 5.8. Weekly water distribution report, Hakwatuna Oya, Sri Lanka.
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Figure 5.9. Coefficient of variation of discharges, Upper Gugera Branch, Pakistan
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Figure 5.11. Distributary level. waferavailability index andyields.

Gal Oya, Sni Lanka, 1979-80 wet season
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Figure 5.12. Planned and actual cropping patterns, Tungabhadra Irrigation System, India.
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Figure 5.13. Effecr of rotations on water distribution equity, Uhana Branch. Gal Oya Left
Bank. Sri Lanka.
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Figure 5.14. Differential water aflocations between canals, Bhagat Head Regulator, | ower Gugera Branch, Pakistan.
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Figure 5.15. Water distribution equiry between canals, Bhagat Head Regulator, Lower

Gugera Branch, Pakistan.
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Figure 5.16. Effectsofrotationsby canalsectionondailydischarge, Tungabhadra Irrigation
System, India, Rabi /987-88.
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Figure 5.17. Relative water supply, dry season, 1986, Kalankuttiya, Sri Lanka.
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Figure 5.18. Water disfribufionequity, Viejo Retamo, Argentina, 198849.
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Figure 5.19. Timing of cross-regularorgate operations tostabilizedischarge in Main Canal,
Kirindi Oya, Sri Lanka.

Sequential operation of cross-regulators

o
[+
=

N o) by
& O o
©c O o

Detay of g=te operation

P
o

0:00 .

Figure 5.20. Efficient operations rhrough computer simulation, Kirindi Qya, Sri Larka.
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Figure 5.21. Waterdistribution equity, Way Jepara, Indonesia, wet season, 198849.
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Figure 5.22. Gate widths and design command area: fwo examplesfrom Indonesia.
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Figure 5.23. Design impacts on water distribution equity, Way Jepara, Indonesia, dry

season, 1988.
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Figure 5.24. Waterdistribution equity, Maneungteung, Indonesia, wet season, 1 988.
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Figure 5.25. Water distribution equity, Maneungreung, Indonesia, dry season, 1988.
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Figure 5.26. Changes in equity during rotational irrigation, Maneungteung Irrigation

System, Indonesia.

Improvement of Equity in Block Areas

1500 -

1250+

:

[ Year High:Low
Bl 1988
1989

5.30
1.49

Mon Tue Wed Thu Fri Sat

Sun

Figure 5.27. Changes in management inputs during rotational irrigation, Maneungteung
Irrigation System, Indonesia.
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Figure 5.28.Improvement inwater delivery performance, Maneungteung Irrigation System,

Indonesia.
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CHAPTER 6

Lessons Learned from the Case Studies

LACK OF EVIDENCE OF AN EFFECTIVE PERFORMANCE
ASSESSMENT FRAMEWORK

None or THE case studies contained any evidence of an effective assessment framework which
would help managers improve over the levels of performance reported in the previous two
sections. That does not mean to say that none of the systems have such a framework it might
be there, but is unreported.

Further, and this is equally telling, most of the case studies are reports of specific research
activitiesthat were themselves instrumental in collecting the data presented. This indicates
that the operating personnel and the managers do not have accessto data of sufficientquantity
or reliability to assess performance and diagnose ways of improving it.

Which of these two conditions needs to be addressed first if performance is to be
improved is difficult to determine: data collection programs without a framework appear
doomed todie through lack of relevance; a framework is of little value unless there are good
data to be used.

LACK OF CLEARLY STATED OBJECTIVES

Most of the case studies did not identify the objectives for which the systems were being
managed. This reflects in part the lack of a framework that stresses the importance of having
clearly stated objectives, but it is also because outsiders impose their own understanding of
what the objectives ought to be on the systems being studied.

This highlights a particular dilemma for observers attempting to make judgments about
performance. The most commonly cited objectives, including many of those used in this
study, aremore global in nature: equity, reliability and adequacy are all sen to some extent
as universal to the evaluation of water delivery performance. System managers may have an
entirely different set of local objectives. Unfortunately, if they arenot clearly expressed, they
will be ignored in external assessment, and adifferent set of objectives used in any evaluation
of the level of performance actually achieved.

The combination of the lack of an effective performance assessment framework and a set
of relatively short-term research-oriented cese studies means that there is little information
on the long-term trends of performance in any of the systems studied. Short-termstudies give
little opportunity to see if performance isimproving or declining, and the lack of long-term

99
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performance indicators in the assessmentprocess means that adverse and even irreversible
changes are simply not being monitored.

TARGET AND OBJECTIVEMISMATCHES

Inthemajorityef case studiessomeshortfallisreported either in achievingtargets, in fulfilling
objectives, or in both. It is obviousthat without accurate data such shortfalls are inevitable,
butit may be precisely because of adverse institutional pressures than system operators do not
wish to report “bad news.”

The first step in the diagnosis framework presented in Figure 2.3 is to check whether
appropriatedataexist. Itis essentialthatdatacollectionbe undertaken openly and objectively
if realistic assessment of performance is to rake place. The fact that shortfallsin meeting
targetsorobjectivesarereportedshouldhot initiallybe any cause for alarmordiscrimination:
itiswhen those shortfalls are viewed as persistentthat evaluation must become more critical.

Assuming data exist, and this is not the situation in all of the case studies, then the
diagnosis can proceed to assessing whether the defined targets, if met, would actually meet
the objectives. The examplesfrom both Gal Oya and Maneungteung suggest that even when
targets were met they did not meet the stated or presumed objectives for the system: in other
words, the targets themselves included significantinequity of water distribution while the
system-level objective was stated as being to achieve equity.

Some of the case studies show the opposite: cases where objectives have been fulfilled
even though component targets may not have been fulfilled. Way Jepara shows fairly high
levels of equity, but the operational targets were not met. Perhaps this is because water
conditions were highly favorable (supply far exceeding demand) so that there was no
incentive to precisely meet targets, Certainly efficiency of water use was very low, anexample
of where the second part of the definition of performance is relevant.

Whichever scenariois considered, however, it is obviousthat there is little concern with
better matching the system-level objectives with operational targets. At this stage of the
diagnosis it may not be possible to say which should be modified in the future, but it is clear
that the system is inherently out of synchrony and this can only perpetuate the situation where
performance is lower than it could be.

There is some evidence to suggest that operational targets are institutionalized, and
remain staticeven if external or system-level objectiveschange. Suchrigidity isthe hallmark
of bureaucratically administered systems rather than of performance-oriented management
systems.

The worst case, and regrettably the one that seems to typify most of the case studies s
that neither objectives nor targets were met to any great degree of precision. It may be that
in most casesthe managersare neither “doing things right” nor “doing the right thing.” This
does not mean to say the systems are catastrophes, but it does mean that there is tremendous
potential to improve performance.
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ASSESSMENT OF OPERATIONAL PERFORMANCE

Inthe lower partof Figure 2.3 possible coursesof action are addressed when neither objectives
are fulfilled nor targets achieved. A basic conclusion here is that when neither objectives are
fulfilled nor targets achieved, then any remedial action is going to take a lot longer. It will
require a much more detailed assessment of the management process in regard to the
organization formanagement, the mobilization ofresources. the utilization of those resources
for operations and maintenance, and the management control process itself, if objectives or
targetsare not being fulfilled nor targets being achieved.

Behind this statement is an implicit recognition that current management performance
is sufficiently poor that the actual capacity of the organization to meet a given set of targets
is unknown. The diagnosis directs the remedial measures towards establishing a set of
intermediate goals on the assumption that only when these have been achieved, and there is
positive feedback for those involved, will there be overall improvements in management
capacity to fulfill more ambitious sets of targets.

A simpleexample comes from Kirindi Oya New, and more complex, irrigation designs
proved initially to stress the management capacity of the irrigation agency. Once appropriate
training, associated with computer modeling, took place, it proved possible to manage the
system much morz effectively.

A conclusion thatcan be drawn at this stage is that where there appears to be widespread
deficiency inboththe physical system and the management conditions, the most effective first
steps will be to focus more on improving management rather than going for a technological
solution.

This may seemratherconservative. butitaims atestablishingacapacity to do thingsright
first, and then see if they are really the right things. The focus then switches to an increasingly
detailed assessment of relative priorities for management attention.

The lower part of Figure 2.3gives the basic process by which a manager can determine
which is likely to be the critical setof concerns. In many cases the critical issues will be in the
field of operational implementation, while in others management of maintenance may be of
greater significance. The rationale for each decision in this part of the diagram is not spelled
out in detail here, but a few underlying assumptions should be stressed.

A management-oriented approach does not rule out the need under some circumstances
either to make physical changes in the system design or to increase the level of financial and
human resources, What itdoes do, however, isto view these measures as necessary only when
existing resources have been used to their full capacity.

The case study of rotations at Maneungteung, West Java, exemplifies this point. By
improving objectives, implementation and monitoring through involvement of both agency
staff and farmers, significant performance improvements resulted.

Rehabilitation and modernization, for example, are legitimate strategies to improve
output from a system, but should only be advocated under a specific set of conditions. This
conditioniswhenevaluationdeterminesthat theoperational targets wereappropriateto fulfill
objectives, but were not feasible because of a deficiency in the physical condition of the
system. Assuming that rehabilitation will automatically improve output is not appropriate if
current management is deficient and is not addressed as a component of rehabilitation.

Similarly, seekinggreaterfinancial resources isnot necessarily a viable solution. It istrue
thata vicious circle may be operating here: increased appropriations cannotbejustified based
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on current levels of output. but output cannot be improved with current levels of appropria-
tions. Itisincumbentonagoodmanagertodemonstratethatful lusehasheenmadeofexisting
resources, and develop a setof clear plans for the utilization of any increasesin both financial
and human resources.

The case studies from Pakistan appear to suggest very strongly that management
improvements, particularly the management of maintenance, are essential in improving
overall water delivery performance. More complex technological solutions are less likely to
be effective if the capacity to maintain simple infrastructure is inadequate.

Assessment of operational performance isin large measure asite-specificactivity. What
iSbeing assessed is the degree of achievement of specific hydraulic and othertargets, and their
capacity to meet the system-specific objectives.

Undertheseconditions. therefore, the primary motivationofamanagerwill beto increase
performanceinabsolutetermsforthatsystem. basedonatimeseriesviewofactually achieved
performance. A good example would be the improvement of equity of water distribution: if
this isa system objective and the manager consistently improves the achieved level of equity
this is good performance irrespective of the situation encountered in any other system.

ASSESSMENT OF PERFORMANCE BETWEEN SYSTEMS

It is more difficult and perhaps impossible to make many definite conclusions about the
relative performance of different systems. Nevertheless, the overall environmentin which an
individual system is being operated must be taken into account when decisions have to be
made in respect of where to invest for improved performance in the future.

The case studies are too diverse in both physical design and managerial environment to
be definitive. Nevertheless, in respect ofcertain objectives that concern decision makers at
levels higher than the individual system, the following observations ¢an be made based an the
available evidence.

Equity

Fixed division systems generally outperform gated systems in respect of equity: this is not a
surprising conclusioninsofarasequity islargely builtintothesystem, butit suggeststhatwhen
managers have greater operational flexibility at their disposal they do not use it to achieve
greaterequity. Indead, there is some evidence that the flexibility is not utilizedbecausedesign
assumptions on how gates will be operated are not fulfilled: approximations in design
dominate equity of water distribution rather than precise operational control.

Reliability

In terms of reliability, subsystems within larger fixed division systems often outperform
subsystems in larger gated division systems. However, this depends on the quality of main
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system management: if there is good control atthe system head and if maintenanceis properly
managed, then the fixed control infrastructure is effective in delivering water reliably.

Itis much more difficult to make any conclusionsconcerning either reliability or equity
for small systems because there are less data available. In general, small systems are “self-
monitored” by water users, and there is less need to develop a long-term written historical
database. Itis widely assumed that smaller systems achieve higher levels of performance than
larger ones: the evidence in the case studies discussed here is simply inadequate to come to
any conclusion in this regard.

Adequacy

Assessing adequacy is also extremely difficult. In most fixed division systems itisan explicit
objective not to give farmers as much water-as they -weuld-like to have or could use. The
principle behind many fixed division systems is to share inherently scarce water among as
many users as possible. Adequacy can only be evaluated in terms of individual cropping
decisions.

The evidence suggests that in larger gated division systems despite the relatively greater
investment in physical infrastructure, adequacy is not met. This is true for the Sri Lankan,
Indian and Indonesian examples where there are big differences between water deliveriesand
estimated demand. In all cases studied there appears to be no technical reason why these
differences occur, and the obvious deduction is that management is weaker than required to
effectively operate the infrastructure provided.

One conclusion to be drawn from this is that investment decisions need to be guided as
much by the evaluation of organizational and infrastructural capacity to manage systems as
by the physical precision implied by selecting morecomplex technology. Where management
is weak then provision of a complex system is not necessarily the best investment policy:
simplicity in rules for operation and maintenance and simplicity in design of structures may
result in better performance. The corollary of this argument is that, as indicated above,
upgrading control infrastructure can probably only be justified if the management capacity
already is in place to take full advantage of it.



CHAPTER 7

Propositions for Improving Performance

THis secTioN OFFERS a set of propositions that, if followed by irrigation managers, should
provide the basis for moving towards performance-oriented management. They are based in
part on the management principles outlined in this report and in part on evidence from the
various case studies of aspects of design-management interactions that appear to foster or
inhibithigh levelsof performance, Thepropositionsaredividedintofour sets, thefirstdealing
with objective setting, the second with operational management, the third with information
management and the fourth with management conditions.

These four activities are not sequential. A properly managed organization relies on a
continuouscycle ofplanning, implementation, and review of the management of the tangible
resources availableand the way in which the organization is structured and functions. It is
accepted that there may be improvements in efficiency and in outputs from the system if
individualcomponentsofthisoverall packageareaddressed, but it is not likelythat long-term
sustainedperformance will materialize without a more comprehensiveapproach to manage-
ment of irrigation systems.

OBJECTIVESETTING

A fundamental component of a managed organization is that there is a process that sets
objectives, determines who is responsible for achieving them, and makes sure that all
members of the management team are fully aware of and committed to achieving these
objectives.

Objectives must be simple and clearly expressed and the responsibilities for
achieving them clearly defined.

The case studiesshowthat high performance is only obtained in systemswherethere are
clearly stated, simple objectives for water allocationand delivery. In the case studies from
Egyptand Argentina, forexample, water delivery objectivesare clearlydefined,the operating
rules understood. and short-term targets are largely achieved. In most other case studiesthe
objectivesare unclear, let alone the operationaltargets. Thus, there is little or no opportunity
for stabilization of managementinputs.

System-level objectives must be based either onpast experiencefrom that system,
or from system facing similar design and management conditions, rather than on
assumptions about what ought fo be achieved in more generic terms.
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It is common to find in the preparation of projects, whether system- or sector-oriented,
that objectives are developed whichdonotconform to thedesignofthesystem. Systemsbased
on proportional division, for example, do not have much flexibility to respond to short-term
changes in agricultural demand. It is thus inappropriate tojudge the performance of system
managers using indicators of agricultural output: the focus of performance assessment must
be based on whether water delivery targets were achieved.

Assessment oftheimpact ofdifferentlevelsof performance is, however, quite legitimate.
The case studies indicate that no clear distinction is made between performance assessment
relating to specific objectives of managers and assessment of the impact of current manage-
mentstrategiesonotheraspectsofperformance. A gaod manager, given thenecessarycontrol
over resources, would normally be expected to concentrate on meeting a specific set of
objectives. However, the same manager must also be aware of the impacts of these actions,
and take action if the effect of those impacts is perceived as detrimental.

Performance ofirrigation managers must initially be based on their fulfiliment of
a specified set of objectives. At the same time, there must be a parallel process of
evaluation and reviews of the impacts of current management actions.

There are many reasons why objectives do not match system design. In some cases there
is a need tojustify initial investments based on a set of financial or economic criteria even
though the motivation for the investment is political or strategic in nature. Systems designed
to achieve objectivesof resettlement or regional development, forexample, are still assessed
solely on the basis of the valueofagricultural output because the intangibleobjectives cannot
be so readily quantified.

The case studies present contradictions of this nature: many of the countries have been
highlysuccessful inachievingthe overallobjectiveofrice self-sufficiency, notably Indonesia,
the Philippines and Sri Lanka, because of major investments in new systems or upgrading of
olderones. In such cases, at least in the drive towards achieving that objective, efficiency of
resource use is not a major objective. Indeed, if all systems in those countries performed as
initially anticipated at the feasibility stage, there would be a glut of production and prices
would inevitably collapse. It is easy and probably inappropriate to criticize managers of
systems in these countries for low water use efficiencies or for lovcropping intensities when
these may well reflect low prices and lack of demand.

Performance assessment under these conditions is difficult because the manager may
face acomplex set of objectives, some of which may be contradictory. Itappearsthatalthough
there is widespread recognition that there may be a direct trade-off between equity of water
distribution and overall production, both objectives are included in the assessment of
performance, areal no-win situation because a manager can never fulfill both conditions.

Higher levels of performance appear easier to obtain when the objective set is
simple. Management for complex objective sets, panicularly where different
objectives require different actions overdifferenttimeframes, is extremely difficult
unless there is an explicit recognition of their relative priorities.

A manager faced with complex objective sets needs to know the relative importance of
the different objectives. It is insufficient to draw up a list of objectives (for managers) such
as high production, equity of access to benefits. land settlement, efficient water use and
sustainability without also giving guidance as to which are more important at any given
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moment. Prioritized objectives existed in few of the case studies. There issome evidence that
in the Fayoum study the firstpriority iswith avoidingrises in [ake and water table elevations,
followed by equity of water distribution. In Viejo Retamo, the priorities appear reversed:
equity of water distribution comes first, although there are opportunities for simultaneously
minimizing rises in groundwater elevation.

Objectives must reflect the needs of all participants: policymakers, planners,
managers and users, rather than only of one or mve groups.

There is little evidence that objectives for each of these groups are ever systematically
matched together. A major cause of low performance may well be that the objectives of each
group aresignificantly different: water users may wish for more water, agency staff may wish
to conserve it, planners may want equity. The result is that many systems are characterized
by a combination of formal or official objectives imposed from above, and informal
objectives that develop within the system. If the assessment is based on the formal objectives
alone, performance is likely to look quite poor.

One way of improving performance isbystrengtheningfarmerparricipation in the
annual or seasonal planning process anddeveloping operationalplans and targets.

There isevidence from several of the case studies that performance is better where users
are involved in setting objectives, both at thedesign stags and in thesubsequentdevelopment
of operational plans, rather thanjust being given additional responsibility for operations and
maintenance in accordance with objectives set by the agency alone. This is obvious for the
smaller systems, such asthose of Nepal and lava, but appears equally true for Viejo Retamo
and, briefly, for Maneungteung. In this study the high degree of adherence to the schedule
requiresfull and active participation from users and agency staff, a large contrast to systems
characterized by high levels of conflict between users and agency staff.

This participation does not have to be full-time. The Viejo Retamo case is one where the
participation isconcentratedonly inthe planningofoperations: implementationis undertaken
byaparticularcadreofstaffoftheagencywith no farmer participation inoperations, but only
in monitoring.

Performance assessment requires an evaluation net just of output but of the setting
of objectivesand of the management oFavailable resources in attempting to fulfifl
those objectives.

Output in many systems covered in the case studies appears to fall well short of that
required to fulfill the abjectives: a common assumption in suchcases isthat performance was
not adequate and needs to be improved. Far more frequently it appears that the objectives
themselves were unrealistic: they represent a desire to achieve a level of perfection that is not
possible.

The ca. studies show instances where human resources are insufficient to meet the
objectives, such as in Indonesia. In most cases, individual managers cannot mobilize
additional manpower or financial resources by themselves, and thus cannot be held fully
responsible for lowerthan desired outputs if theseoutputtargets areimposed onthem. A good
manager should make sure that the objectives accurately reflect the probable availability of
physical, manpower and financial resources: development of objective sets that merely
assume that resources will be available is not good management.
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OPERATIONAL MANAGEMENT

Once objectives have been clearly defined the next task is to transform these into clear
quantitative operational targets that are required of each individual within the hierarchy.
Operationalizationclearly includesboth the structure of the decision-making processand the
decisions themselves. Itis therefore the dual task of managing the physical resourcesand the
individuals within the system.

Eachobjective hasto be transformedintoasetofoperationaltargets that match the
responsibilities of each participant in the managementprocess.

A major weaknessin most of the systemsincluded in the case studies is the presence of
a gap between objectives and targets. It is one thing to define a set of objectives, but a
completely different one to express these objectives in a set of practical and implementable
targets.

This isespecially true in cases where the objectivesrefer to social objectives rather than
outputs in terms of water distribution or agriculture, or where the objective is only feasible
when several different agencies manage their resources in a coordinated fashion.

The case studies show little or no evidence of responsivenessto the consequences of a
particular level of performance for the secondary impacts of irrigation on sustainability or
income distribution. In some respects this is not only because the responsibilities of any
particular group do not cover these objectives, but because there are few guidelines on
alternativeoperational strategiesthat would fulfill these objectives without undermining the
achievements towards other objectives.

Itis unrealistic to expect managers at system level todevelop or modify operational
targets unilaterally that will meet objectivesdeveloped inthe external environment.

In many of the case studies objectives handed down from national level are not achieved.
In some cases this can be attributed to the addition of new objectives that were not included
at the timethesystems wereestablished. When objectives are added toanestablished set, then
it is important that system-level managers are given guidance on how to achieve them.

Equally commaon, however, isthe situationwhere operationaltargets do not changeeven
though there are significantchangesin national objectives: operationali ules in many systems
have stagnated for years.

Many system-levelmanagersbelieve they are evaluatedon criteriaover which they have
little or no responsibility; they also feel that they are given no guidance on how to attain a
specified level of output. This is partly true but it is also expected that good management
would lead to the establishment of system-specifictargets and achievethem using available
Tesaurces,

Targets must be quantified to facilitate monitoring, and a set of standards developed
to enable evaluation to be undertaken.

Many targets remain abstractions: if they cannot be quantified it is difficult to see how
performance can be monitored.
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A clear example of this arises in the case of equity objectives for water distribution.
Equity isanexpression of the relative shares of resources that each person isentitled to. Each
system has its own definition of equity, and until this is quantified into percentage share or
discharge targets, effective management of available water is not possible. This process of
quantification carries with it the implicit assumption that there are indicators available that
can measure the extent to which targets were met.

From the perspective of evaluation the process has to go one step further. Evaluation
carries with ita set ofjudgments as to whether aset of outputsis considered acceptablegiven
the resources available, and thus it enables an assessment of whether management perfor-
mance was good or bad.

In the case of equity, for example, the Interquartile Ratio provides a measure of
distributionofaccesstowater. However, withoutknowing whether the water right isanequal
share or someotherproportion, itis notpossible to compare IQR data from different systems.

INFORMATION FEEDBACK AND MANAGEMENT CONTROL

Managementsystems include control mechanisms: theseassess whether targets are being met,
ensure that individuals are doing what they are supposed to do and provide feedback intothe
next phase of planning and objective setting. Although control is an essential condition for
management, it is often weak or missing.

Withoutgood and accurate information there can be no progress towards perfor-
mance-oriented management.

The basic condition of comparison of actual and target conditions requires that there be
sufficient information not just to make that comparison but to contribute to an understanding
of why the desired level of output was or was not achieved.

Thecasestudies suggest thatina number of cases agricultural output was acceptableeven
though the water delivery targets were not being met. This is possible if managerial inputs
from water users are adjusted to compensate for uncertainties in water deliveries. It may also
be that excess water deliveries were made. If there is an effective system of control it will, in
the long run, lead to both target achievement and efficiency of resource use. The more
common symptoms of complacency because objectives were met do not mean any guarantee
of sustained performance into the future.

Management cannot operate as a black box when either the internal or external
environmental conditions are changing: it is essential that managers understand
how toachieve particular targets under one set of conditions so that they can make
appropriate operational changes when other conditions change.

If operations are based only on the assessment of outputs, then a long-term managerial
strategy does not result. Similarly, there may be a lot of experience built up with individuals
but when they depart thereislittleor no residual understanding of how systemswork. Indeed,
rapid transfer in an environment where there are few clear objectives strongly favors
administrative types of control over managerial ones: the tasks and rules remain unchanged
as staff come and go.
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Thecommontendency to report that targets have been achieved when in reality they
have not is completely alien te the concept ofperformance-oriented management.

Onedepressingcharacteristicofalmostal bfthecasestudiesis that very littie of the data
presented camedirectly fromthose involved inmanagement of theirrigation systems. Instead,
the data came from additional or external studies and may not reflect the internal information
base on which managers can make informed judgments on how to better manage available
resources.

Pressures to conform toand not embarrass colleagues mean that itisconvenient to report
what people want to hear rather than report what actually happened. At this point data
collection becomes a pointless exercise.

Informationon the levels of target achievementand the consequences for agricul-
tural output must be directly integrated into the management structure.

There are many cases where monitoring programs have been established only to wither
anddieinashortperiodoftime Whilethishasoftenledtoasearchforal ternativeparameters
or monitoring techniques, the fundamental problem is that unless a manager desires to use
information in a constructive manner there is no incentive or utility in collecting that
information.

This is why there is little evidence from the case studies that medern technology for
information management is being widely adopted. There are few instances of the use of
existing computer models to assess alternative operational and maintenance strategies. Such
models enabling testing of different scenarios without jeopardizing agricultural output
facilitate speedy processing of datacollected through routine monitoring activities. In many
cases the technology exists but the institutional conditions do not.

INSTITUTIONAL AND OTHER MANAGEMENT CONDITIONS

The final set of propositions relates to the institutional conditions within which systems are
managed. All the best management advice in the world will have little or no impact if the
organization is not willing to adopt performance-oriented management techniques.

Performance-oriented management requiresa set d incentivesand commensurate
accountability throughout the management structure.

Management, by its very nature, is not a static activity. There is constantchange within
irrigation systems and in the external environment. If the same management decisions are
made year after year, they rapidly become inappropriate to the changing needs of systemsand
the sector as a whole.

The case studies suggest, however. that the decision-making process is largely static at
system level because there are few rewards forimproved performance, and little accountabil-
ity for failing to achieve a predetermined set of targets. Under these conditions the process
of setting targets and then evaluating performance based on an assessment of the degree of
achievement of those targets becomes an abstraction.
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Large irrigation agencies, particularly those where salaries, promotions, and other
incentives are not linked to performance, are highly resistant to change and there are few
examplesof such changes occurring asaconsequence of internal debateand planning. Where
change has occurred, it has tended to come from outside the agency.

Evaluation of performance in respect of each objective requires an explicit
statement of who 15, and who i not, responsiblefor atraining that objective.

Systems that have simple water allocation objectives, such as those relying on propor-
tional division of available water, enable clear distinctions to be made between performance
in terms of water deliveriesand agricultural output performance. In such systems, as long as
water is delivered as promised, the system manager cannot, in the short term, be held
accountable for failure to meet production targets: these are the direct responsibility of
farmersin conjunction with any agenciesproviding agricultural support services. This seems
to be the case in the Fayoum and Viejo Retamo systems. When water delivery targets are not
met, such as in the Pakistan case studies, the impact of water delivery performance of system
managers is directly visible in terms of agricultural output performance.

Failure to clearly define résponsibilities forachieving objectives appears to lead
almost inevitably to lower levels of performance.

In systems where there are more than one group of participants, then the definition of
specific responsibilities is essential: the term “joint management” might be better expressed
as “coordinated management.” Planning can be undertaken jointly, with different groups
expressing their desires and their constraints, but a necessary outcome of this process is that
each group knows where it has full responsibility: joint responsibility for implementation to
achieve certain objectives is not a satisfactory condition if there is no parallel system of joint
accountability orjoint benefit.

Accountability requires that there be specified targets or contracts at points of
transfer of management responsibility which enable all parties te determine
whether the agreed level of service hasactually been achieved and to assess causes
offailures to meet the terms of this contract.

Withoutsuchacontract itishighly unlikely that either strategy will besuccessful because
the basic condition of performance assessment, the comparison of actual and target condi-
tions, will be absent.

The transition from current practices to performance-oriented management will be
difficult; it requires changes in planning, in operations, in control and in the institutional
setting. The transition requires that patience and understanding are present to tolerate false
starts and mistakes during this process.

Irrigation management always occurs in an uncertain environment. The best laid plans
will inevitably fail attimes despiteevery effort toavoid this happening. Administered systems
are generally not tolerant of deviations from rules, even though there may be quite legitimate
reasons for those deviations; a management-oriented approach will use these deviations & a
learning experience rather than pretending they did not happen.

A management approach should not, of course, be used asan excuse to tolerate repeated
failures indefinitely: it has to incorporate learning as a process which will improve perfor-
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mance. The case studies suggest that the same errors are made repeatedly because the
organizations involved cover up internally and blame other participants in the management

process.



CHAPTER 8

Sustaining Irrigation Performance

LONG-TERM ASPECTS OF PERFORMANCE

CHarTERS4 AND 5 largely focused on short-term aspects of performance asaconsequence of
the physical design of the system: indicatorsutilized included water distribution, its utility for
irrigated agriculture, and some assessmentof outputs such as yield, cropping intensity, and
irrigated area. These indicators are most likely to be those used by system managers because
they are directly related to the seasonal and intra-seasonalgoals that they helped to establish.

Of increasing concern, however, is theissueoflonger-termimpactsofirrigation,and the
consequences of continuing current management practices on the sustainability of irrigation
systems. Irrigation which is poorly managed has the capacity to be self-destructive,

Oneset of concernsaddressesissues of sustainabilityof performancewith currentlevels
of management inputs. A major failing, reflected in many of the case studies, is that current
output indicatorsdo not showtrends. Monitoring and informationmanagement requirements
to determine trends are different to those required for determining short-term performance.

A second type of concern is whether the management system is capable of responding
to changes in existing objectivescaused by changesin conditionsexternal te the systemitself.
Agencies that are more administrative than managerial in nature are less likely to respond to
such changes because reassessment of objectivesand resources is not built into the monitor-
ing-evaluation-response cycle.

The extent to which the irrigation system managers are receptive to these concerns is a
reflectionbothoftheeffectivenessofanyevaluationprocesshatexiststo assess performance
over time, and the effectiveness of any process that assesses the links between target setting
and fulfillmentof objectives.

Inthe vast majority of cases there is a clear gap between management at system level and
the objectivesetting/evaluation process conducted at higher levels. Short-term evaluations
incorporated into the process of setting annual, seasonal or daily targets rarely consider
longer-term issues: more commonly, management is concerned with fulfilling short-term
informal objectives developedjointly between system operators and water users.

SUSTAINABILITY OF PERFORMANCE WITHOUT EXTERNAL
CHANGE

All of the case studiesincluded in Chapters4 and 5 describe short-term performance levels,
but they do not address the wider issue of whether these levelsare sustainableinto the future
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giventhecurrent management system. This makes it difficult todiscuss sustainability and the
consequences of continuing to perform at current levels at system level.

Waterlogging, Salinity and Soil Degradation

The case studies suggest that system managers are not very concerned with whether the
physical resourcebaseoftheirrigableareaisbeing sustained. Activemanagement in response
to lake levels within the Fayoum in Egyptisthe notable exception, wheredischarges into areas
that drain directly into Lake Qarun are reduced to avoid the rise of water level above a
specified limit. Other case studies are less encouraging.

The Viejo Retamo case study provides an example of how groundwater levels could be
managed through an effective monitoring program. Research indicates that groundwater
fluctuations are directly linked to the ratio of water requirement to delivered water, not to
rainfall (Figure 8.1).If deliveries are reduced during periods of low evapotranspiration the
water table level can be kept below danger levels.

The simplicity of objectives of this system means that it is possible to simultaneously
achieve equity and reliability while maintaining a concern for long-term productivity of the
agriculturalsystem. Adequacy isr:otan operationalobjective; itislefttoindividualsand water
usergroupstoadjusttheir cropping patternsto meet the planned waterdelivery schedule. Yet,
at least asfar as the case study is concerned, there is no evidence that the management guide
has been adopted.

Environmental concerns are of great importance to sustainability of agriculture in
Pakistan. At one level, currentoutput performance is relatively disappointing asindicated by
cropping intensities, cropping patterns or yields. There is someevidencethat wheat yields per
unit of water in Pakistan are highest when farmers have access to a combination of surface
water, shallow tubewells and deep tubewells (Bhatti et al. 1989). Nevertheless, access to
surface water appears to determine certain cropping choices: more rice is grown by farmers
with reliable accessto surface water supplies because it is cheaper and of better quality, and
cropping intensities are highest in areas where surface water supplies are most abundant
(Vander Velde 1990).

Most important, however, is the question of salinity resulting from under-irrigation.
Canal water in distributaries has low salinity (EC of 0.2), and is used by farmers to compensate
for high usage of lower quality fubeweli water: in upper-end areas shallow groundwater has
ECvaluesof0.75 to1.25, deteriorating to 2.0 or above in tail-end areas. Evidence is mounting
that the present intensity ofgroundwater useis leading to soil salinization inareas of relatively
good quality groundwater and this is depressing both yields and cropping intensity (Kijne et
al. 1990). The solution to this problem is to use surface water for leaching, but this is not an
option available to many tail-end farmers because of the inequitable distribution of canal
water under current managementinputs. Fixed orifice systems have severe limitations in any
strategy to provide short-duration additional supplies for leaching.

Itistrue that both waterlogging and salinity are recognized once they have built up to a
level where production is being lost, but there is comparatively less success in establishing
an early warning system that would facilitate management responses to alleviation of the
problem.
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This is partly dueto institutional factors, where watertable monitoring, salinity monitor-
ing, surface water management, and deep tubewell management are undertaken by different
government organizations. Farmers are completelyand independentlyresponsiblefor private
shallow tubewell development and management.

There has been a technological fix to the problem, once it had arisen, through the
installation of drainage systems, but because installation and operational costs for drainage
systems are rapidly rising, there is now an increasing concern with finding alternative ways
to alleviate the problem. Changed system management practices could help but they require
major changes in the timing and volume ofwater deliveries to tertiary blocks, a situation not
feasible with the existing design. Further, production objectives must be modified if water
allocations are modified to minimize salinity build-up.

Some authorities have expressed concern that soil fertility may be declining as a
consequence of continuous irrigation, particularly in humid tropical rice-based irrigation
systems that result in anaerobic soil conditions for months or even years on end.

These physical changes are the direct consequence of system operations, and yet there
is no simple set of methodologies for system managers to adopt that allows a sustainable
balance between short-term output targets and long-term sustainability to be pursued.

Health

There are increasing concerns with the impact of irrigation on the prevalence of water-borne
diseases, vectors such as mosquitoes or snails, and contamination of drinking water from
agricultural inputs such as fertilizer and pesticides. All of these lead to a decline inthe quality
of life and the physical capacity of farmers and their families to maintain production.

For vector-borne and water-borne diseases there is already a good understanding of the
hydrologic conditions that favor or reduce the incidence of diseases, but little progress
appears to have been made in transforming these into operational rules or guidelines for
system managers. Health hazards from irrigation are still viewed merely as a cost that has to
be paid for for maintaining production rather than as an integral part of the objective set to
be considered when drawing up shorter-termplans for water allocation and distribution.

Inequitable Access to Benefits of Irrigation

Effective and efTicient irrigation performance depends heavily on the mutual cooperation of
all involved. There can be little doubt that water allocation and distribution play a significant
role in determining whether such cooperation exists.

When water is insufficient to meet demands of all, there may be benefits interms of gross
production in concentrating water delivery within a limited portion ofthe system. However,
this strategy has to be weighed against the long-term social cost ofdepriving the same group
offarmers ofwater each time. Ifalong-termobjective ofthe system isto provide equal access
towater to all beneficiaries then allocation plans and distribution practices must reflect this
objective.

At the system level there is plenty of evidence from the case studies that current water
allocation and distribution practices result in highly unequal access to benefits. Tail enders
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almostalwayssufferadisproportionatéurden whenwater isinshortsupply; thisoften results
in conflict and disruption of management of the system.

The case studies show a wide variety of approaches to this issue. In the more arid areas
such asEgyptand Pakistan, water allocation principles share deficits equally among farmers,
even though in practice this may not be actually achieved.

In humid areas, however, the picture is more confused. Way Jepara in Indonesia shows
aneffort to spread deficits equally toall users over a two-year period, albeit with a potential
loss of production in wetter years as a consequence. Other case studies, such as at
Maneungteung, Gal Oya and Tungabhadra, are examples of how operational practices can
continuously favor head-end farmersattheexpense of those atthe tail. In systems of this type
itis not surprising to find land abandonment at the ends of many canals, ahigh level of friction
between farmers and agency staff and conflicts within the farming community.

The LTRIS case study indicated positive benefits from an intervention aimed ata more
equitable sharing of access to water. Similarly, the establishment of farmer organizations in
Gal Oyain association with rehabilitation, enabled farmers to participate in water allocation
decisions at secondary, subsystem and system levels. Engineers operating the system both
before and after the establishment of farmer organizations report that conflicts were reduced
dramatically, and that water distribution was far more equitable by the end of the project.
Despite these relative successes, there is little evidence that these gains were sustained long
beyond the period of intervention.

Asecond dimension of inequitable access is the problem of reduced benefits of irrigation
for landless families, women and other disadvantaged groups. None of the case studies show
any evidence of specific management strategies to accommodate these interests. Unfortu-
nately, this is not unexpected. Whenever unequal access to resources is not directly related
to spatial distribution of water at the main system level, system managers have little or no
opportunity to modify allocation and distribution procedures to favor a particular group
within the farming community as a whole. In larger systems it remains largely beyond the
scopeof irrigation system managers to find ways of targeting the disadvantaged; this requires
action at the community level.

In small systems. particularly those where a new water source is created through
installation of tubewells, there are opportunities to establish water rights for targeted
disadvantaged groups. In Bangladesh and India there have been pump groups created that are
operated by landless people and women, enabling them to earn an income through selling of
water and charging for a water distribution service. A long-term indicator of success of this
approach is, of course, the extentto which additional income is reserved for maintenance and
replacement of pumping equipment.

MANAGEMENT RESPONSE TO EXTERNAL CHANGES

None of the case studies reveal any significant concern with long-term changes in theexternal
resources and conditions that affect the potential of the system to maintain performance into
the future. To some extent this may be because case studies by their very nature tend to be
short-term views of performance, concentrated into one or two seasons. They may also be
based in someway on adiagnostic approach within the context of some form of special study
so that longitudinal aspects are missing, and trends cannot be observed.
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There are, however, institutional factors affecting the capacity or interest of agencies
responsible for irrigation management to respond to external changes. Because they do not
have adirectrole in managing these external changes, it iseasier to ignore them than respond
to them. The interest of most irrigation management agencies is likely to remain short term,
particularly in organizations where transfer is frequent and there is little or no response to
actual levels of performance.

A few examples of external factors that create changes in the resource base available to
the system, or which change demand for outputs from the system are briefly discussed below.

Competition for Water Resources

In none of the case studies covered was there any evidence of effective monitoring and
analysis of water resource availability at the head of the system. Some of the studies reported
clear rules as to how torespond to short-term, within-season changes in water availability, but
what appears to be lacking is any systematic process whereby water resource availability is
seen as a long-term concern that feeds directly into the annual planning process.

Atthe sametime, it isclear that water resource allocations for irrigation are under threat
in many of the countries included in the case studies. Typical causes of this threat are
increasing demands for water From nonagriculture sectors such as domestic water supply,
industry, aquaculture or hydropower generation. A recently emerging trend in a number of
countriesisaconcern for water quality, resulting in the establishment ofminimumdischarges
inrivers to sustain acceptable quality standards. This may lead to changes in the total volume
of water available for irrigation, as is already occurring in East Java.

Given that many of the systems included in the case studies are able to abstract water from
rivers with relatively little control or concern for downstream discharge conditions, it is not
surprising that these concerns are not included in the management strategies of irrigation
agencies. It is inevitable that appropriate responses will have to be developed in the not too
distant future as water gets increasingly scarce.

In the Small-Scale Irrigation Turnover Project in Indonesia, for example. it has become
apparent that watercourse management, which involves sharing of water between existing
systems and decision making over creation of new systems, is an essential component of the
objective of turning over all systems less than 5() ha to farmers. It is interesting to note that
this function isalready undertaken for all of Eastern Bali by the high priest of the water temple
system. who must authorize every change in water abstraction from rivers (Lansing 1991).

Declining Water Resources Availability

A related issue is that of decreasing water resource availability, irrespective of whether
demand is increasing or not. Watershed changes, such as deforestation and soil erosion, can
change the hydrology, flood pattern and sediment load downstream. The implications for
reservoir life lengths, and the increased load on maintenance staff in run-of-the-river systems
are obvious.
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These long-term changes in water availability require commensurate changes to water
allocations made during the annual plan process. However, the case studies provide no
evidence that such long-term changes are being recognized by irrigation system managers.

Groundwater extraction faces related problems. Water tables in some locations are
dropping sufficiently rapidly that shallow wells, and in a few cases even deep tubewells, can
no longer pump water.

Changes in Agricultural Demand

Changes in government policies towards the agriculture sector may have profound impact on
the way irrigation systems are managed.

In the case studies where water is divided by fixed structures. such as Egypt, Pakistan,
Argentina, and the small systems of Nepal and Indonesia, most management change will have
to occur within the boundaries of the tertiary block water allocations cannot change without
major redesign of all division structures. It is the responsibility of fanners to decide, either
independently or in small groups, how to respond to incentives to move from one cropping
pattern to another.

In systemswhere there is flexible control over water delivery there should, in theory, be
plenty of scope forresponse to changes in agricultural demand such as diversification away
from rice to other crops following the achievement of rice self-sufficiency. However, there
is little evidence from the case studies from either Sri Lanka or Indonesia that any systematic
revision of operational rules and guidelines for systems has taken place to enable managers
to serve the needs of farmers who have changed tr who wish to change from rice tc another
crop. Results from the Philippines indicate that experimentation with water management at
system level in diversifying systems is still continuing.

Pakistan shows an anomalous situation: diversification isto some extent from non-rice
to rice, because of the high export price for Basmati rice. This has placed pressure on the
system becauseextensive rice cultivation is not possible under existing water allocation rules.
There is evidence of significant conflict over water at the start of the wet season as more
influential farmers attempt to establish large areas of rice.

Despitethisexception,the most productive and diversesystemsinthe casestudies appear
to be those with simple allocation and operational rules. As long as water supply is reliable
farmers appear quite flexible in their cropping choices to respond to agricultural changes.
Surprisingly, where there is greater potential flexibility in water deliveries, notably in the
humid tropics, there tends to be less diversification.

Financial Sustainability

Many irrigation agenciesare facing financial crises atthe present time. Thisisin part because
they were able to grow rapidly in parallel with the massive investments in new construction
but, as the levels of construction leveled off and then declined, income into the agencies was
reduced commensurately. The traditional levels of financing of operation and maintenance
costs provided through annual recurrent budgets are too small to meet the increased
establishment but many governments cannot readily dismiss surplus staff.
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Most irrigation agencies feel that if only the O&M appropriation were increased, they
could doabetter job managing the systems. Many policymakers remain unconvinced, feeling
that past performance does not justify increased expenditure. The standoff continues, but
there are other changes to consider.

Many governments, either unilaterally or under pressure from lending agencies are
attempting to reduce annual appropriations. not just for irrigation but across the board.
Irrigation agenciesthatare not self-financingface great difficulties in maintaining their O&M
budget, and a huge proportion of what is made available has to go to staff costs rather than
to improving operations or maintenance.

The performance consequences of charging farmers for part or all of O&M costs are also
notclear: roles and responsibilities of agencies have toundoubtedly change because they will
have to be more responsive to the needs of the users who will foot the bill.

The recent trends of turnover of O&M responsibilities to farmers at tertiary and even
secondary level, and the handover of full O&M responsibilities for smaller systems, may well
have an impact on the performance of systems. However, it is too early to find good data
following these changes.

Competition for Land or Labor

Onefinalexampleofexternalchangeiscompetitionfor non-water resources, notably for land
and for labor.

In the Maneungteung case, actual irrigated land was about 10percent less then officially
reported. This is symptomatic of the tremendous demand on land for housing and other
nonagriculturalpurposes. Similartrendscankseeninall areas of dense population, and these
inevitably lead to decreases in irrigation potential.

In Malaysia and other Asian countries experiencing rapid industrialization, agricultural
land is king abandoned because other sectors offer better and perhaps more congenial
employment opportunities. Malaysia has abandoned its policy of rice self-sufficiency,
promoting higher-value agro-industrial crops instead. Significant areas of former rice lands
are now left idle.
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Figure. 8.1. Effect of irrigation management on groundwater, Vieje Retamo, Argentina.

1.0 =

(a) Demand/supply, rainfall & watertable

0.8
0.8 -
0.4
02 |
0.0

Demand/supply ratio
Canal closure

00 =

20

Rainfall

(0]

1.758
-2.0

below
surface Jan

Demand/supply ra t

Feb Mar

—— [ S L I I

Depth to groundwater

Apr May Jun Jul Aug Sep Oct Nov Dec

(b) Irrigation impact on groundwater

-0.2

0.1 0] 0.1 0.2 0.3
Groundwater fluctuation {m/month)



CHAPTER9

Conclusions

GIVEN THE DIVERSE hature and expectations of the case studies included in this paper it is
difficult to come to definitive conclusions. Nevertheless, it is possible to make a number of
general conclusions that have relevance for future activities.

Thecase studies show little evidence of performance-responsive management being
undertaken by the various agencies concerned.

The evidence from the majority ofthe case studies is that irrigation system are not
managed in response to performance. Where operational or maintenance rules are indicated
in the case studies, they are most often routinized rather than made in response to actual field
conditions. Virtually none of the case studies indicate the actual objectives of operating the
system, thereby removing a major component of the performance assessment process.

There is strong evidence that actual conditions do not coincide with the stated targets in
most of the case studies. However, given the data available, it is hard to distinguish between
those cases where the mismatch between desired and actual conditions is deliberate, in
response to legitimate changes at field level, and those cases where it is the result of poor
control.

Whereirrigation managers do not state their objectives clearly, they run the risk of
having objectives imposed on them by others.

Most ofthe case studiesdescribe performance in terms of ageneral set ofobjectives that
are assumed to apply more or less universally. This is certainly true of indicators that refer
toequity, reliability and adequacy. These may not necessarily be the objectives fora particular
system, although they are of interest in a comparative sense.

This difference between the objectives of an individual system and those ata wider level
is an important one. Clearly, it would be impossible to expect every system to contribute
equally tothenationalgoals, although the total sum of their contributions should approximate
the wider objectives. An important task for managers ought to be to distinguish clearly
between thoseobjectivesthey see as beingof local or site-specificimportanceandthose which
are part of the wider sector view.

In assessing individual system performance, those responsible for undertaking perfor-
mance assessments should try to determine which objectives are priorities at system level. If
they do not succeed in identifying local objectives (and the authors here may be guilty in this
respect) then assessment will be based on the imposition of wider objectives rather than on
those objectives actually viewed as important at the system level.
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The case studiesprovide lirrle or no information on the instirurional or organiza-
tional condirions in the systems described: it is very difficuit ro make a rrue
assessment of design-management interactions wirhour such information.

Most of the case studies describe the physical design of the system (although this had to
be supplemented by personal knowledge in several cases) but few describe the management
conditions in any form at all. It is therefore easy to fall into the trap of linking performance
oo much tothe physical conditionsand ignoringthe contribution of the management structure
to actual performance achieved.

In many countries, including those represented in the case studies. governments spend
lessand less in real terms on system operation and maintenance. This means that managerial
capacity is likely to be weaker than in the past, and thismustaffectperformance. While it may
be assumed that the organizational structureand institutional conditions aredesigned to match
the management requirements of a particular design, there is some evidence to suggest this
isnotthecase: many of the State Irrigation Departmnents in India and Pakistan are more or less
similar in structure and purpose even though the system designs vary significantly.

Simple designs and simple operational rules rend to resuit inperformance ar least
asgood as that in complex systems, and may even ourperform them in absolute
terms.

In amore positive light, one conclusion that appears to emerge from the case studies is
thatsimplicitytendstoleadtobetter performance. Thisistrue both forsimplephysical designs
and for simple operational rules and targets: where they are combined it is easier to meet
targets.

The counterargument is that simple targets may be too modest and may be too inflexible.
Thisisundoubtedly true. Nevertheless, the evidence suggests that where the systems have a
highdensity of operable control structures,oracomplex set of operational procedures, or both
simultaneously. overall performance is no better and is frequently worse than where design
and management conditions are simple.

This study concludes that increasing the control potential of an irrigation system without
addressing managerial capacity is highly unlikely to lead to improved performance. Con-
versely, improving management of a system can lead to performance improvement without
any physical improvements whatsoever. The more successful case studies reinforce this
conclusion strongly.

Theprospectsfor sustaining performance improvements into the future are weak
i there B no institutionalized framework for responding effectively to acrually
achieved performance.

All of the case studies are short-term snap shots of conditions over one or two seasons:
no long-term studies are reported. There is some circumstantial evidence that performance
improvements resulting from such short-term managerial intervention may not be sustained.
The reason for this is almost inevitably the consequence of the lack of a performance
assessment framework within agenciesthan enables managers to rapidly identify deviations
fromthe implementation plan and take appropriateremedial action both in the short term and
within the annual or seasonal planning time frame.
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Few o the case studies show any evidence of concernfor sustaining rthe physical
resource base necessary for productive irrigated agriculture.

Few case studies show evidence of managers using long-term indicators of the overall
condition of physical resources. In the cases reported by ILRI in Egypt and Argentina, and
1IMIin Pakistan, referencesaremadeto waterlogging and salinity; all other case studies show
a short-term focus only.

It is arguable that a system manager may find it extremely difficult to manage for both
the shortterm and the long term. Even if this istrue, however, there is little signthat long-term
monitoring activities are fed back into the annual or seasonal planning activity in such away
as to modify existing water or crop allocations or areas authorized for cultivation.

Opportunities for the Future

Many of the conclusions given above require verification. The use of secondary case studies
thatcontaininsufficientinformationwill, in the long run, need to be replaced by a set of more
focused in-depth studies that address the management process, and identify more precisely
the complex relationships between system design, planning, implementation and control.

The need for more data through a set of carefully implemented case studies is obvious.
Itis always difficult to use secondary data, particularly where the objectives of those studies
may be quite diverse. A systematic approach to measurement of output and management
performance, taking into consideration institutional and resource conditions, is likely toresult
in a much clearer understanding of the factors that affect performance.

Futurestudies need to mave well beyondthemain focusreportedhereofcanaloperations
and maintenance: this focus was dictated in large measure by the inconsistency between case
studies on the depth and breadth of information on other aspects of system management
conditions and performance in respect of agriculture or economic development. Similarly,
future studies have ta include greater concern for environmental and social conditions which
have the capacity to undermine agricultural stability if they are not made part of the objective
set for system managers.

The paper has attempted to address the shortfalls that exist in current management
practices in relation only lo water delivery in the canal system. There can be little doubt that
what is required in the future is the implementation of a performance-responsive framework
that managers and planners can use, and a parallel set of more consistent and more focused
performance case studies in a range of physical and institutional environments. If this
combination of intervention and knowledge improvement can be undertaken, then we are
confident that this will be the basis for more sustainable, performance-oriented irrigation
management in the future.
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Appendix 1

Glossary

This glossary providesdefinitions of the objectivesand performance-related indicators used through-
out the text.

Obijectives

This report refers to three primary objectives for an irrigation system. Although these are described
separatelybelow, it isobviousthat they areinterrelated: unless itisclearlyspecifiedthat thesystemdoes
notintendio meet one or more of these objectives, assessment of only one or two of them willbeunlikely
to fully describe performance in respect of water delivery.

Adequacy

Adequacy is a measure of the degrze to which water deliveries meet soil-plant-waterrequirements. A
system that has adequacy objectives anticipatesdelivering water in sufficient volume at appropriate
timesto aveid potential yield reductions caused by periods of water shortages that create stress in plants,

Many systems do not have adequacy as a water delivery objective because there is insufficient water
inrelation to land resources to permit all farmers to cultivate their lands to their full extent. Under such
conditions adequacy can only be managed by individuals. who have to make choices as to area irrigated
or type of crop grown, thereby regulating their own demand © meet the expected water delivery
schedule.

Equity

Equity is an expression of the share for each individual or groupthat is considered fair by all system
members. It must not be confused with equality, which is only one specific equity condition. In
designing irrigation systems there is a tendency to equate equity with equality by assuming that
satisfying adequacy is the overriding water delivery objective, and that water demand can be directly
related to unit irrigable a@a (or a modification thereof if enough is known of different soil or other
physical conditions that alter adequacy values).

The experience from many small systemsiis that shares for individualsare highly variable, based on a
reflection of other social values within thecommunity. The same is true in societiesthat rely on water
rights, be they first-come-first-served,inherited. allocated or purchased.

Most standard indicatorsreferring to equity actually measure equality. This is not merely a matter of

statisticalconvenience: because the conceptof equity isdifferent in each community. it requires prior
investigation before it can be quantified.
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Reliability

Reliability is an expression of confidence in the irrigation system to deliver water as promised. In
continuous flow systems it refers primarily to the expectation that a particularwater level or discharge
will be met or exceeded. Under such conditions, variabitity isthe main concern. although only when

water levels deop below aminimumvalue: if adequacy objectivesare met, then variabilityisof relatively
minor concern.

Where flow is intermittent, due to rotational irrigation or other water-sharingarrangements,italso has
to describe the predictability of the time when flow will start and stop. The effectiveness of each
irrigation turn in meeting either adequacy or equity objectives depends on the time of the turn, the

volume delivered, and the predictability of the length of the tum and the length of the interval between
tums.

Iffarmerscanbecertain whenirrigationwateris going to arrive, then they can make their own cropping
choices to provide the level of adequacy they are willing to accept. Unreliable supplies are likely to
prove a major and insurmountableconstraintto high agricultural output.

Performance-Related Indicators

A number of performance-telated indicatorshave been used in the report. Whilemost will be familiar
to readers, a brief description of a few of them is provided for clarification.

Delivery Performance Rarw (DPRJ.The Delivery Pzrformancs Ratio is an gxpressioa of the actual
discharge divided by target discharge at any location in an irrigationsystem,

In the text, references have been made to “upstream DPR:” this is the actual discharge reaching a
structure divided hy the total of target discharges for all canals at that strugture. Comparison of DPR
in each downstreamcanal with upstream DPR helps determinehow water surplusor deficitis shared.

Interquartile Ratio (IQR). Inthis reportthe term “Interquartile Ratio” refers to Abemethy's modified
interquartile ratio that comparesthe average of the top 25 percent of values in a range with the average
of the lowest 25 percent of values (Abemethy 1989). It can be applied to many different output
measures, such as discharge or yield, as well as to such indicatorsas DPR.

Relative Water Supply (RWSJ. The indicator RWS, developed hy Levine (1982), compares water
availability wilh actual demand. It is normally expressed as:

Irrigation Supply +Rainfall
RWS =

Seepage * Percolation * Evapotranspiration

The value of RW S is anindication of the relati ve abundance of water with respect to adequacy, although
it is sensitive to the scale of the area irrigated because of the influence of conveyance losses, At tertiary
level an RWS value greaterthan 1.5 suggests water is sufficientlyabundant that management inputs
need not be very intensive, hut with values ator close to 1.0 management inputs themselves will not
necessarily compensate for the relative scarcity of water.
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Water Availability Index (¥A!). The indicator WAI, developed by Wijayaratne (1986) is a simple
method of quantifying water adequacy at field level. Itis based on a qualitative scale of observations
of water conditions in rice fields:

4.0
3.0
2.0
10

Ve flowing from paddy to paddy
Standing water in the rice field

Soil is moist, with water in depressions
Soil is dry and surface cracks are appearing

Fieldstudieshaveindicatedthat W Al is most effective indescribing the waterconditionsforrice plants
during the critical 50-day period that starts 70 days before harvest, This provides a rangs of values from
204 (continuous water supply throughout the period) down to 50 (no standing water at any time).



Appendix 2

Description of Systems Used as Case Studies

This appendix describes the main characteristics of the systems used in the case studies. The
descriptions are grouped according to the design environment in which the system has been classified.
The following systems are described:

Ungated Overflow Systems

1. Six farmer-managed systems in Nepal
2. Cipasir, West lava, Indonesia
3. The Fayoum. Egypt

Submerged Orifice Systems

4.  Upper and Lower Gugera divisions of the Lower Chenab Canal, Pakistan
5. Mudki and Golewala distributaries, India

Gated Division, Little Cross-Regulation

Gal Oya Left Bank. Sri Lanka

Tungabhadra, India

Hakwatuna Oya, Sri Lanka

Lower Chenab Canal, Pakistan

10. Lower Talavera River Irrigation System, the Philippines

© © N

Gated Division, Fixed Cross-Regulation

11.  Kalankuttiya Branch, Mahaweli System H,Sri Lanka

Gated Division, Gated Cross-Regulation

12.  Viejo Retamo, Rio Tunuyan System, Argentina
13. Kirindi Oya, Sri Lanka

{4, Way Jepara, Indonesia

15, Maneungteung, Indonesia
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Case Study #1: Sir Farmer-Managed Systems In Nepal

As part of a wider evaluationofthe benefits ofthe Agricultural Development Bank of Nepal Program
to improvesmall irrigation systems, 11MI staff undertook adetailed study ofirrigation conditions in six
sample systems (1IMI 1991). Three systems are located in the Terai lowlands south ofthe Himalayas
and three in the hill region of the Himalayan foothills

The three Terai systems are all established run-of-the-river systems that were scheduled for rehabili-
tation and possible expansion. Two of them, Laxmipur (I 34 ha) and Tulsi (70 ha) irrigated their full
potential command area, while the largest, Parwanipur, irrigates 218 ha out of an irrigable area of 266
ha. However, in the initial design it was estimated to be capable of irrigating 400 ha.

All three rely anweirs diverting water out of wide rivers that have highly seasonal discharges, ranging
from unpredictable flash floods throughout the rainy season to low base flow during the dry season.
Parwanipur has a permanent weir, while theothertwo havesmaller temporary diversion structuresthat
require significant annual maintenance. In terms ofphysical conditions ofstructures inthe conveyance
system, all can be described asaverage: most structures and canals function but are not always in good
condition.

Water supply in the wet season is ample, which allows the entire area to be irrigated, but is scarce in
the dry season when only a limited area can be cultivated.

The three hill systems are much smaller, Bandarpa irrigates 14 ha, Baretar 13 ha, and Jamune 10 ha.
However, all have long canals leading from the water source to the head of the irrigated area: Baretar
isthe shortest, with 1.5 km, while each of the other two is approximately 4.0 km long, winding along
steep hillsides. In the described cases, the intakes are not permanent and require a lot of annual
maintenanceinadditionto repairs to the canals after landslides. In all thesesystems water isconsidered
only adequate during the wet season, and is very scarce in the dry season.

All six systems rely on proportional division between each of the main sections of the system. Within
gach section, however, water distribution is negotiated between farmers either on the basis of time or
of perceived need for water

Reference:

International Irrigation Management Institute. 1991. Evaluation report of Ageicultural Development
Bank of Nepal Program for assistance to small irrigation systems (in preparation).

[The authars gratefully acknowledge the assistance of the /IMI Nepal Qffice in providing
access to these dataprior to submission of the final evaluationreport. and to assistance
provided by the Departmen: of Irrigation 0F His Majesty 's Government of Nepal. The study
wasfunded by a grant from the Ford Foundation office in New Delhi, India.]
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Case Study #2: Cipasir, WestJava, Indonesia

Cipasirrepresentsatypical farmer-managedsystem in West Java Built in more or less its present form
by fanners some hundred years ago, the system relies on a simple offtake in the Cipasir River and
irrigates 39 ha.

Mostwatercontrol is by overflowsweirs piaced in the main canalthatdivertwaterintoaseriesofblocks
a few hectares in size. The weirs were originally carved from tree trunks, but a number of them have
now been replaced by concretesectionsthat still maintain the sameproportions of crest length for main
and offtake canals. In the sleeper upper parts of the system, however, water deliveriesare provided by
a series of bamboo pipes leading directly out of the canal to avoid erosion.

Water rights within the systemare complex, and do not dividewater equallyby irrigable area. Instead,
each farmer hasa certain rightthatreflects the length oftimethe family hasbeenamemberof'the system:
families involved in the initial development of the system, primarily those near the head, are entitled
to agreatershare of water and are thus able to cultivate two or three crops a year, depending on their
location in the system. Farmers in more recent extsnsions to the system have fewer rights.

Typically, rice is grown twoorthree timesayearnearthe headofthesystem, withanincreasingamount
of non-rice grown towards the tail end, where it may be possible to grow only one or two crops a year.

In the 1970s, the system was included in the official list of government systemsand a weir keeper
employedto operate the gate at the head of the main canal. All other operationsand maintenanceare
undertaken by farmers.

The study was included as one of the 1¢ samplesystems in the first phase of the Shall-Scale Irrigation
Turnover Program to assessthe needs for physical and organizational upgradingprior to handover of
full operations and maintenance responsibilities to fanners

Reference:

International Irrigation Management Institute. 1989¢. Efficient irrigation management and system
turnover TA 937-INO Indonesia: Final report, volume 3; Small-Scale Irrigation Turnover Program.
Colombo, Sri Lanka.

[The authors gratefully acknowledge assistancefrom Dr. Douglas Vermillion of IIMI in
providing additional maferial. Thestudy was funded as part of a larger grantfrom the Asian
Developmenf Bank and fhe Ford Foundafion, Jakarta. ]
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Case Study #3: The Fayoum, Egypt

The Fayoum Depression, southwest of Cairo, hasagrossirrigatedcommand areaof 1 50,000 haef which
about 132,000 ha are currently irrigated. The main canal diverts water from the Nile 284 kmupstream
of the head of the system.

Each rotational unit, ranging in size from 8to 200 ha is scheduled to receive continuous irrigation
deliveries, with a maximum designed supply of 7.1 mmv/day.

Wiater distribution in the main canal system is through a set of gated regulators with undershot gates
ateachofthemain bifurcationsin thesystem. However, below theseregulatorgates, waterdistribution
is achieved through overflow weirs (each known as a nasbaf) where all crest levels are the same, and
the width of each weir is propartional to the areaserved.

The cropping patterns, chosen annually by the Ministry of Agriculture in recognition of the limited
operationalflexibility, determines weekly demand fortheentire year in advance, and adjustments made
to each of the regulators on a weekly basis. Summerdemand, for rice, cotton, and vegetables is much
higher than for winter wheat, bersim and vegetables.

However, water allocations have had to be adjusted in effortsto prevent excess increases in the level
of Lake Qarun, an internal depression from which there is no drainage. Rising lake levels cover
productive land, a lossthat cannot be tolerated in an environment where 96 percent of the total land is
desert and annual rainfall isabut 10 mm.

The results reported here are from the Fayoum Water and Salt Balance Model Project, a cooperative
activity between the Fayoum Irrigation Depariment. the Drainage Research Institute of the Water
Research Center of the Ministry of Irrigation, and ILRI,
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Case Study #4: Upper and Lower GugeraDivisions, Pakistan

Since mid-1986. liMI, in cooperation with the Punjab Irrigation Department, the Punjab Agriculture
Department and the Water and Power Development Authority, has undartaken a series of studies on
irrigation and agricuitural conditions in various distributaries inthe Lower Chenab Canal command in
Punjab Province.

The distributaries in Upper Gugera Division selected for special study were Lagar, 20 km long and
irrigating about 8,000 ha through 23 submerged arifices, andMananwala.45 kmlongimgating27.000
ha with 125submerged orifice outlets. In the Lower Gugera Division, more than 230 km further down
the canal system, the distributaries studied were Pir Mahal, 47.5 km long and irrigating nearly 15,000
ha through 90 outlets, and Khikhi, 50 km long and irrigating 33,[19 ha through 158 outlets.

All distribgtaries have similar designs. Below the head regulator there are no adjustable gates, and all
water distribution is through outlets dependent on the operating head. Although the vast majority of
outletsaresubmerged orificesof the Adjustable Proportional Module type, afew openflumesalscexist,
Inafew locationswhere minors (small distributaries) branch fromthedistributary somedegreeofwater
control is achieved through the use of wooden stop logs, normally placed vertically in the canal. All
regulation -at Bhagat Head Regulator. which controls Khikhi, Pir Mahal and two other smaller
distributaries, is through the use of such stop logs.

Planned annual croppingintensitiesareeither 30 percent, adesign water allocationof 0.13 Vsec/ha, or
75 percent. equivalent to 0.2 Usec/ha, depending on any existing water rights prior to construction in
the 1900s. However, actual annual cropping intensities are frequently in excess of 100 percent due te
intense groundwater use from a combination of public deep tubewellsand private shallow tubewells

When there is sufficient water. particularly inthe Upper Gugera Division, basmati rice is the preferred
crop in the wet season. Other common crops include wheat, maize, millet, fodder. sugarcane, cotton
and vegetables.

Below the outlet into each watercourse water distribution between farmers is through the warabandi
system, each farmer taking the full discharge into the watercourse for a specified period of time.
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Case Study #5: Mudki and Golewala Distributaries, India

The design ofthe systems of the Indian Punjab is almost identical to that described forthepreviouscase
study, based on the same type of submerged orifice. The description of the design is therefore not
repeated. Design water allocationsare 1.8mmvday, about 0.2 L/sec/ha.

The only significant physical difference is that both distributaries atz in a reservoir-backed irrigatian
system. This meansthat there is alesser amount of sedimentation than inthe Pakistan case. Maintenance
requirements are significantly lower as a consequence, and discharges are almost always above the
minimum of 80 percent of Full Supply Discharge that is permitted under current operational rules.
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Case Study #6: Gal Oya Left Bank , Sri Lanka

The Gal OyalL eftBank islocatedinthe easterncoastal plains of $ri Lanka. The systemwas built between

1952 and 1960 following the construction of the Senanayake Samudra Reservoir. The designed
irrigatedareafor the whole Gal Oya Systemwas 43,000 ha, of which 13,000 haexisted beforethe project
commenced. The Left Bank Canal Systemis designed to irrigate approximately [ 3,000 ha, but some
tail-end areas have never been irrigated and rely on wet-season rainfall for crop production.

The currentirrigation systemwas superimposedona seriesof smallerreservoirsdating back to several
hundred years. The main canal passes through several of these reservoirs, making it possible o control
releases at several different locations. The main and secondary canal system is controlled through a
series of undershot regulator gates, some venical, others radial, at the major bifurcations. However.
there were only three cross-regulatorsin the main canal system other than at bifurcations.

All offtakes from main and branch canals intodistributarychannels are gated culvens. Thereis awide
range of command areas of distributary channels, from 4 1o 500 ha, with each distributary channel
ierigating one or more tertiary units. Therewerenomeasuringdevicesinstal ledinthesystemotherthan
at the main reservoir, although some daily water-level readings were taken.

The system grows almost nothing other than rice. In the tail-end areas there has been a little tobacco
and vegetablecultivation,butif wateris insutficient forricecultivationthen land is normally left fallow.
Annual cropping intensities were about 150percent. Water allocationswere on the basis of I,300 mm
of water for wet-season rice, and 1,800mm in the dry season.

The studies reported in this volume are based on research activities undertaken during the Gal Oya
Water Management Praject between 1979 and 1984, The research was conducted by the Agrarian
Research and Training Institute. Colombo and Cornell University, together with the Sri Lanka
Irrigation Department. Following this project, conditions have become very different from those
described above.
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Case Study #7: Tungabhadra Pilot \rrigation Project, India

The Tungabhadra PilotIrrigation Project straddlesthe borders of Kamataka and Andhra Pradesh States
in India. with a total command area of 510,000 ha. The Left Bank Command Area, studied in a
collaborative project between the Command Area Development Authority and ILRI supported by
Dutch Government funding, covers 244,000 ha.

The main Left Bank canal has atotal length of 227 km, with 106 secondaryofftakes, The command arsas
of these offtakes range from 50 to 35,000 ha. The main canal is lined throughout its !2ngth, while all
other canals are essentially unlined. Each secondary is controlled by a gated culvert. There are four
cross-regulators in the main canal. In secondaries there are no gated cross-regulators, but some drop
structures exist that help stabilize water levels.

Water delivery into each watercourse is also through a gated culvert, typically commanding 40-60 ha
but sometimes as large as 200 ha. There are no structures within the watercourse distribution system.

Water allocations are protective in that water isinsufficient to meetall demand. Typically they average
0.40 to 1.08Vsec/ha, depending on the season and the crop to be grown. There is also a policy of
localizationthat determinescropping patterns: 45 percentcroppingintensityinthewet season (of which
only 20 percent isto be rice), 37 percent in the dry season (none of which is supposed to be rice). plus
18 percent of perennial crops. notably sugar and cotton. Although this should result in an annual
cropping intensity of {00 percent over two seasons, actual cropping intensity is about 67 percent, of
which one third isrice.
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Case Study #8: Hakwatuna Oya, Sri Lanka

Hakwatuna Qyaisa 2, LOOhareservoir-backed systemin northcentral 8ri Lanka. The system is divided
into two pans, each with a main canal running along the contour. A series of secondary and tertiary
canalsofftake directly fromthe main canal, also of varying command areas controlledby a gated culvert.
The Right Bank Main Canal System, approximately 13 km long, has no cross-regulation capacity and
the head upstream of each offtakeis dependent on the discharge released directly from the reservoir.
The Left Bank Main Canal System is somewhatlonger, approximately 20 kmiin {otal, but is subdivided
into three branches with a bifurcation structure at the head of each subbranch. Between' these
bifurcations, however, there is no cross-regulation.

A dual stage rotational pattern is adopted in the system in the dry season as storage in the reservoir is
normally insufficient for continuous irrigation. The entire system is closed for about 5 days followed
by water issues for about 6 days. Within this 6-day period, water is issued to smallerareas in rotation.
averaging approximately 80 ha, the rotation attempting to deliver water more or less in proportion to
the area served, and rotating water between canals within each rotation period.
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Case Study #9: Lower Chenab Canal, Pakistan

The Gugera Branch Canal isa major part of the Lower Chenab Canal Irrigation System constructed from
19000 1910, Thehead of the canal, at Sagar Headworks, where the Upper Gugera Branch starts, serves
atotal command of at least 1.2million ha and has 176 distributary canals totaling at least 2,800km,
and a Full Design Discharge of 310 m?/sec.

Thetotallength ofthecanal is over 250km, terminating at Bhagat Head Regulator in the Lower Gugera
Division. Along this length there is one major regulator at Buchiana where Burala Rranch takes off.
Otherwise there are virtually no gated cross-regulators but there are several drop structures that serve
to stabilize water levels. Most drop structures are associated with scouring on the downstream side.

The high sedimentloadofthecanalmeansthatdesignvelocitiesarenormal lymorethdn0 m/sec. This
makes it difficult to regulate flows through using stop logs, although it is undertaken on the upstream
side of some bridges. The bed level of the canal is, in many areas, much higher than designed, and
freeboard has had to be sacrificed to get full discharge along the canal. Breaches are not uncommon,
particularly in the Lower Gugera Branch and require major and rapid attention when they do occur.

Most offtakes from the Gugera Branch are undershot gated structures. There are some that are
proportional dividers, but with a crest level well above that of the canal bed. and some are controlled
only by vertical stop logs.

For most of the year the canal is operated at or near Full Supply Discharge, but is closed down fortwo
or more weeks in the winter season for essential maintenance and repairs. The time involved in refilling
the canal means that irrigation is effectively stopped for several weeks at the tail, although crop water
requirements are very low at this time of the year.
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Case Study #10: Lower Talgvera River Irrigation System, the Philippines

Thebasic design of the Lower Talavera River Irrigation System in Central Luzon is very similar to that
of Gal Oya in that along the main and secondary (*'lateral’") canals there is very little cross-regulation
capacity. In the wet season this does not cause particular problems because river discharge almost
always exceeds the design capacity of the main canal, and canals can be operated at, or close to, design
capacity. In the dry season. however, thesituationismoredifficult because river discharges are fow and

less reliable. and certain areas cannot ke scheduled for irrigation

Inan actionresearch studyconducted between 1974 and 1976 by the National Irrigation Administration
and the International Rice Research Institute. efforts were made to find alternative ways of operating
the system that would result in a higher degree of water distribution equity and thus higher production
and income for water users.
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Case Study #11: Kalankuttiya, Mahaweli System H, Sri Lanka

Kalankuttiya Branch Canal of Mahaweli System H was completed during the 1970s. The main canal
is 1 1km long, serving 20 secandary offtakes. The total command area is 2,040 ha

Dischargesin Ihecanal arecontrolled fromt a small reservoirsupplemented by issues from the upstream
portions of the integrated Mahaweli network, Thisenables plansto be drawnup onaseasonal basis with
an indenting system for bulk issues of water into the reservoir.

There are duck-billed weirs immediately downstream of each offtake along the main canal, thereby
ensuring stable head conditions on the upstream side of the offtakes, The offtakes themselves are gated
culverts, with a broad-crested weir immediately downstream to facilitate discharge measurements.

Tertiary blocks served by a secondary canal arc simple gated culverts with no measuring devices. They
are designed to deliver approximately 30 I/sec, and an effort was made at the design stage to make
tertiary blocks more or less uniform in size at 16 ha.

In the wet season, when water is abundant, the entire area is under rice. There have been major efforts
sincethe systemwascompletcdtoencouragecul tivationofnon-ricecropsinthedlyseason particularly
onlightertexturedsoils, in an ffort to avoid water snortages. This strategy has been partially suceessful,
panicularly for chili cultivation.
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Case Study #12: The Viejo Retamo System, Argentina

Viejo Retamo is a secondary canal within the 74,270-ha Rio Tunuyan Irrigation System of central
western Argentina. It irrigates 4,890 ha divided into 33 tertiary units. Average tertiary unit size is 150
ha, ranging from 30 to over 700 ha.

The head of the secondary canal is controlled by an overflow division structure. However, unlike most
overflow structures that have fixed crest lengths, the proportion of flow between the main canal and
secondariesis controlled by an adjustable vane. This allows for staggering of irrigation deliveries
through the system to reduce peak demand.

Belowthisheadstmcture. sach tertiary block is cantrolled by a verticai sliding gate and a cross-regulator
in the secondary.

There is a strictirrigation schedule based on time. Each tertiary re¢sives two turns a month, with two
clustersoftwoor three tertiariesreceivingwateratany givenmomentin time, Themtations' tums move
sequentially down the canal. and are controlled by a gatekeeper employed by the federatedwater user
association.

The simplicity of this system means that all farr»  know precisely when water will be delivered, and
how much will come in each tum.

The relatively shallow groundwater table, normally within 2.0 m of the surface, means that irrigation
provides only a limited proportion of total crop requirements, especially for deep rooted crops.
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Case Study #13: Kirindi Oya, SriLanka

The Kirindi Oya System in southern Sri Lanka has acommand area 0F12,900ha, including 4,500 ha
of existing irrigated land prior to the project which started in 1986.

The Right Bank Main Canal included for the first time in Sri Lanka a significant increasein gated cross-
regulation capacity in the main canal:alongihe 24, 5.k length of this canal, 15 gated cross-regulators
were installed making it possible to regulate water levels upstream ofvirtually all ofthe offtakes along
the lower two thirds of the canal. The canal gradient is low (0.3 m/km) so thaf cross-regulators can have
a significant backwater effect over 2.0 km.

Standard operations generally include rotational deliveries between tertiary canals, because of
perennial and chronicshortagesof water in the reservoir that have severely restrictedthe irrigablearea
in several seasons.
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Case Study #14: Way Jepara, Indonesia

Way Jepara is a reservoir-backed system in southern Sumatrastartedin 1981and designed to irrigate
6,700ha. By 1989 only about 5,500 haof the command area had been developed, and some 500 ha were
not irrigable due to the collapse of a siphonon the smaller Right Bank Canal.

The system conforms to the currentdesign guidelinesofthe Department of Public Worksin Indonesia
Along the main canal there are a series of wntml structures at which combinations of secondary and
tertiary blocksofftakefromthemain canal. At each structure there isa cross-regulator in the maincanal.
In some locations the cross-regulator consistsof one or more undershot sliding gates, while in other
locationscross-regulationis achieved through the use of stop logs that act aso verflow weirs. Gates for
every secondaryand most tertiary canalsare of Romijn type, verticallyadjustable broad-crested weirs,
although there are a few tertiaries controlled with undershot sliding gates.

The currentoperational plan is simple. The entire systemis irrigatedin the wet season,and all farmers
cultivaterice. Inthedry season, approximately50percent of the area is scheduled for irrigation, again
only forrice, However, there s a well-implemented program where the dry-season area rotates befween
the upper and lower half of the systemin alternateyears. Itis ameasure of the cooperativeness of farmers
in the upper half of the system that when they are not scheduledto receive dry-season irrigation they
do not interfere with irrigation supplies passing down the main canal to the lower half of the system.
Farmers not scheduled for irrigation grow rain-fed crops, narmalky cassava or maize, with good results
as rainfall is persistent well into the main dry season.

The system was included within the Asian Development Bank-Ford Foundation grant to [Ip] for
collaborative studies within the Directorate of Irrigation |, Department of Public Works, and the
Lampung Provineial Irrigation Service.
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Case Study #I5: Maneungteung Irrigation System, Indonesia

The Maneungteung Irrigation System is east of Cirebon, West Java. Served by a weir in the Cisang
Garung River al Cikeusik and an 8-km long main canal to the headofthe system, the total irrigated area
is 7.611 ha

The design is essentially the same as that of Way Jepara. although there are rather more sliding gates
serving tertiary blocks due to flatter topography in thetailendandafewsecondarieswhichdonot have
a proper headgate Or measuring device.

The tail-end portion of the system borders on the Java Sea. It is subject to flooding in the wet season,
so that much of the lowest 500 ha has either been abandoned or converted to shrimp farms.

The western third of the system, irrigating 2,400 ha, is dominated by sugarcane cultivation, up to 50
percent of thetotal area at any one time. The eastern two-thirds. however, have only about 20 percent
of sugar cultivation, much more wet-season rice, and extensive onion cultivation that relies on hand
irrigation fram trenchas dug intorice fields and filled by using canal water. There are many shallow
wells in the lower third of the system, either relying on hand irrigationor using portable diesel pump
sets, to supplement scarce dry-season canal supplies.

The system was included within the Asian Development Bank-Ford Foundation grant to 1IMI for
collaborativestudieswithin the Directorate of Irrigation 1, Department of Public Works. and the West
Java Provineial Irrigation Service.
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