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PREFACE
 

The Water Management Synthesis II (WMS II) Project included as
 
part of its mandate the establ ishment of a program of special studies.
 
The purpose of this program was to increase the capacity of participant

universities to serve USAID irrigation program objectives in technical
 
assistance, training, and technology transfer globally and in specific

Asian countries. 
During the course of deliberations with representatives

of Cornell University, Utah State University, USAID/Washington, and USAID
 
missions, Colorado State University (CSU) developed a program of special

studies focusing on the following theme: interfacing farm water manage­ment with main system management through development of local command area
irrigator organizations. 

Given budgetary constraints, it was. decided that CSU's special
 
studies would be conducted in conjunction with other WMS II funded ac­
tivities where possible to obtain the maximum possible benefit from
 
allotted resources. Therefore, in Sri Lanka the CSU special studies
 
effort collaborated with the USAID/CSU Diagnostic Analysis Project led
 
by Dr. Larry Nelson, which was identifying constraints to effective
 
water management at four tank sites in Polonnaruwa District. The CSU
 
special studies program, while collaborating with the larger diagnostic

effort, conducted its related investigation ")n two of the four tank

sites selected for the diagnostic analysis.
 

In Pakistan, another collaborative arrangement made possible the 
conduct of research on the special studies agenda. No special studies

funds were available for work in Pakistan. However, the Command Water

Management 
 Project, under the leadership of Dr. Wayne Clyma, incorporated
the special studies effort in its diagnostic analysis of irrigation
problems on the Niazbeg distributary in Punjab. Without sucn cooperation,
special studies investigation in Pakistan would have been impossible. 

In Thailand, insufficient USAID financial support was available to
 
sustain a program of research on the special studies theme. However,

the Royal Irrigation Deparitment (RID) invited the CSU special studies
 
program to participate in its program of action-research launched at
 
Lam Chamuak to examine ways to mobilize farmers to participate in rehabil­
itating small-scale tank systems. RID support, made available under
 
the program administered by Mr. Nukool Thongtawee, Director of Operations

and Maintenance, supplemented USAID/CSU/WMS II resources. It made a
 
Thai field team available for collaboration. These people were critical 
to the Thai special studies investigation. 

In India, as in the o'her cases, insufficient WMS II funds were
available to sustain a program of special studies research. However,
it was possible to support one junior member of the CSU/WMS II team,
Mrs. Vrinda Bhandarkar, for several months of special studies field 
work at a site that had been the focus for an earlier CSU/WMS II diagnos­
tic analysis. The work accomplished by that particular diagnostic analy­
sis effort did much to enhance the special studios effort. The r.pecific 
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diagnostic analysis reports of the activities with which the CSU special

studies effort collaborated are referenced in the appropriate case study
 
volumes.1
 

Volume 1 is not a synopsis of research findings; summaries are
 
provided in each of the subsequent reports. This volume does not present
 
a unified theory -- no single theory can comprehend the richness of 
irrigation organization in its technical and social aspects. Each dis­
cipline has its theories relevant to irrigation, but theories abstract
 
only selected aspects of the socio-technical whole. Practical human 
beings operate with many theories simultaneously when dealing with their 
complex technological systems. Therefore, this volume does not present
 
a recipe for building local organizations; there can be no such useful

recipe that fully covers the rich diversity of existing cultures and
 
local project contexts. 

What, than, does this volume do? First, it presents the premises,
concepts, perspectives, and vocabulary necessary to place consideration 
of local farmer irrigation organization irto an interdisciplinary per­
spective in company with the main and farm system irrigation work that
 
has been undertaken by many investigators. Although each case study
 
volume is designed to stand alone, it will be helpful to the reader to
 
acquaint him or herself with the concepts and perspectives advanced in
 
this volume.
 

Second, this volume employs a set of concepts to frame an argument

about the nature and design of local farmer irrigation organizations, a 
line of reasoning which is advanced as being useful to policy makers 
and analysts of local organization and farmer participation in irrigation

development. The ideas advanced in this volume have emerged from many
 
experiences in irrigation systems, and from much discussion and reflection
 
with thoughtful observers in many countries. These ideas have been 
further developed in the course of the special studies research reported
here. However, Just as one does not deduce properties of a house from 
the properties of individual bricks, one does not formulate general
principles of local irrigation organization design and operation simply 

1Linking Main and Farm Irrigation Systems in Order to Control 
Water.
 
WMS Report 69. Water Management Synthesis Project, Colorado State
 
University, Fort Collins. 

Volume 1: Designing local organizations for reconciling water 
supply and demand (D.M. Freeman).

Volume 2: A case study of the Niazbeg distributary in Punjab, 
Pakistan (E. Shinn and D.M. Freeman). 

Volliic 3: A tank system in Madhya Pradesh, India (V. Bhandarkar
 
and D.M. Freeman).


Y:-i4,me 4: 
 The case of Lam Chamuak, Thailand (K. Paranakian, W.R.
 
Laitos, D.M. Freenan), 

Volume 5: Two tank systems in Polonnaruwa District, Sri Lanka
 
(J. Wilkens-Wells, P. Wilkens-Wells, D.M. Freeman). 
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by deducing and testing farmer and main system management behavior on
 
any particular set of case study sites. 
Specific hypotheses were empiri­
cally tested at the particular case study sites reported on in Volume 2 
through Volume 5, and implications were drawn. However, Volume 1 is not 
about testing a master theory. 

Emerging from the work accomplished during the Water Management

Synthesis II Project reported here, and from other related work done
prior to and simultaneously with WMS II, a conceptual framework has
been formulated for thinking about local irrigation organization problems
with an interdisciplinary perspective. This volume is intended to syn­
thesize strategic considerations emerging from this corpus of work and 
make it available for review and critique. 
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EXEQITVE SUMMARY
 

This, the first volume in the Water Management Synthesis II seecial
 
studies. series, presents an overview of the concepts and perspectives

which informed the conduct of the special studies case study research
 
reported in the four following volumes (2-5). Chapter I of Volume 1
 
defines the nature of the problem -- water control -- and contends that
 
effective local organization between main and farm systems must reconcile
 
supply and demand by uniting main system and farmer knowledge and by

offering effective protection against the depredations of 'free riders"
 
who would seek to capture the benefits of other people's investments
 
without contributing a "fair share" of the local resources required to
 
manage water. Failure to design and implement effective local organiza­
tion between farmers and main system managers results in degradation of
 
water control and productivity.
 

This point is demonstrated in detail in each of the case studies
 
which follow (volumes 2-5). At each case study site, local organization

is poorly designed givan the criteria advanced in this report and water
 
is not sufficiently controlled, which has negative consequences for
 
agricultural production. The message of the case study data is clear:
 
poor local irrigator organization is directly connected to loss of irri­
gation water control. As water control diminishes, farmers shift from
 
higher yielding, but more moisture sensitive crops, to lower yielding,

less water demanding varieties. Furthermore, compromised water control 
reduces yields. 

Water is productive for food and fiber insofar as 
it is effectively

controlled. It must be placed in the crop root zone at the proper time
 
and in the appropriate quantity. As control over water diminishes, its
 
availability to the crop root zone is degraded, and its value as a produc­
tive asset is reduced.
 

In gravity-flow irrigation systems, state ministries operate main
 
system works to establish a profile water supply. However, main system

interests fcr delivering water supplies fundamentally differ from the
 
interests of farmers and must be reconciled with the demand agendas of
 
individual farmers. The vehicle for accomplishing this reconciliation
 
is one or more local irrigator organizations which can disaggregate

main system water at designated points in ways which will earn farmer
 
support and local investment while protecting the interests of the main
 
system suppl iers. Local organizations are necessary to this task because
 
they provide social and physical space within which the different supply

and demand interests can be buffered, main system and farmer knowledge
 
can 
be meshed, and irrigators can be protected from self-seeking behavior
 
of neighbors who may be individually rational in pursuit of water, but
 
whose self-interested actions may lead to the collective ruin of all.
 
Chapter II of this volume defines the specific dimensions of the problem:

1) the need to reconcile farmer water demand agendas with main system

supply agendas, 2) the need to integrate site-specific farmer knowledge

with main system management knowledge, and 3) the need to provide and
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protect collective goods required for water in thecontrol organizational 
level between farm and main systems. 

Chapter III discusses strategic components of any local irrigator

organization. While there are hundreds of things which can affect organi­
zational performance, one wishes to ferret out a few 
strategic variables
 
-- small changes in which make big differences for effective function­
ing. It is suggested that the strategic decisions in the design of
 
effective local irrigator organizations that have large impacts on local
 
organizational effectiveness are the following: 

1) the pattern of authority. (Staff responsible to the community 
of irrigators is nreferable to staff responsible to the main 
system.) 

2) 	 the pattern of staff recruitment. ("Local" staff recruited from 
local labor markets are preferred to "cosmopolitans.") 

3) the nature of the water share distributional system selected.
 
(It is desirable to eliminate distinctions between head and tail
 
irrigators and closely connect payment of organizational obliga­
tion to water delivery.) 

4) the nature of organization for routine maintenance. (Preference
 
is given to using local resources to hire fulltime maintenance
 
staff compared to relying on periodic membership mobilization
 
during off-season periods.)
 

Chapter IV discuss-as strategic conditions that must be fulfilled
 
prior to seriously undertaking a program of imDlementing local water
 
users organizations. Then, three major options are presented for as­
sembling sets of local organizations to function between main system
 
management and farmers., 
 A critique of each option is offered. Each
 
option has different implications for attracting farmer allegiance and
 
sustained support. 
Chapter V briefly concludes by suggesting that irri­
gation system design choices that exclude incorporation of well-designed
and effectively implemented local irrigator organizations may well en­
counter substantial problems with securing local water control 
and farmer
 
support for operations and maintenance.
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"...It must be stressed that irrigation is as much
 
an expression of human organization and its adaptation
 
to the physical environment as it is a technical 
achievement." 

(Cantor, 1967) 

"The best structure will not guarantee results and 
performance, but the wrong structure is a guarantee
of non-performance. All it produces is friction 
and frustration." 

(Drucker, 1974) 
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I. INTRODUCTION
 

Creating and operating organizations has always been a central
 
concern of human beings who recognized that they must make permanent

arrangements to secure and collectively manage what they could riot obtain
 
individually. In large-scale, gravity-flow irrigation systems, one
 
item that people cannot obtain individually is a unit of irrigation

water control. In no culture have individuals been able to secure such

control. 
 Irrigated agriculture in large-scale, gravity flow canal systems

has a ,iays meant the organized collective attempt to control water to
 
better fill crop consumptive needs. The progress of people has depended

on how they have organized their collective lives; the progress of irri­
gation systems depends upon the quality of irrigation organizations.
 

The thesis of this volume, and of the following four volumes, is
 
that problems in irrigation projects are traceable in great measure to

failure to properly integrate social rules with physical tools in the
 
design of irrigation organizations. Specifically, this five-volume
 
series analyzes the problem of irrigation organization in gravity-flow

irrigation systems of varying sizes by focusing on 
deficiencies in irri­
gation rules and tools which link farmers to main system management.
 

The objective of Volume 1 is to present an analysis of organizational

breakdown in the level 
between main system bureaucracies and farmers, and
 
to formulate strategic variables and relationships that contribute to

improved design of local irrigation organizations. The subsequent volumes
 
(2-5) report empirical case studies of middle-level irrigation organiza­
tion in four nations -- Pakistan, India, Thailand, and Sri Lanka 
-- and
 
the impact of such organization on agricultural production.
 

The emergence of early civilization has been associated with the
 
development of settled irrigated agriculture (Fukuda, 1976, Chap. 2;

Mann, 1986, pp. 74-89; McNeill, 1963). In river valleys such as the
 
Tigris, Indus, Nile, Jordon, Ganges, and Yangtze, people organized to
 
deal collectively with controlling water for irrigated agriculture.
 

Writing emerged to sustain joint agreements among people who required
 
ways to record promises made regarding irrigation water, land, grain,

and animals (Mann, 1986, pp. 88-89). An article of irrigation practice

traceable to the Code of Hammurabi read: 
 "If anyone opens his irrigation

canals to let in water, but is careless and the water floods the field

of his neighbor, he shall 
measure out grain to the latter in proportion
 
to the yield of the neighboring field" (Framji and Mahajan, 1969, cxi).

In India, by 300 B.C., the written record tells us 
that the state had
 
established a standard practice of taking a 25 
percent share of the
 
produce of irrigated agriculture as a tax to support irrigation construc­
tion, operation, and maintenance beyond the capacity of local farmers
 
to manage (Framji and Mahajan, 1969, pp. cxi-cxii).
 

Irrigation systems have been built for many 
reasons -- to provide

insurance against drought, to suppress rebellious tendencies which tended
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to flare after bad harvests, to increase tFx revenues, to fulfill ritual
 
obligations of monarchs, to obtain goods for, foreign exchange, to settle
 
the landless, to secure loyalty of groups close at hand or 
on the fron­
tier, and to enhance voter prosperity. Within the last 200 years, another
 
motive has emerged -- a vision of steering societies toward economic and
 
social development by transforming low input/low output agriculture
 
into high input/high output agriculture. This involves
 

1. 	Producing agricultural surpluses so that farmers can sell,
 
rather than consume, most of their output.
 

2. 	Increasing livestock numbers to provide increased draft
 
power, hide, and meat protein.
 

3. 	Obtaining greater productivity per person per hour, li­
berating increasing numbers of people from the soil to move to
 
industry and to provide services.
 

4. 	Making food and fibre a smaller part of household budgets,
 
and so leaving resources available for obtaining the
 
products and services of a technologically more advanced 
society.
 

This vision rested on newer technologies and organizational arrangements
 
to harness and manage technology in agriculture -- especially irrigated
 
agriculture.
 

The earliest recorded dams were constructed a little over 5,000
 
years ago, and it has been estimated that by 1800 A.D., worldwide irriga­
tion was about 8 million hectares (19.8 million acres) (Framji and Maha-

Jan, 1969, p. cxiii). Irrigated agriculture rapidly expanded during

the nineteenth century, pushing global irrigated acreage to about 48
 
million hectares (118.6 million acres) by 1900. Expansion of irrigated

land during the twentieth century proceeded at an even greater pace.

By 1969, total global irrigated area was roughly 200 million hectares
 
(494.21 million acres) (Framji and Mahajan, 1969, p. cxii). From 1950 
to 1970, the gross irrigated area of the world doubled (Rangeley, 1987, 
p. 29). By the 1970s, the rate of increase had declined to about 5
 
million hectares per year, and due to constraints associated with cost,

decline 
in suitable acreage, and adverse terms of trade for agriculture,

the rate of growth in the mid-1980s fell off to approximately 4 million
 
hectares per year (Rangeley, 1987, p. 29). 

Irrigated agriculture has been disproportionately productive (Table

1). Only about 18 percent of the world's cultivated land is irrigated,
 
but it produces roughly 33 percent of the planet's human food supply

(Rangeley, 1987, p. 29). However, the fact that many landscapes of the
 
world are dominated by. dams, reservoirs, and canals cannot hide a dis­
quieting fact: many irrigation projects in many nations and cultures have 
not served the needs of farmers and agricultural production as planners 
have hoped.
 

The story of the typical irrigation project is one of failure to 
fulfill projected economic returns to investment. It is also a story of 
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farmers who fail to exploit their relatively expensive water supplies to 
the degree planned, and who frequently exhibit irrigation behavior viewed 
by main system managers as detrimental to the functioning of the systems.

Montague Yudelman (1987), reflecting on World Bank experience, ha5 sug­
gested that Bank irrigation projects seldom have met expectations.
Expressions of disappointment have been many (Bottrall, 1978; Bottrall,

1981a; Bottrall, 1981b, p. 122; Chakravarty and Das, 1982; Levine, Capener

and Gore, 1972; Lowdermilk, Early, and Freeman, 1978; Pant and Verna,
1983; Posz, RaJ, and Peterson, 1981; Reldinger, 1974; Shaima, 1980;
Steinberg, 1984; White, 1984). Everywhere, the picture of poor irrigation 
water management unfolds around low levels of water use efficiency marked 
by inequities in distribution, disappointing cropping intensities and 
yields, and irrigation bureaucracies which perform with insufficie.nt 
regard to the needs of farmers to control water to produce food and 
fibre. The four case studies which constitute Volilmes 2-5 of this report
series add to this literature by documenting specific problems on irriga­
tion projects in Pakistar, India, Thailand, and Sri Lanka. 

Table 1. Contribution of irrigated acreage to food production. 

Country 
% Cultivated Area 

L__ a_Iigiated 
% Contribution To 

Total Food Production-

India 30 55 
Pakistan 65 80 
China 50 70 
Indonesia 40 50 
Chile 35 55 
Peru 35 55 

Source: Rangeley, 1987, p. 30
 

Given a projected decline in rates of expansion in irrigated acreage,

and given the widely observed disappointment with the performance of
 
irrigation projects, attention has shifted to rehabilitating existing

works. 
Only about 28 percent of the desired increase in agricultural

output In the next few decades is expected to come from increasing the
 
quantity of cropped area (FAO, 1979). Qualitative irrigation improvement

must play a significant part in increasing the capacity of poor nations 
to feed their growing populations. A dollar or rupee invested in rehabi­
litating existing systems promises to provide a better return than in­
vesting in a new system. However, whether constructing a new system or

rehabilitating older works, irrigation development effor 's will be doomed 
if proper attention is not given to the social organization(s) necessary
 
to operate and maintain the works (Bromley, 1987).
 

Some have envisaged a "water revolution" brought about by rehabili­
tated irrigation systems and reforned administrative structures that would 
be analogous to the "green revolution" (Bottrall, 1981b, p. 24; Chambers,
1980a). 
 A "water revolution" promises to increase productivIty at favor­
able cost-benefit ratios. Many new 
crop varieties need controllable
 
irrigation water and would benefit from a "water revolution." Furthernor6, 
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a "water revolution" promises increased social Justice, since benefits 
could be delivered to least advantaged farmers. Water control i critical 
to farmers in determining what crops to grow and whether or not to adopt 
new technologies such as fert.lizers, pesticides, and high-yielding
 
varieties. Since least advantaged farmers must pay the highest prices

for insecure water in h;igh dermand periods, and because the poor and
 
powerless are least able to influence water distribution, an increase
 
in irrigation water control Is a potentially powerful tool in the policy

maker's kit for promoting agricultural development with social justice.
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II. ORGANIZING FOR WATER CONTROL 

A. RECONCILING MAIN SYSTEM SUPPLY WIl FARMER DEMAND 

Water control by farmers, defined as the capacity to apply the
 
proper quantity and quality of water at the optimum time to the crop
 
root zone to meet crop consumptive needs and soil leaching requirements,

is a fundamental yardstick used to measure the effectiveness of irrigation
 
systems. Water control is a function of the manner in which people

organize at several levels -- the main system and one or more tiers of 
middle-level organization between main system management and individual
 
water users (Figure i).
 

Water control for main system management mea.ris something different
 
than water control at the farm level. 
 This shift in meaning necessitates
 
the existence of effective middle-level irrigation organizations to
 
provide an interface for the different, even incompatible, requirements 
of main and farm systems. 

Water control is critical, not only to improving production in any

given season, but also to sustaining the production environment across
 
seasons. Greater water, control permits less water to be used per unit
 
of production, which translates into reduced energy consumption, soil
 
erosion, waterlogging, ano salin-ty (Mathur, 1984; J. Mohan Reddy, 1986).

Because high-yielding plant varieties demand adequate, timely water
 
applications, farmers with inadequate water control 
will refrain from
 
investing in such varieties and associated costly inputs of fertilizers

and pesticides. As control over water diminishes, it becomes necessary
 
to apply increasing quantities of water whenever available to attempt

to ensure the survival of at least a portion of the plant population.
 
Over-irrigation, even in the context of general water scarcity, can
 
lead to erosion, waterlogging, and salinity.
 

Irrigation water management in large-scale gravity flow systems is 
the process by which bureaucracies capture and control water in central 
irrigat.,_n works and pass it on to local command areas, which divide 
and cont.'ol it further. In turn, local unit command organizations (Figure

1) pass the water on to farmers, who must place it in crop root zones at
 
times and in amounts which make it most productive and least damaging
 
to the production environment. 

Years of careful experimentation have established that applying
 
the right amount of water to crops at the right time, as defined by

properties of the plant, soils, and climate, is critical 
to crop pro­
ductivity. Doorenbos and Kassam (1979) have plainly stated the problem

in its technical aspects: 
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"The upper limit of crop production is set by the
 
climatic conditions and the genetic potential of
 
the crop. The extent to which this limit can be
 
reached will always depend on how finely the engi­
neering aspects of water supply are in tune with
 
the biological needs for water in crop production.
 
Therefore, efficient use of water in crop production
 
can only be attained when the planning, design and
 
operation of the water supply and distribution system

is geared toward meeting in quantity and time...the
 
crop water needs required for optimum growth and 
high yields."
 

The extent to which the water supply can be tuned to crop biological

requirements is a function of the organizational operations conducted
 
at the several levels (Figure 1).
 

At the farm level, water control is fundamentally determined by

the operation of organizationdl networks established to operate upstream
physical structures. How effectively irrigation water reaches the root 
zone is a function of an organization's ability to rehabilitate, operate,
and maintain works, and to resolve conflict. Farmer control over water 
in the field is critical. Only the farmer combines the factors of produc­
tion in a particular field to succeed or fail to bring in a crop. If
 
water comes too soon, too late, in amounts too much or too little, the
 
productivity of that water is sharply reduced. 
 Because different plants
 
exert different consumptive demands in varying stages of growth and in
 
varying soil and climatic conditions, irrigation water can fulfill
 
consumptive demand only if it is subject to precise control that allows
 
farmers to be rapidly adaptive in managing it.
 

A rice cultivator in Southeast Asia working in irrigation system
an 

designed to deliver continuous, simultaneous water supplies to hundreds 
of farmers in a given command faces different water control problems
than does a farmer in northern India or in Pakistan who works within a
rotational delivery system to serve the consumptive requirements of 
wheat or cotton. Even within a given irrigation system, the consump­
tive demand of crops can be expected to be highly varied. A farmer
 
growing shallow-rooted vegetables on lighter soils faces different water
 
application requirements than a neighbor who grows deeply rooted crops

in heavier soils. Furthermore, a rain which delivers two inches of 
water to a particular site may deliver only a fraction of an 
inch to
 
another farm site only a few miles away, a factor which will alter water
 
demand.
 

Farmers in irrigation systems around the world are faced with the 
common task of hitting a moving target -- a varying moisture deficit in 
the crop root zone -- within irrigation systems which typically have been 
designed by remote engineers, managers, and politicians whose professional
responsibilities were to aim a quantity of water in the general 
direction
 
of a command area. In most large-scale systems, especially in Asia,

the upstream control systems have been designed without adequate regard
 
to the problems faced by farmers in securing local control (Bottrall,
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1981b; Bottrall, 1985; Bromley, 1982; Freeman and Lowdermilk, 1985; 
Kathpalia, 1981; Lowdermilk, 1986; Wade, 1979; Wade, 1980; Wade, 1982a; 
Wade, 1982b; Wade, 1987). 

The fundamental problem is that main system managers cannot control
 
the strategic variables that determine water demand and water produc­
tivity farm by farm and field by field, such as site specific variations
 
in soil moisture holding capacity, soil moisture availability, planting
 
times, crop variety, root zone depth, daily crop moisture depletion,

specific evapotranspiration rates, and margins to the permanent wilting
 
point. Such matters are known to main system managers as general ten­
dencies, not as field-by-field particularities.
 

On the other hand, individual farm operators cannot adequately

control variables that establish the pattern of main system water supply,
such as watershed yield and distribution, storage and canal capacity,
 
intra- and inter-state (provincial) allocation, river and canal hydrau­
lics, regional or district strategies for conjunctive use of surface water
 
and groundwater, and the management of large main system storage, canal,

and drainage structures. Therefore, main system supply and farmer demands
 
must be matched. In many gravity-flow surface irrigation systems, the
 
best way to make this match is to create an intermediate tier of organi­
zations which accept main system water deliveries within the constraints
 
which the main system must impose, control such water, and disaggregate
 
water flows to fit the unique demands of individual farmers.
 

B. RECONCILING THE KNOWLEDGE HELD BY MAIN SYSTEM MANAGERS AND FARMERS 

At least two general, but very different, formats exist for knowing
about the world -- a particularizing mode emphasizing the uniqueness of 
events, and a generalizing mode extracting larger similarities and ar­
riving at abstracted patterns of relationships. One can distinguish
 
between idiooraphic, or unique, knowledge of substantive content and Q
 
thetic, or generalizing, kinds of knowledge (Nagel, 1961). Distinguishing

between nomothetic and idiographic knowledge is helpful in viewing dif­
ferences between the central bureaucracy and farmers.
 

The knowledge of irrigation officials educated in the professions
 
depends heavily upon generalized principles abstracted from the rich
 
flow of natural and social processes (i.e., nomothetic knowledge).

Highly-processed, abstract, organizing principles have pride of place in 
science and in the training of irrigation engineers and managers who 
possess formalized knowledge of other disciplines. This general, cross­
culturally viable, scientific knowledge renders propositional knowledge 
out of particular facets of the whole system, but do3s not comprehend
the richness of the whole. It is limited to shedding light on particular,
abstracted slices of reality in the form of economic supply and demand 
curves, cost-benefit ratios, bars of tension, pounds of pressure per 
square inch, yield responses to fertilizer, thermodynamic behavior, 
channel hydraulics, sedimentation and scouring, capillary action, soil
 
intake dynamics, evapotranspiration processes, and administrative notions
 
of span and control. Sciences abstract general rules to construct logi­
cally connected sets of propositions about relationships among phenomena.
 
These abstracted propositions are employed in central planning units to
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design and operate those parts of the irrigation system under the manage­
ment of the central bureaucracy.
 

On the other hand, local people possess extensive idiographic know­
ledge, built through long experience and encoded in tradition and custom.
 
Their knowledge is of unique, site-specific circumstances and their
 
particular situation relative to those circumstances. Whereas the bureau­
cratic analyst must grasp general tendencies across broad systems, the
 
individual farmer is intensely interested in specific outcomes in his
 
or her particular situation. Whereas the central manager obtains know­
ledge to make decisions by employing methodological devices to control
 
extraneous variables that might confuse the analysis of central ten­
dencies in the system, the individual farmer responds to factors exclud­
ed by central management because they are important in local contexts.
 

Irrigation is practiced in a great variety of conditions (e.g.,

social, economic, topographic, soils, climatic, and crop). These vary

within a farm, and they vary widely among farms and among command areas
 
within an irrigation system. 
Given that each setting represents a unique

arrangement of the general izable properties known by central management,
a condition that seems to exist across the whole system does not neces­
sarily exist in any specific subset of that system. Farmers, who are
 
employers of rich idiographic knowledge, have much 
reason to distrust
 
the nomothetic understandings of main system managers.
 

The problem is that the generalizations of irrigation managers in
 
large, remote bureaucracies are not legitimate where farmers' indivi­
dual and unique settings are concerned. The lack of mutual understanding

is rooted in differences in types of knowledge and experience. There
 
need be no hypothesis of irrationality or ill will on the part of any

party to account for fundamental differences in orientation.
 

C. PUBLIC GOODS AND INDIVIDUAL RATIONALITY
 

Main system managers control water by providing a transport system

for water using rivers, canals, reservoirs, and diversion structures.
 
They have assumed that if water is moved in the direction of targeted

cultivable command areas, water control at the local level will automa­
tically evolve because it is needed. In the light of history, this

optimism is known to have been naive. In the light of pressing needs 
for increased production and social justice, this optimism has been
 
badly misplaced. 

Local organizations that provide an interface between main and farm
 
systems do not evolve because they are needed. It is necessary to under­
stand that individually rational 
people, who fully comprehend the need
 
to organize collectively to provide themselves with a water supply and
 
control over it, often will 
not do so. This is because individual ra­
tionality and collective rationality differ and are frequently mutually
 
opposed.
 

There has been much discussion of the logic of collective action
 
during the last two decades (Olson, 1965; Frolick and Oppenheimer, 1970:
 
Mueller, 1979; Blair and Pollack, 1983; Frohock, 1987). Some have applied
 

9
 



this reasoning directly to the problem of 
irrigation organization (Freeman

and Lowdermilk, 1981; Lusk and Riley, 1986). 
 The argument is straight­
forward. One begins by distinguishing between private and public goods

(Figure 2). 
 If benefits can be captured by the investor-owner and denied
 
to those members of the community who do not invest in it, a good is
 
categorized as "private." 
 Private goods are exemplified by possessions

such as clothing, automobiles, home appliances, and personal work tools
 
-- an individual 
invests in them and enjoys the benefits of ownership.
 

A good is "public" or "collective" if its benefits cannot be denied
 
to those who do not help to bear the costs ("free riders"). Many impor­
tant goods are public. Flood control projects indiscriminately benefit
 
all those subject to a rampaging river, whether or not they have paid

their share of the cost. A pollution control program generating cleaner
 
air and water cannot be denied to all those who breathe the air and use
 
the water, but who do not pay for the program.
 

Herein lies the problem in regard to collective goods: the logic

of the individually rational 
utility seeker may not coincide with the
 
logic of the community. If, for example, farmers individually observe
 
that their leaky and misaligned watercourse requires improvement, they

will not invest in corrective action on individually rational grounds.

Assuming a sizeable number of farmers, each will calculate as follows.
 
If one farmer invests time, energy, and money required to improve the

channel going through his or her own land and other farmers do not make
 
comparable corrective investments in a coordinated fashion, then the
 
payoff in improved water supply and control 
(the collective good) is
 
negl igible.
 

However, if many farmers undertake the improvement effort on each
 
of their sections, and one individually rational decision-maker does
 
not do so, she or he will still enjoy a substantial share of the benefit
 
provided by the work of others, at 
no personal cost. Therefore, the
 
rational, calculating individual will choose to do nothing either way.

The collective good will not automatically evolve, even though the indivi­
duals in question may possess full 
and accurate information about the
 
potential benefits of improving the channel 
and may have the required
 
know-how and resources to do so.
 

This situatir can only be changed by establishing an effective
 
organization thaL -an ensure that the contributions for providing a
 
given public good are predictably obtained from all beneficiaries through

the use of enforceable Joint agreements that define a "fair share" of
 
contribution. This obligation to bear costs must be tightly 
intercon­
nected with delivery of benefit. If individuals believe that the 
or­
ganization will deliver its benefits without regard to member investment,

then incentive to bear obligation is diminished. It becomes rational
 
to be a "free rider," and the organization's ability to provide the
 
collective good is compromised. Or, if the collective good is provided

by an outside altruist -- .e, a unit of government or a charitable
 
organization 
-- the collective good will be allowed to deteriorate as
 
everyone individually chooses to take a "free ride" to their short-run
 
advantage, but at the expense of allowing the public good to deteriorate
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Private Investor 0 Returns 
Goods 

Need: 

Organization
Collective/ Investor D Returns to insure "freePublic riders" pay a
Goods proportionate 

1\__ "fair" share 

Non-Investors 

(Free Riders) 

Figure 2. Private and public goods.
 

in the longer term. Organizations scaled to manage the required collec­
tive good, and designed to control 
"free riders" by carefully connecting

delivery of the good with fulfillment of membership obligation, can
 
defeat individually rational logic and can make local 
irrigation develop­
ment possible. 

D. LEVELS OF SOCIAL ORGANIZATION AND THE CHANGING MEANING OF WATER 
COUrrO 

The problem, then, can be summarized as follows. Local irrigation

organizations functioning between rrain and farm systems are of strategic
importance because 1) the interests of farmers (on the demand side)

must be reconciled with the interests of main system management (on the
 
supply side); 2) the general understandings of main system managers

must be reconciled with the site-specific knowledge of farmers; and 3)

local collective goods in the form of water delivery structures and water

control must be protected from the depredations of "free-riders." By
attending to these needs, appropriately designed local irrigation organi­
zations make irrigation water much more productive. They can disaggregate
large main system water volumes, control smaller streams, and deliverirrigation water to specific farm3 and fields when it is most needed to 
fulfill crop consumptive demand. Water at the right time in the right
place in the right amount is simply much more productive than water 
poorly control led. 
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It is now possible to generate a synthesis of the irrigation problem

by employing concepts of water control, the distinction between nomothetic
 
and idiographic knowledge, and an appreciation of water supply and control
 
as a public good. In large, gravity-flow irrigation systems, public

bureaucracies build and manage main system works (Figure 1). 
 Large

public goods, such as high dams, large reservoirs, and major canals,
 
cannot be provided by small, local organizations.
 

At the main system level, good water management means controlling

the flow of large volumes of water in large-scale capital works so that
 
water moves predictably toward aggregated demands of many farmers. 
 The
emphasis is on dealing with farmers in categories by focusing upon average
needs and conditions. Main system managers are not rewardbd or punished

according to the farm productivIty of the water they manage. Main system

operators, while adapting their system to general features of local
 
topography and to local histories of demand, depend heavily upon their
 
processed, disciplinary, nomothetic knowledge of engineering, public

administration, economics, and the like without having the time or the
 
particular need to know specific local 
details of individual farms.
 
Water cortrol at the main system level means managing water flows so as
 
not to exceed the physical limits of the system.
 

As water flows from rivers and reservoirs through primary, secondary,
tertiary, and quaternary canals, it maintains its nature as collectivea 

good. When it reaches the farm gate, it is quickly transformed Trito a

private good, which can easily be denied to "free riders." Prior to
 
its arrival 
at that point, however, it requires collective management.
 

Appropriately scaled, middle-level organizations (Figure 1) that
 
are fitted with tools permitting the measurement, division, and control
 
of water in reaches below those effectively administered by the main
 
system, that combine nomothetic principles with increasing amounts of

idiographic knowledge, and that are capable of effectively controlling

"free riders" and delivering water to the farmer in a predictable and 
controllable manner, have not typically been made a priority by main
 
system management in most Third world countries (Jain, Krishnamurthy,

and Tripathi, 1985; Owens and Shaw, 1972; Coward, 1986a; Coward, 1986b;

Coward, 1987; Esman and Uphoff, 1984; Whyte and Boynton, 1983). Such 
organization is found in traditional systems, especially communal systems,

where traditional irrigation behavior has not been seriously disrupted

(Hunt and Hunt, 1976; De Los Reyes, 1980; Korten, 1982; Martin and Yoder,

1983; Bray, 1986; Coward, 1980; Coward, 1986b). Also, such organization

is found in the rich nations of North America, Europe, and Northeast 
Asia (Rangeley, 1987, p. 33; Bray, 1986; Maass and Anderson, 1986).
The successful functioning in Japan of local farmer irrigation organiza­
tions and their transfer to Taiwan and Korea under the auspices of Japa­
nese colonialism has been well documented (Kelly, 1982a; Kelly, 1982b;
Bray, 1986). Furthermore, devolution of water management using local 
organizations has been demonstrated to 
be a key to efficiency and equity

in the Meiquan system in the People's Republic of China (Nickum, 1974;
Nickum, 1980) and the Dhabi Kalan in Haryana, India (Vander Velde, 1980). 

Stargardt (1983) has shown that the large-scale, ancient irrigation 

systems of south and southeast Asian arid zones in upper Burma, South 
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Inala, Sri Lanka, and Cambodia all gradually developed from pre-existing,
small, local irrigation systems. These small systems relied heavily on
local, quasi-autonomous organization, management, and investment. Local
control over resources was a central necessity, and responsibility for
operation, maintenance, and conflict resolution was devolved to local
 
units. When central authority systems disintegrated, locally organized
 
components of the systems survived independently.
 

Many centrally managed systems of the third world, constructed in
 
the rush of the nineteenth and twentieth century expansion and admini­
stered by nomothetically trained elites who largely stood outside the

traditional local their own haveorganization of societies, not suffi­
ciently preserved or promoted middle-level irrigation organizations (Co­
ward, 1980; Keller, 1987). Lack of decentralized, local organizations
has been acknowledged to adversely affect the effectiveness of irrigation
projects in South Asia generally (Vaidyanathan, 1983; Chambers, 1980b).
Given the lack of effective autonomous or quasi-autonomous middle-level,
local organization, mair. system managers have been forced to administer
 
water flows further and further downstream, where their concern with

keeping water flows smooth to accommodate main system agendas are inappro­
priate in the face of local farmer desires for rapid adaptation.
 

Good water management at the farm level (Figure 1) must focus on
 
controlling water such that relatively small 
volumes are productively

placed in particular crop root zones in specific and unique individual
 
settings. Water must 
 be moved at the proper time in the required amount 
so that the micro-environment of the plant is conducive to maximum produc­
tion. 
 Controlling water to provide proper micro-environments for crops

requires a great deal of skilled labor. Above all, farmers must rapidly
adapt to field-specific changes in demand. 
 They confront various crops

planted in different soils at different stages of growth under variable 
weather conditions, all the while bonded to expectations of dynamic

kinship networks and neighbors. 

At the farm level, delay of a water issue for three or four days
(under typical conditions of crcp, soil and climate) at a critical period
in plant growth can cause severe decrements in plant yields (e.g., thirty
percent or more). As farmers witness their plants moving toward the
 
permanent wilting point, they actively seek ways to obtain water, auth­
orized or not, from the main system. The quality of their farm life is
 
at Ftake. 
 Farmers are not persuaded to act on central tendencies in 
the irrigation system, but are attentive to the unique conditions of 
particular, fields and crops. Farmers cannot depend heavily upon processed

disciplinary knowledge, except as 
it is adjusted to their particular

situations. Unlike main system managers, farmers are directly rewarded
 
and punished according to the productivity of water.
 

In the absence of effective intermediary organizations that can 
reconcile main system management of water supply with farmer demands
 
for water, lower-level main system managers are generally faced with an
 
impossible dilemma: 
 1) to maintain as much distance as possible from
 
local patterns of privilege and "free riding," 
or 2) to become entangled

in countless energy-absorbing, local 
conflicts, complaints, and demands
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which their training, knowledge, and organizational resources are grossly
 
inadequate to meet. 

If main system managers are in an area long enough to become deeply
 
knowledgeable of local circumstances, they tend to become attached to
 
local power alliances that defend existing distributions of advantage.

Even if local power alliances could be altered by the intervention of main
 
system managers, a somewhat different patte:-n would arise to the advantage

of others, who would just as quickly undercut the benefits to the whole
 
group of the collectively provided water supply and control. The d'stri­
bution of misery would shift from group to group, but the total quantity
 
of misery would be little changed.
 

If main system personnel are transferred regularly to prevent the
 
emergence of local attachments, adequate local knowledge and linkage
 
must be sacrificed. Small groups of local irrigators will be no less
 
free to arrange whatever pattern of local advantage is available to them,
 
possibly at considerable cost to overall functioning of the system.
 

At sane point, the level of water disaggregation becomes too remote
 
from main system nomothetic knowledge of central tendencies, and too
 
close to local crop consumptive demands, to be effectively managed by
 
the main system. At this point, farmers and their site-specific knowledge
 
must come into play in an organized way. Fundamentally. two options
 
exist: 1) design an organization which guides farmer participation so
 
as to protect main system supply agendas and farmer requirements, or 2)
 
allow farmers to opportunistically form whatever alliances emerge with
 
lower echelons of the main system bureaucracy. Irrigation bureaucracies
 
vary widely in their approaches to managing the transition from state
 
bureaucracy to farm, but in every instance, some form of routine, or­
ganized interaction emerges to manage water, however well or poorly.
 
Farmers will participate, for better or for worse. The question is:
 
W 1ill the form of farmer participation be organized to enhance water
 
control across the system?
 

Effective organization at the middle level is essential to providing
 
a link between farm water demands and main system supply. Effective
 
organization requires Jointly negotiated agreements with main, system
 
operators and among irrigators. These negotiated agreements, written
 
or unwritten, formal or informal, for the use of physital water delivery

and control structures are the stuff of organization. The question is
 
not whether or not such negotiated joint agreements appear at the middle
 
level, but whether or not a given set of Joint agreements serve a defen­
sible conception of irrigated agricultural development and social equity.
 
Conscious organizational effort must be undertaken with both farmer and
 
main system support, or else emerging organizational agreements will
 
reflect individual "free riding" rationalities, not arrangements which
 
best serve the community of irrigators as a whole. Volume! 2-5 amply
 
document this point.
 

Chapters III and IV present a discussion of what Joint agreements
 
must be made to create middle-level organizations. Prior to that analy­
sis, however, the problem posed by formulating general principles of
 
organization for site-specific cultural settings is discussed.
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E. THE ISSUE OF CULTURAL SENSITIVITY
 

Is it overly presumptuous to suggest that a central problem in the
 
complex world of 
irrigation can be usefully and meaningfully stated
 
without placing it in specific local cultural contexts? A problem stated
 
in the manner presented in the foregoing section does require connection
 
to specific times, places, and cultures. For this reason, the field
 
research was conducted in four nations representing distinctive cultural
 
areas: 
 a site in the large, gravity-flow system of the Pakistan Punjab,

a small 
tank system in the central Indian state of Madhya Pradesh, two
 
relatively large adjacent tank systems in the Dry Zone of Sri Lanka,

and a small tank system in Northeast Thailand. Cultural differences
 
are pronounced among these four irrigation sites and systems, and sub­
stantially different irrigation problems are posed by their differences
 
in scale, climate, crops, and social structures. Yet, the research was

shaped by a view that beyond cultural diversity, topographical uniqueness,
climatic differences, and scale of water control 
efforts there is, at

bottom, a common problem in effectively linking farmers to state bureau­
cracies. Structural solutions exist that have the potential to be adapted

to distinctively different cultural 
contexts because there is a funda­
mental distinction between culture and social structure.
 

Herein, culture refers to the content of social meaning which people

create with their languages around their technolog.es and problem solving

activities. Nothing in this study denies the uniqueness of culturally

diverse systems. Cultural 
content does not travel well; it is inherently

unique and site-specific. Sinhalese Buddhi;t culture in Sri Lanka is
 
different from Islamic Punjabi culture in Pakistan, Hindu culture in
 
central India, or that of the Thai Essan or Thai Korat. 
One must recog­
nize, appreciate, and work appropriately within these respective systems

of cultural meaning. 
However, analysis of social life is informed not
 
only by careful investigation of cultures, but also by patterned or
 
structured forms of 
interaction that are not culture-specific. Such
 
"forms" can be identified, each of which possesses consequences for
 
human life and organization independent of the specific cultural 
content
 
which flows through them.
 

A practical example may illustrate the point. Restaurants in north­
east Thailand, Madhya Pradesh, the Pakistan Punjab, and the Sri Lankan
 
Dry Zone can clearly be viewed as culturally distinct. Many aspects as­
sociated with preparing amd serving food and the definitions of expected

eating behavior are culture-specific. Yet, the structural form, or frame­
work, of typical restaurants bear great similarities in all cultures.
 
The organized structure of restaurants provides for control 
over customer
 
seating, a menu is available from which customer demand can 
be integrated

with kitchen supplies, and menu choices are connected to specified cus­
tomer payment, which is made before departure. Structurally, all restau­
rants in all cultures keep del ivery of the meal closely tied to payment

of obligation. Any restaurant that did not do so would be quickly out
 
of business. Within this general structural form of restaurant organiza­
tion, many unique cultural contents can be accommodated.
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To offer a more abstract example: In relations between the very 
powerful and the weak (an asymmetrical "form" of power distribution), 
weaker parties can be expected to prefer withdrawal from the relation­
ship to active, close cooperation with the powerful. That is, the "lambs" 
tend to not prefer close cooperation with "lions" in any culture because 
the agendas of cooperation tend to reflect the interests of the powerful 
to the disadvantage of the weak. Weaker parties find defense ir keeping
distance between themselves and the powerful, in outward passivity, and 
in measures to reduce dependence on the stronger. Therefore, nomothetic 
statements may be made about power asymmetry and propensity for coopera­
tion across cultures. The following analysis of irrigation organization
 
that follows advances statements of social structural form which are
 
viewed as not being limited to any specific cultural site. However,
 
this analysis is not intended to imply a lack of respect for particular
 
cultural systems.
 

16
 



III. COMPONENTS OF ORGANIZATIONAL DESIGN FOR WATER CONTROL 
IN THE INTERFACE BETWEEN MAIN AND FARM SYSTEMS 

If one accepts that main and farm systems have different requirements

for water control and knowledge, and that effective middle-level organiza­
tions can link and reconcile otherwise incompatible irrigation agendas

to provide water supply and control 
to farmers, then it beccw:ies necessary

to d.gsign organizations to harness farmer participation and make it

productive in the operation of middle-level organizations functioning

between main and farm systems. Local irrigation organizations are as­
semblies of joint agreements between farmers and main system managers
which make it possible to produce, through provision and use of physical
structures, a collective good (water control) 
not available through

individual 
effort. If an intermediary irrigation organization can provide
sufficient water supply and control 
to its members while denying it to
 
"free riders," then members will pay the organizational costs of supplying

and controlling water (i.e., 
 the costs of allocation, maintenance, and
 
conflict management).
 

The following joint agreements compose a middle-level organization:

1) Joint agreements about the direction of staff authority, 2) Joint
 
agreements about patterns of staff recruitment, and 3) joint agreements

about mobilizing resources, distributing water by way of share systems,

and connecting maintenance to allocation. The essential choices defining

the nature of optional organizational Joint agreements are outlined in
 
Figure 3. 
Figure 3 also states the essential working hypotheses regarding

which agreement options, when combined, are thought more likely to earn
 
farmer endorsement of an organization.
 

A. STAFF AUTHORITY RELATIONSHIPS
 

A critical variable in middle-level organizations is that of esta­
blishing authority relationships (Hunt, n.d.). Shall the staff of the
 
local organization be fundamentally responsible to main system authorities
 
or to farmers? Responsibility to main system authority is indicated by

dependence of organizational 
staff upon the main system for renumeration,
 
and affiliation with managers. Responsibility to farmers is typically

indicated when farmers hire and dismiss organizational staff without
 
regard to civil service regulations, and when rewards for services are 
established by farmers.
 

It is hypothesized that as staff of a middle-level 
organization

look to faniers for direction and definition of success, they become
tuned to local idiographic requirements and acquire incentive to crea­
tively seek methods to fulfill local farmer water demand within main 
system constraints. As staff look to main system authority for definition 
of adequate job performance, they become local 
agents of the main system.

They do not have substantial incentive to seek the most workable fusions
 
of nomothetic and idiographic understandings to bring water control 
to
 
local reaches of a system. Therefore, an organizational design which
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Source of 	 Staff Responsible
Recruitment 	 0 to local authority
0 Local 0 to central main 
* Cosmopolitan 	 system authority 

Distributional Share System 

0 water delivery dependent on 
fulfillment of organizational 
obligation

* 	 water delivery not dependent 
on fulfullment' of organizational 
obligation

0 removes head/tail distinction 
* 	 accentuates head/tail 

distinction 

Maintenance Structure 

0 specialist staff paid in 
cash/kind 

0 general periodic labor 
mobilization 

Farmer Water Control 

0 high 
* low 

Farmer Propensity to Support 
Middle Level Organizations 

0 high 
S low 

0 favored option
* less favored option 

Figure 3. Strategic variables in analysis of middle-level organizations. 
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ensures that middle-level managers derive their authority from the com­
munity of irrigators, whose representatives can hire and fire these
 
managers, is thought to be superior to a design that places authority
for the organ !,,ation in the hands of the main system management.
 

B. STAFF RECRUtTMENT 

A middle-level irrigation organization may be staffed by "cosmopoli­
tans" or "locals." "Cosmopolitans" are defined as professionals who 
are recruited from outside the local command area, who are typically
selected based on educational qualifications which emphasize comprehension
of nomothetic knowledge in a given discipline, who usually exhibit con­
siderable social 
distance from local farmers, and whose career aspirations
 
are for upward mobility and departure from the local irrigation command.
 

01 the other hand, "locals" can be recruited on the local labor

market and hired based on their local 
experience, local social connec­
tions, exhibiting little or no social distance from the farmers served,

and having aspirations to spend a lifetime of work in the local 
command
 
area. The greater the proportion of "local" staff, the greater is the
 
propensity for staff to integrate idiographic understanding into main
 
system operational requirements for serving local water control needs. 

C. WATER DISTRIBUTIONAL SHARE SYSTEMS 

Water share systems greatly influence the appropriate design of
 
joint agreements for establishing membership, capturing water from the
 
main system, allocating water to farmer demand, and mobilizing resources
 
to pay the organizational costs of water management. Effective joint

agreements regarding water allocation and system maintenance center on
 
the concept of "water share."
 

A water share is a two-sided concept: 1) it confers legitimate
 
access to the water 
resource within certain pre-arranged rules, and 2)

it imposes on the user a specified obligation to share in paying the
 
water management costs. Therefore, the concept of share unites two

essential acpects of organizational operations -- resource allocation
 
and resource acquisition.
 

Productive and equitable water distribution is not a matter of
 
good intentions; it is primarily 
a function of the way organizational

rules and tools resolve the problem of defining and allocating water
 
shares. Even thouch models are now becoming available to probe aspects
of the problem (Molden, 1987), the subject is complex, and no comprehen­
sive analysts of the problem has been performed. For now, it is only
possible to briefly mention strategic considerations and issue a call 
for sustained, cross-cultural investigation of the problem. This discus-.
 
sion of water distribution systems has been heavily influenced by, but
 
is not identical to, that proposed by Anderson and Maass (1987). 
 Essen­
tially, middle-level organizations can specify water shares according

to some combination of the following distributional principles.
 

1. Distributional shares may be organized by fixed percentage
 
all otments: 
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a) 	by volume (e.g., a percentage of the total acre-feet 
or cubic meters estimated to be available). 

b) 	by time period rotation (e,,g., a percentage of a day
 
or week).
 

2. Distributional shares may be organized by a priority system:
 

a) priority by location (e.g., head to tail of a channel).

b) priority by farm characteristic (e.g., time of
 

settlement).
 
c) priority by crop (e.g., market or subsistence value).
 

3. 	Distributional shares may be organized by user demand:
 

a) demand placed upon storage in a surFace reservoir.
 
b) demand placed upon storage of groundwater.
 

Many combinations of distributional principles are possible depending
 
on local circumstance. Share systems may be combined by constraining
 
one type of share with another, For example, shares by volume may be
 
subjected to crop priorities. Distributional systems may employ two
 
share types simultaneously, as when shares by time rotation are supple­
mented by higher priced demand water. Share systems may shift within
 
seasons in response to change in the environment, as in cases where
 
shares by volume are shifted to shares by time of settlement or crop

priority during severe drought. The diversity cf irrigation allocation
 
arrangements observed around the world represent various combinations
 
of these basic distributional principles.
 

As one example, the wAjAarJ systems of the Pakistan and Indian 
Punjab (Reidinger, 1974; Kathpalia, 1981) are combinations of distribution
 
by percentage of weekly time period combined with priority by location.
 
Water is run from the channel head to tail and allocated to farmers for
 
a time period calculated to be proportionate to area as follows:
 

hours per farm area per farm 
168 hours/week total area in watercourse command 

Whatever water runs in the channel during that time period goes through
 
the channel outlet to the farm.
 

The case study presented in Volume 2 of this series reports the
 
official and actual operation of the warjabatd (rotational) share system
 
at the Niazbeg site in Pakistan. Given the lack of an appropriately

designed middle-level organization to administer tne system, water control
 
is low and crop potentials are far from fulfilled. Volume 3, the case
 
study of a small tank system in Madhya !radesh, India, reports that the
 
dg u design calls for a demand contract system on reservoir water.
 
However, with the lack of physical means to control water delivery and
 
the lack of effective organization to connect water del ivery with local
 
water assessments, farmers and main system management have experienced
 
much difficulty.
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At Lam Chamuak in northeast Thailand (Volume 4), the system has
 
fallen into disarray due to the lack of a viable share system. A viable
 
share system could unite main system management and farmers around en­
forceable joint agreements regarding water allocation and maintenance
 
responsibilities. A pz.o 
m water users association exists at Lam
 
Chamuak, but its design did not incorporate a viable share system.
 

In two tank systems located in the Sri Lankan Dry Zone (Volume 5),
the case study reported that no effective share system has been devised 
for managing distributaries controlled by the main system in the lower 
reaches of the commands. However, a traditional authority (no longer
having clear official 
status within the main system) administers a rota­
tional share system (a combination of time period and proportion of
 
channel flow) with varying success on channels ostensibly controlled by

the main system, but which in fact are controlled by farmers. Variation
 
in the effective administration of the distributional share system was
 
found to substantially affect water control, yields, and farmer willing­
ness to support the local organizational arrangements. 

Martin and Yoder (1983) have presented a case study of two Nepali
systems (Chherlung and Argali), which makes clear how farmers have suc­
cessfully created distinctly different organizations around purchased
 
water share arrangements --
 each of which closely tie water delivery to

farmer payment of assessments. In Argal i, farmers allocated channel
 
flow in proportion to the area irrigated. 
At Chherlung, water was shared
 
by fixed proportions of flow volumes which could be detached from any

given piece of land. 
 The latter was observed to provide an incentive
 
to increase water use efficiency since water saved could be transferred
 
to irrigators with deficient supplies who were willing to pay for it.
 

D. WATER DISTRIBUTION SYSTEMS AND WATER CONTROL 

Water control problems assume different forms depending on which

combination of share distributional principles are employed to manage

the resource from the main system to the middle-level organization and
from the r,.iddle-level organization to the farm gate. Different kinds
of organizational problems emerge in the middle level to confront farmers 
and managers, depending choices madeon in establishing water shares.
Three facets of the problem can be abstracted: 1) defining membership

in the irrigation organization, 2) connecting water supply and control
 
with member fulfillment of obligation to the organization, and 3) addres­
sing the effects of head and tail location in the system.
 

To be a member of an irrigation community, one must be defined as 
a member by some legitimate organizational principle associated with a
definition o water shares. does become a member of anOne not irrigation
community by living in an area proximate to canal flows. Each water 
distribution system specifies a means to be defined as a member. 
For
example, in a typical Indian or Pakistani wrAbajjdj system, one becomes 
a member of the irrigation community by virtue of owning or operating
cultivable land within the approved command area. However, if a local
irrigation organization operates on principle thatthe proportions of 
investment (purchase of shares) 
in the organization can be made without 
regard to acreage, then ownership of organizational shares define the 
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organizational membership (e.g., Chherlung in Nepal (Martin and Yoder,
 
1983), the Philippines (Coward, 1985), and some systems in Spain and
 
Colorado (Maass and Anderson, 1986)). Therefore, Joint agreements about
 
distributional shares become agreements about who is or 
is not a member
 
of the irrigation organization.
 

Creators of water distribution systems must confront another strate­
gic choice: how closely connected will water service be to fulfillment
 
of organizational obligations. Farmers cannot pay to "own" water; vir­
tually everywhere water ownership is retained by the state for public

purpose. Yet, absolutely everywhere water supply and control exacts
 
costs lower in a system, just as it does in the upstream reaches under
 
the Jurisdiction of main system management, however defined.
 

Controlling water on tertiary or quaternary channels, which are
 
closer to specific farmer demand schedules, may present problems substan­
tially different from managing water in a set of primary and secondary

canals. Even so, the costs of water control (for personnel, measurement
 
and 	division devices, channel maintenance, conflict management) must
 
still be paid. If a design calls for recruiting local people to be
 
responsible to the farmer irrigation cemmunity, then the local organiza­
tion must pay at least a significant fraction of their wages and salaries.
 
If the organization does not pay, its members will lose control 
over
 
the 	ability to hire and dismiss such personnel and to define the nature
 
of their job priorities. Therefore, middle-level organizations do not
 
raise resources in order to "own" water, but resuurces must be mobilized
 
to pay operation and maintenance costs for managing water under the
 
organization's Jurisdiction.
 

Two 	strategic questions arise:
 

1. 	Are organizational joint agreements about water share
 
distributional systems established such that water service
 
directly depends on a member paying his or her share of
 
the cost? Or, is water delivery divorced from fulfillment
 
of member's cost obligations?
 

2. 	Are farmer shares of management costs at least roughly

proportionate to water service received?
 

Patterns of water management observed at the four case study sites
 
(volumes 2-5) established that there was no close connection between
 
water delivery and farmer payment at these sites. In Pakistan (Volume

2), the Niazbeg farmers paid an assessment based on crop type and esti­
mated yield. They made such payments regardless of the water supply or
 
control received at the farm gate. That is,a farrer receiving relatively

good canal water service paid according to the same assessment schedule
 
as one who received relatively poor service. This system, which largely

divorces charges from water service, does not earn the enthusiasm of
 
irrigators who are more disadvantaged.
 

In the Indian (Volume 3), Thai (Volume 4), and Sri Lankan (Volume

5) cases, water service and fee collection were also divorced. In each
 
of these cases, those who failed to pay their assessments were not mean­
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ingfully penalized. "Free riding" on each other and on the main system
 
was the norm. In the Indian system, uncollected revenues have mounted
 
to considerable sums. Farmers are quick to see that it is rather foolish
 
to pay assessments, especially when water supply and control 
is decidedly

interior. To disconnect farmer payment of assessments fran water delivery

is to invite "free ridership" and organizational decay.
 

Farmers are intensely interested in having their water assessments
 
reflect the amount or proportion of water obtained. A share system

which connects vari;!tion in assessment to variation in supply and control
 
is likely to earn greater enthusiasm from farmers than one which does
 
not do so. 
 For example, on the Niazbeg (Pakistan) distributary, there
 
was a strong inverse relationship between water cost and control. 
 The
 
canal system operated under a fixed rotational system and the irrigation
 
revenue assessments were disconnected from actual 
water del iveries. As
 
a result, th farmers who received less water paid more per unit of
 
water delivered than those farmers located where water supplies were
 
greater (Volume 2). The cost of tubewell water in the command area was
 
found to be roughly 340 percent more than the cost of canal water. Yet,

it was worth more due to its high controllability and, therefore, its
 
greater productivity. Furthermore, there Is a direct relationship between
 
amount of payment and amount of water received. Assessments varied
 
according to differing tubewell discharges.
 

Does a share system reinforce cr resolve the problem of "head" and
 
"tail" location? Water must flow in channels from point A to point B.
 
By definition, farmers toward point B (nearer to the tail), 
all else being
 
equa., will be disadvantaged in the matter of receiving water allocations
 
relative to those ncreasingly near point A (the head). The more one
 
proceeds toward the tail of an irrigation channel, the more one is vul­
nerable to losses due to 
leaks, seepage, and evaporation; the self-in­
terested manipulations of irrigators intervenirn between farmer "X" and
 
the head; and non-routine breakdowns in the system. More can go wrong

when one depends on longer channels. Engineers must construct canals
 
with head and tail positions, lut it is up to designers of social 
organi­
zations to determine by their specificat on of social rules for the use
 
of physical structures whether or not head-tail distinctions are realized
 
by organizational share systems.
 

The Pf.kistan, Indian, Sri Lankan, and Thai rotational water delivery
systems accepted, reinforced, ana solidified the head-tail 
distinction.
 
When water allocations by time and location are combined in a rotational
 
scheme that is insensitive to water supply delivered and timing of de­
liveries, one reinforces what engineers and geography have already done
 
-- creating a fundamental difference in interest between irrigators at
 
the head and tail positions that will threaten the solidarity of any local
 
farmer organization.
 

Irrigators toward the head of such 
a distributional system do not
 
experience the same water supply and control 
problems faced by their
 
neighbors located toward the tail. 
 Farmers toward the head typically

find their relatively advantageous situations to be threatened by the
 
desires for reform on the part of tail 
farmers. Tail demands for more
 
water and more timely water appear to come at the expense of farmers at
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the 	head, who teoid to show less interest in solving problems for tall
 
farmers. 

Water supplies at tail positions are a problem only to the extent
 
that organizational 
design of the share system fails to overcome them.
 
If 	the middle-level 
organization employs a combination of distributional
 
principles which impose the costs of "water loss" on 
all 	members without
 
respect to location, then all members have equal incentive to pay costs 
of maintenan.e and operation of the systn, as a whole. If channel losses 
anywhere are distributed by the share system to all, irrigators at all 
locations have equal concern to reduce losses at any point.
 

For example, if an organization distributes water by volume, or by
 
volume comoined with some form of demand, and if volumes are measured
 
so that losses anywhere on the common channel reduce volumes to all
 
irrigators, and if assessments against shares are proportionate to volume
 
received, then all farmers absorb the water loss and all 
have incentive
 
to reduce losses. Views of "head" arid "tail" conditions as an inevitable
 
natural phenomenon must be set aside. Uncritical willingness to accept

"heads" and "tails" in irrigation commands, in respect to social rules
 
and physical structures, is a function of poor organizational analysis

of distributional share types, and is not a reflection of universal
 
physical necessity.
 

While this paper cannot analyze the complexities of selecting and
 
defining the physical tools and organizational rules for implementing

distributional shares, at least three critical questions must be raised
 
when designing organizations.
 

1. 	What are the implications of a given distributional system for
 
defining membership in the irrigation community?
 

2. 	Is water delivery connected to or disconnected from irrigator
 
fulfillment of assessment obligations in order to control
 
"free riders"? 

3. 	 Does the distributional system actualize the negative
potential for problematic water control inherent in 
reinforcing head-tail distinction among farmers, or does the
 
share type distribute the water loss to all members without 
respect to location? 

E. MAINTENANCE 

There are at least two strategic options for organizing routine 
maintenance. The first option is that routine maintenance can be per­
formed by staff hired full- or part-time and paid in cash or kind with 
resources mobilized by member water share obligations. This arrangement

develops specialized competence in irrigation maintenance. Or, tasks
 
can be performed periodically by mobilizing farmers or their surrogates,

who may be required to perform maintenance within a specified time or 
be subject to penalty. 
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It is hypothesized that if routine maintenance is performed by

specialized and paid staff who are employees of the local 
organization,
 
water control within the organizational domain will be enhanced for the
 
following reasons:
 

1. 	Such individuals acquire specialized skills, Job-related
 
contacts in the irrigation community and market places,
 
and knowledge not developed through annual or semi­
annuai general labor mobilizations.
 

2. 	Full-time paid staff can promptly respond to problems in
 
the command area, whereas periodic labor mobilization
 
tends to defer routine maintenance to slack seasons.
 
Farmers will quickly set aside their personal farming
 
agendas to mobilize when their system is seriously
 
threatened by emergencies, but the general pattern of
 
intermittent labor mobilization does not place a priority
 
on constant, caroful, detailed attention to commcn maintenance
 
problems emerging incrementally.
 

3. 	General labor mobilization provides much opportunity,
 
even incentive, for organizational "free riding."

Farmers who are "free riders" may find it in their
 
interest to schedule other activities during the time
 
that labor is to be mobilized for maintenance. In that
 
way, they secure the benefits of maintenance without
 
contributing a "fair" share of work, however "fair" is
 
defined. The organization is thon on the defensive. It
 
must proceed against "free riders" in ways which threaten
 
to erode support for the organization or at least impose
 
substantial costs on the organization. Costs will be high

because those with sufficient influence and power to attempt

"free riding" are those who are most difficult to keep har­
nessed to organizational norms.
 

It is thought that collecting operational and maintenance revenue accor­
ding to some legitimate conception of water shares, and using the payments

in cash or kind to support a continuously employed full- or part-time

maintenance staff, is much less disruptive to an organization and provides

higher quality and more timely maintenance.
 

F. 
 FARMER PROPENSITY TO SUPPORT LOCAL ORGANIZATIONS
 

The 	final variable on Figure 3 is that of farmer propensity to
 
support local, middle-level organizational arrangements between farm
 
and main systems. Support is taken to mean 1) a willingness to invest
 
personal resources to sustain the distributional arrangements for con­
trolling water, and 2) abiding by organizational rules.
 

It is posited that farmers are willing to make such investments
 
and to accept organizationally Imposed regulations as long as their
 
water control requirements are at least minimally fulfilled. 
 For 	this
 
to occur, the middle-level organization must provide an arena 
of security

and 	predictability within which farmers can count on 
1) organizational
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joint agreements about allocation, maintenance, and conflict resolution
 
being enforced; 2) assessment revenues being spent locally on water
 
supply and control problems which they experience; and 3) water being

delivered to fulfill their crop consumptive demands. Evidence was col­
lected on farmer propensity to support local organizations in Pakistan,

Thailand, and Sri Lanka (volumes 2, 4 and 5). Farmers in each case
 
evidenced strong desire for improved organizational arrangements and a
 
willingness to give their support by way of payment and loyalty -- if

organizations providing effective water supply and control 
could be
 
developed.
 

In summary, the more the middle-level organization is staffed by

"locals" who look to the authority of farmers, the more the organization

provides continuous maintenance performed by employees, and the more
 
the system of water shares denies water to "free riders" and distributes
 
the water loss to all 
members without regard to location, the greater

will be the water supply arid control afforded across the system, and the

better will be the opportunity for farmer involvement and investment.

Farmers will 
display a higher propensity to support such an organization.
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IV. ASSE14BLING THE COMPONENTS OF MIDDLE-LEVEL ORGANIZATIONS 

The components of an effective middle-level organization have been
 
specified. 
 However, the properties of an effective, functioning organiza­
tion are considerably more than a list of the parts. Furthermore, no
 
univers3l blueprint exists for assemblinq the components into a local
 
organization. Despite the lack of a blueprint, however, farmers are 
capable of building new or improved organizations that are adapted to 
site-specific circumstances if they are given support to do so. The
 
problem is less one of farmer capability and more one of recognizing

need and providing the required balance of constraint and autonomy, and
 
incentive and direction. 

Researchers on each of the case studies shared one common experience.

Key informants and sample farmers at the studied sites were not awed by

the thought of building new or improved farmer-managed organizations to
 
locally supply and control irrigation water. At each of the case study

sites, at least some farmers had been discussing this option for years.
 

In general, farmers do not have to be convinced of the wisdom of
 
getting organized to improve their water supplies and control. 
 Nor do
 
they generally resist the idea of hiring local people, who would be
 
subject to farmer water management priorities, with their own resources.
 
Nor do they resist the idea of having organizational leverage over viola­
tors of rules by making water delivery conditional on fulfilling organiza­
tional obligations. Farmers generally indicated an 
understanding that
 
water service must somehow be connected to gathering resources required 
for running water.
 

Farmers seek predictability and control 
over a vital resource, and
 
they are, given what they believe to be a credible arrangement, willing

to organize to get water control and keep it. 
 Yet, farmers are skeptical.

They expressed concern that locally influential people may subvert local
 
organizations to their private purposes and that authorities may not
 
give sustained support to organizations if such support conflicted with
 
the desires of well-connected individuals. 
They tend to be concerned
 
that local elites may be allowed latitude by main system management to
 
control local organizational personnel and other resources, and that

non-elite farmers might not be allowed the latitude necessary to organize
themselves in ways seen practical for themselves. Generally, irrigators 
see problems with investing their resources in a system where they possess 
no officially sanctioned roles or responsibilities. Why tax oneself 
for a collective effort on a system where one has no officially recognized
and legitimate function and where one can easily fall prey to the in­
terests of local elites and the whims of remote main system managers?
 

Therefore, it is necessary to briefly examine the conditions under
 
which chances improve for assembling the necessary components of local
farmer organization in a manner acceptable to farmers and main system 
managers. The discussion revolves around three topics: 1) basic design
premises, 2) fundamental conditions which must be fulfilled prior to 
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any farmer-organizing effort, and 3) general organizational structure 
and processes. 

A. FUNDAMENTAL DESIGN PREMISES 

Thoughts advanced here about the assembly of local organizations 
are rooted in three fundamental premises which must be brought forward
for acknowledgment and inspection regarding the importance of farmer 
participation, the legal 
context at the site, and devolvement of respon­
sibility to the local organizational unit.
 

1. The Importance of Fanner Participation
 

In implementing any organization-building process, experience gained

through the successes and failures of farmer participatory approaches

tested in several nations must be omployed and integrated with the sense
 
of organizational design advanced in this report. 
Much has been lear'ied
 
about promoting farmer participation in development projects in general

and in irrigation systems in particular (Bagadion and Korten, 1985;

Cernea, 1983; Cernea, 1985; de Silva, 1981; FAO, 1985; Illo and Chiorg-

Javier, 1983; Korten, 1982; Lowdermilk, 1986; Lynch, 1985; Montgomery,
1983; Moris, 1981; Sly, 1982; Uphoff, 1986).
 

This rich literature is not reviewed here, but it suffices to note
that a sense of organizational design remains inert unless farmers are 
activated to give shape and life to the design components. It is equally

the case that attempts to promote farmer participation without a clear
 
sense of organizational design unproductively pushes unorganized farmer
 
demands up to main system management, which cannot cope with such poorly

designed organization of farmer demands given its different supply agenda.
 

Meaningful farmer participation requires that an organizational
 
vehicle be designed to focus participation on performing specified respon­
sibilities in particular reaches of the system. 
Design without participa­
tion is a dead exercise. Participation without careful organizational

design is futile for farmers and threatening to main system managers.
 

2. The Legal Context at the Site
 

The issue of designing organizatiors must be viewed in the legal
context appropriate to the specific site. Much 
can be said about the
 
manner in which different legal traditions cast the problem of water
 
rights and responsibilities (Radosevich, 1986; Radosevich, 1987). 
 Given
 
the complexities of legal reasoning about water, one must advance gen­
eral izations with caution. One generalization can be advanced, however,
which enjoys broad validity: nation-states generally reserve ownership 
of water for the public domain.
 

Such public legal ownership of the water does not, however, pose

an obstacle to farmer organization because ownership of water is not a
 
requirement for effective local 
organization. The Issue centers on
 
defining responsibilities for managing publicly owned water and organizing

the means to pay the costs of management. Farmers may not be able to
 
own, buy, or sell water, but they can organize to manago water which 
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the public domain has placed in their trust and pay the local 
costs of
 
management. When farmers organize, they purchase water control rendered
 
out of good management; they do not purchase water pe 
 . It is possible
for farmers to "own" a segment of the facilities for water control and 
to collectively "buy" water control without "owning" water.
 

3. Devolving Responsibility to the Local Organizational Unit
 

The issue in linking a local water users organization to main system

management is less an 
Issue of centralization versus de-centralization
 
and more an issue regarding how to "devolve" responsibilities to the 
local organlzational unit within parameters acceptable to higher authority
and subject to specified oversight by main system management (Esman and
 
Uphoff, 1984, p. 31, 209ff; Montgomery, 1974).
 

There is little promise in organizational visions that assume the
 
local farmers' organization is simply an extension of main system bureau­
cratic management. 
Nor does promise lie in a vision of de-centralized 
farmers' organizations working to obtain water from the main system in 
whatever opportunistic ways are made available by local circumstance. 
Devolution of water management responsibility means that the local organi­
zation is empowered to act as an autonomous or quasi-autonomous unit, 
with its own authority to operate with its personnel, budget, and manage­
ment procedures (within standards and criteria established by the main
 
system).
 

If the local unit should significantly violate its mandate by allow­
ing physical structures and tools to deteriorate or by being taken over
 
by local forces unsupportive of its mission to equitably serve all 
the
 
farmers in the command area as stipulated by the charter, then the main
 
system management must exercise its one meaningful sanction. Main system
 
management can withdraw water supply in proportions appropriate to the
 
nature of the problem. 

B. CONDITIONS PRECEDENT 

Prior to initiating organizational design with authentic farmer
 
involvement, political authorities and administrative managers of the
 
main irrigation system must arrange to recognize and support farmer
 
water user organizations. 
Bagadion and Korten (1985) summarize the

need for main system administrative support in the context of promoting

farmer involvement. At the very least, the following conditions must 
be fulfilled before proceeding with organizational design.
 

Political and administrative authorities responsible for main system

irrigation must legally recognize local farmer irrigation organizations.

There must be clear agreement that, at a given point in the system,
specified farmer organizations will accept responsibility for managing
and controlling water (allocation, maintenance, and specified conflict 
management). Without such administratively recognized and legally en­
forceable recognition of the local organization, "free riders" will be
able to exploit unresolved definitions of responsibility and make it 
difficult for local organizations or main system management to exert 
control over farmers whose behavior threatens others who do meet their 
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organizational obligations. 
 If "free riding" becomes a successful stra­
tegy, incentive is quickly lost for all farmers to contribute to providing
 
the collective good (i.e., the rules and tools necessary to provide
 
water control). This leads to the following condition.
 

Main system authorities must be prepared to support local command
 
area organizations as they exert control on "free riders." Main system
 
authorities, after having endorsed a charter and by-laws specifying

operational procedures for local water users associations, must be willing
 
to uphold judgments made in accordance with those procedures. If "free
 
riders" learn that main system management is less than firm in its support

of local organizational procedures, local organizational leaders will
 
be much less able to control "free riders", who will find support and
 
shelter in any lack of resolve by main system management.
 

In addition to paying property, income, or other taxes imposed by

the state, farmers must be permitted to raise and retain their own revenue
 
through their organization's distributional share system. This revenue
 
must be locally managed and invested to address local water supply and
 
control problems as defined by the local organization. Annual or seasonal 
costs of running the local reach of the system must be totaled and as-­
sessed to water user members in a manner somehow proportionate to the 
water service received as defined by the organization's share system.
Revenues must be raised in cash or kind to cover costs of hiring local
 
staff, purchasing local materials, and possibly hiring local 
contractors
 
and temporary lator. It is essential that water delivery to each farmer
 
water user directly depend on paying organizational assessments.
 

C. ORGANIZATIONAL STRUCTURE AND PROCESS 

1. The Form of Local Irrigation Organization
 

The essential structural form of a local water users' association
 
is diagrammed in Figure 4. It is adaptable to a rich variety of diverse
 
cultural systems. 

Member shareholders elect representatives to a governing board or
 
council. This body is empowered by joint agreements with the main system

and local Irrigation community to direct the affairs of the local 
organi­
zation in accordance with the established charter and by-laws, to which 
the shareholders have publicly and legally pledged themselves,. 

The board or council representatives (chosen to represent different 
categories of water users (e.g., head, middle, tail reaches; caste or sub­
caste groups)) would meet periodically to establish policy and hire the
 
daily operating staff to implement policy. Generally, the board or
 
council members would be elected for two- or three-year (or seasonal)
 
terms in a staggered manner, That is, some fraction of the members 
would be elected each year or season so that no complete turnover in 
board or governing council membership could occur at any one time. 
Overlapping terms preserves continuity, while still allowing for change.
 

Depending upon the organizational design choices (Figure 3), the
 
board would oversee local conduct of water allocation, maintenance, and
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conflict management by a local manager and staff, a main system manager
and staff, or some combination of the two. Farmers can generally beexpected to prefer locally hired staff who are fully responsible to the 
local organization, especially if farmers are paying all or a considerable
fraction of the costs of staff employees. In any case, farmers serving 
on the board must have discretion in hiring and firing the local manager

and staff without having to take their personnel cases to the main system

for review and final decision.
 

Shareholders/Water Users

I 
Board or Council
 

(elected representatives of shareholders)


I
 
President 

IVicePresident] 

r Secretay I !Treasurer_ 

Reservoir Tender(s)] 
Manager ---­ 1 Ditch Rider(s) 

Maintenance 

Shareholders/Water Users 

Ficqure 4. General structure of local water organizations. 
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The 	local manager and staff work either full-
 or part-time to do the
 
following:
 

1. Allocate water according to the organized share distribution 
system.
 

2. 	Maintain the local irrigation facilities for which the
 
organization is responsible using resources collected from
 
the shareholding me-,bership according to the rules specified

by the share system (volume of water received, proportion of
 
ditch flow received, acreage or crops irrigated).
 

3. Manage conflicts among irrigators by administering policies
of the board. Appeals would be addressed by the board. If
 
conflict cannot be satisfactorily resolved at that level, the
 
case would have to go to the legal system provided by the state.
 

The 	daily needs of the local water users, as defined by the particular

water share distributional 
system, are thereby served. Water users
 
elect representatives to the board and complete the organizational cycie

of authority.
 

Local organizations, composed as they are of negotiated agreements

with which to conduct collective action, are the outcome of continuous
 
bargaining and maneuvering for advantage. Furthermore, compliance with
 
organizational expectations must always be secured within a nested set
 
of other relationships rooted in family and kinship organizations, credit
 
and other supply organizations, marketing organization, and religious

and political networks. Therefore, organizational structures must possess
some attributes which will permit them to adapt to shifting situations. 
The 	structure of the organizational rules, and the joint agreements for
 
guiding the use of ohysical tools and structures, must possess specific
attributes if the rules are to provide an effective framework for organi­
zational behavior (Figure 5).
 

Note t;iat nowhere in the cases reported in Volume 2 through Volume 
5 are the conditions specified in Figure 5 fulfilled. However, where
 
management capacity was higher in certain Sri 	Lankan distributaries, 
tiiere was evidence of greater approximation to the criteria presented

in Figure 5. Failure to define organizational rules so that they possess
in full measure the properties given in Figure 5 will undercut the via­
bility of an organizational structure without respect to the local 
cul­
tural content which fleshes out this form.
 

Analysts, farmers, and main system managers must continuously eval­
uate the following questions and design specific joint agreements in 
response to each question: Is "free riding" behavior emerging? What 
kind of behavior is it? What local organizational responses to "free 
riding" are possible? What local organizational responses to the "free
riding" are most efficacious given local resources and water control 
agendas? What main system responses are possible to "free riding"?
What main system responses will be most efficacious given main system
water control resources and agendas? What threats to water supply and
 
control (and therefore water productivity) are being encountered in the
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Premise: 	Ihe organization delivers a service--water control at the farm gate-­
which pays off for the farmer-member. Water service is tightly
connected to fulfillment of member obligation. 

Procedures of
 
Rules must: investigation must:
 

1. Be known by all 1. Be known by all2. Be clear, consistent 2. Be clear, consistent
3. 	Be perceived as unbiased Violators of 3. Be perceived as unbiasedtoward their subgroup rules must toward their subgroup 	 Organizational participants4. Be a source of reward for quickly be 4. Be a source of reward for will support local organization.adherence in experience identified. adherence in experience


of members 
 of members5. Be supported by norms of 5. Be supported by norms oflocal groups. local non-irrigation groups. 

Figure 5. Principles for analysis of organizational behavior. 



main system? In the local command area system? What adjustments are
 
required in main system operation to respond? What adjustments are
 
required in the command area internal to the local water users organiza­
tion (share types, authority and staffing patterns, and maintenance
 
policies)? Continuous attention to questions such as these, combined
 
with rapidly adaptive organizational responses and support from main
 
system management, is the essence of successful local management.
 

2. Linking Local Irrigation Organizations: An Analysis
 

Now that the essential features of the form of a local irrigation
 
organization have been addressed, two interrelated issues arise. How
 
many such organizations are required; and if more than one is to be
 
developed, how are multiple organizations to be linkei with each other
 
and with main system management? Just as there can be no universal
 
road map for all locales, there can be no recipe which adequately ad­
dresses the richness and complexity of conditions found in diverse irri­
gation projects. It must be acknowledged that designing optional linkage
 
arrangements among local organizations was not a focus of the research
 
reported in the following case studies. Yet, years of discussion with
 
thoughtful informants representing a diverse array of socio-cultural 
and technical irrigation backgrounds make it possible to tentatively 
advance some general thoughts to prompt discussion, reflection, and 
future research. There are at least three general options For esta­
blishing linkage (Figures 6, 7, and 8). 

The first option (Figure 6) is to design and employ one local irri­
gation organization to accept water management responsibility for the 
entire project area. The main system would deliver water to one or 
more transfer points, and this one organizational staff would disaggregate 
the flow(s) along one or more distributaries according to one distribu­
tional share system under the guidance of one board or council. One 
set of rules for operating and maintaining one set of tools would serve 
all users on all canals within the jurisdiction of this organization. 
If there is sufficient social and cultural homogeneity among the farmers, 
and if cropping systems, agro-climatic circumstances, and market condi­
tions are sufficiently similar such that one distributional share system 
can be expected to adequately satisfy consumptive demands, one organiza­
tion for managing multiple distributaries across considerable area may 
be a highly desirable option. It has the advantage of being able to 
aggregate water demands and local resources from a larger set of farmers. 
This makes it possible to mobilize more personnel, specialized talent, 
and capital, which makes it possible for the main system to turn over a
 
greater proportion of the system to such an organization, thereby con­
serving its own state-provided resources from the general treasury. In 
effect, the middle-level organizational interface between farmers and
 
main system management potentially can be moved further up the irrigation
 
system.
 

If other factors are equal (e.g., income, educational levels, soil
 
and water quality, and availability of inputs) smaller middle-level
 
irrigator organizations cannot be expected to mobilize the resources
 
necessary to sustain the specialized skills and more e;pensive physical
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structures available to larger organizations. A design for small organi­
zations (for example, deciding to organize relatively small numbers of 
farmers below each quaternary turnout) brings the middle-level organiza­
tional interface lower in the system. This implies greater investment 
and water management responsibility by central management, and greater 
commitment of main system resources as central treasury monies substitute 
for local revenue raised through farmer water assessments. Nevertheless, 
if one wishes to push the interface further upstream to conserve limited 
main system resources aind to reduce central management's responsibility 
for local water zllocation, maintenance, and conflict management, it is 
possible to link smaller organizational units together to assume increased 
water managem ent responsibilities farther upstream. There are two major 
options for stitching together smaller farmer organizational units and 
linking them to main system organization: unitary and federal. 

Figure 7 portrays the essential features of the unitary model (option
 
2), in which lower organizations are vertically integrated by at least 
three devices: budget flows, leadership recruitment from lower units,
 
and review of lower unit decision-making by each higher unit. Lower­
level organizations gather fees from farmers within their jurisdiction,
 
retain some specified proportion, and send the remainder to one or more
 
higher levels. Each higher-level organization functions with at least
 
some resources raised by units at the lower level, plus whatever subsidies
 
are granted by main system management.
 

Linkages are established by overlapping leadership; i.e., leaders
 
at each higher unit are recruited from leadership boards or councils at
 
the next lower level. To be a member of the board or council at the
 
primary level (Figure 7) one must have simultaneously held membership
 
at the secondary and tertiary levels. 

Policy at each lower unit is subject to review and potential veto 
by each higher organizational unit. This model reflacts a traditional, 
pyramidal organizational structure -- policy decisions are supposed to 
flow down; money and information is to flow up. The working hypothesis
is that main system management on the whole will tend to prefer unitary 
linkage arrangements more than will Farmers. 

Money and information, at least officially, is to flow toward main
 
system managers, who make supply decisions based on whatever farmer demand 
considerations filter up through the multiple organizational levels. 
Several concerns arise regarding design of unitary organizational link­
ages. 

First, resources and decision-making tend to be divorced from need.
 
Problems of water allocation, maintenance, and conflict occur at specific
 
points at specific times in the canal network, not at remote upper levels
 
where organizational meetings must, by necessity, by scheduled periodi­
cally (monthly, quarterly, seasonally, or biannually). If a section of 
a tertiary canal should wash out o,. a particular day at a particular 
site, the affected farmer will need tc address the problem immediately.
 
They will tend to be le!. than supportive of organizational designs
 
that draw a large porti.n of their resources high in tho network, necessi­
tating that they petition for resources though a time-consuming hierarchy
 

38
 



until a level is reached where adequate resources are to be found, and
 
where they have sufficient political alliance so that resources will 
be
 
directed toward them rather than toward problems faced by other farmers
 
at other points in the system.
 

Second; the center tends to become overloaded, and decisions are
 
slowed. 
The 	range and variety of allocation, maintenance, and conflict
 
problems crowd agendas at the upper layers because that is where the
 
network is designed to place them. Leaders serving on 
the boards or
 
councils of the higher units must act as lobbyists for the interests of
 
their sub-unit(s). Because meetings must be intermittent, because each

representative must attempt to advance the interests of his or her parti­
cular constituencies, because leaders simultaneously serve on multiple

governing bodies, and because leaders must consume time to consult with
 
their leaders and followers across levels, decisioi-!naking delays typi­
cally occur which further crowd upper-level agendas.
 

[hird, power and formal authority tend to be concentrated with a
 
relatively few leaders and brokers. 
 Because membership of governing

boards and councils at each higher level 
is drawn from the membership

at each lower level, power and influence rapidly concentrates among a
 
few. By the time someone maneuvers to the top, he or she has made many

po1itical promises to narrower subgroups, possibly without adequate

consideration for the needs of the whole irrigation system. 
This person

must seek to fulfill such promises to sustain sufficient political sup.­
port. Power games supplant responsiveness to specific irrigation pro­
bl ems. 

Fourth, as one proceeds up the hierarchy, demands of various sub­
units will typically exceed the supply of resources. To respond to the
 
petition of sub-unit "X" will necessarily mean allocating fewer 
resources 
to the demands of sub-unit "Y." Generally, either one of two things 
can happen: 

1. Power alliances may be balanced and check each other into
 
gridlock. Therefore, the system becomes unresponsive to
 
demands from below.
 

2. 	Power torces are not in balance. One set of sub-units wins
 
disproportionately, and losers seek ways of withdrawing their
 
resources of money and information from the organizational
 
network as they attempt to circumvent agendas of central
 
authority.
 

Either way, the system becomes unresponsive to local farmer require­
ments for good water management. It is hypothesized that farmers will
 
tend to show less support for, and will tend to withdraw from, systems

designed and articulated on the unitary model.
 

There is, however, a third organizational option -- the federal
 
model (Figure 8) --
which represents a promising alternative to the
 
unitary model. Federally organized organizational units possess inde­
pendent control over their respective revenue-raising activities, expend

their own budgets in service of their own priorities, and memberships
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of governing bodies are kept distinct (i.e., a council or board member
 
at a lower level is not simultaneously a member of the higher unit's
 
governing body, and clear boundaries are drawn between jurisdictional
 
areas). Each lower unit contracts with the higher unit for picking up
 
water at a specified transfer point and then allocating it to lower
 
organizational units in accordance with a distributional share system

uniquely designed specifically for the management problems faced at
 
that level. Each share system raises revenue by charging an assessment
 
to lower units. Paymtent of the assessment is contingent upon delivery
 
of the specified shares of water, and the water shares are delivered
 
contingent on payment of the assessment. Each unit is controlled by
 
its own governing body, which is responsible for administering water
 
allocation, maintenanre, and conflict resolution within its jurisdiction.
 
Should anything go wrong, farmers know 1) who is responsible for taking

action within each jurisdictional domain (a specific board and staff),
 
2) exactly hoi much revenue was paid to that level for operations and
 
maintenance in a given season or year, and 3) that future payments of
 
assessment to that level are contingent upon corrective action being
 
taken within constraints imposed by available resources.
 

There are some clear advantages of such articulation of organiza­
tional linkages. First, resources and decision-making are kept closely
 
married to specific allocation, maintenance, and conflict management

needs. Each organizational level is clearly responsible for a specific 
segment of the river, canal, or reservoir network. A problem arising 
at a given point must be addressed by the particular organization having 
jurisdiction for that segment with the resources raised by that particular
 
organization's water share system without the necessity of inter-level
 
negotiations and approvals from higher authorities. At each level,
 
anticipated costs of water management in the particular segment of the
 
system are projected, the costs are then allocated to shares of water
 
delivered to member units below, and revenues thereby raised are spent
 
within that unit and network segment. Insofar as the distributional
 
share system has successfully removed the head-tail distinction by sharing
 
the water losses among all unit members, there will be an incentive to
 
spend the available resources to solve problems which will have the
 
maximum effect of ,educing water loss and increasing water measurement
 
and control. A loss to one member will be a loss to all, without respect 
to location in the system. 

Second, each organizational leadership and staff establishes its 
own agenda to respond to its own problems with its own resources. The 
agenda is not crowded by problems arising in other units above, below, 
or lateral to a given organizational unit. Failure to respond to problems
of members will threaten a reduction of assessment revenue to that level, 
which creates incentive for rapid response.
 

Third, power and influence will tend to be distributed among several 
units at each of the several levels, concentration of power in the 
hands of a few leaders and brokers who obtain position at the upper 
levels is much mitigated. Upper-level leaderships are constrained to 
operate only within their specified Jurisdictions and cannot interfere 
in daily operations of higher or lower organizational units. 
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Fourth, politics will not be eliminated, but they will be re-shaped 
in a federal linkage system. There will of necessity be struggle among

members of a given organizational unit over expenditure priorities and
 
operational plans. However, the federal linkage arrangements are thought
 
to offer a distinct advantage. Insofar as the distributional share
 
system of each organizational level forces a sharing of water loss upon

all members, organizational politics will be primarily focused within
 
each organizational level on which set of priority expenditures and
 
uses 
of staff time will most reduce problems of water loss and control 
at that particular level. Political life will necessarily continue, but
 
without an emphasis on mobilizing lower-level constituencies to extract
 
revenues from higher levels at the expense of neighboring organizations,

who would oppose expenditure of such funds on their neighbors rather
 
than upon themselves. A nasty edge to political life is thereby organiza­
tionally removed bncause factions representing different segments of
 
the system are not pitted against each other in a struggle for resources
 
from the higher central unit. 

In addition to the above considerations, note that water control
 
problems vary significantly from level to level 
and unit to unit within
 
levels. Each organizational unit must have specific social rules and
 
physical tools designed for its particular problems of water supply and 
control. As one moves up, down, and across irrigation systems, different 
configurations of staff recruitment and authority patterns may be appro­
priate, different configurations of water distributional rules and tools
 
are likely to be required, and different approaches to maintenance may

be most effective (Figure 3). The federal model is thought to offer a
 
greater degree of latitude for such site-specific adaptations. 

When designing linkages among irrigation organizations, it is recom­
mended that options one or three be employed in preference to option 
two. Again, the case studies presented in the following four volumes 
do not marshall data in support of this hypo-:hesis. Rather it has emerged
out of the years of work, field observation, and discussion occasioned 
by working with many thoughtful individuals -- farmers, managers, and 
scholars -- in the course of doing research on irrigation organization.
It represents a hypothesis in need of inspection and empirical testing. 

3. Linking Local Irrigation Organlzations: An Example
 

Since the discussion of organizational linkage has been abstract,
 
a. example may be helpful. Figure 9 presents the left portion of Figure

1, which represents a two-tier, middle-level organization functioning 
between main system management and individual farmers. 

The Upper Tier. It is taken as given thdt main system management
operates and maintains a sizable reservoir requiring specialized skills 
and capital beyond the capacity of local farmers to manage. Furthermore,
it is taken as given that the system will be organized cn federal prin­
ciples. Main system management turns wa*'er over to two autonomous organi­
zations. Functioning as the upper tier of the interface, each is designed

to deliver water along one of two main canals (left and right bank) to 
the several secondary distributaries.
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Figure 9. Example of a tank system (source: Keller et al., 1988). 

42
 



Each canal organization has drawn a charter specifying its purposes

and a set of by-laws containing essential operating procedures, within
 
which the governing board, staff, and membership must conduct organiza­
tional affairs. A written memorandum of agreement, written as 
a legally

enforceable contract, has been constructed and accepted by both the
 
main system authorities and the governing bodies of each of the main
 
canal organizations. The memorandum of agreement specifies the terms
 
under which each canal organization legitimately can call 
for water
 
from tte reservoir and specifies terms of water assessment to be exacted
 
by the main system from canal organizations.
 

Because reservoir levels are expected to vary from season to seascn, 
main system officials have chosen not to guarantee a specific volume of 
water during any given season, but they have agreed to pcrtion 'ut frac­
tions of the water available in the reservoir at a given time prior to 
the beginning of the irrigation season., Therefore, the reservoir is 
divided into a given number of water shares (1,000, 10,000, or some

other convenient and 

and other losses, there is 

workable number). The more water available in the 
reservoir, the more volume appropriated to each 
before the beginning of the irrigation season. 

share by the canal boa.d 

If, after adjusting for expected inflows, evaporation, seepage, 
200,000 acre-feet of deliverable water in 

the reservoir and it has been divided into 10,000 shares, then each
 
share will deliver 20 acre-feet at the reservoir outlet during the season.
 
Each of the two canal organizations is allocated its fraction of water
 
shares according to the stipulations of its agreement with the main
 
system. Such a contract might allocate shares by irrigable acreage, by
 
crop priorities, or purchase on an open market by the lower organizational

units which run water to farmers on the secondary and tertiary distri­
butaries.
 

Each canal organization has its governing board or council elected
 
directly by farmers, with each irrigator having one vote. Therefore, it
 
is conceivable that competent, interested, and trusted smaller farmers
 
can be elected to the main canal board. The governing body probably

could be expected to divide its membership by locatlonal or other socially

relevant criteria; e.g., so many representatives from specific locations,
 
ethnic communities, or social factions. There may or may not be at­
large representatives, but council members could serve staggered, three­
year terms so that no single election results in a wholesale turnover
 
of experience or breaks continuity.
 

Prior to each irrigation season, each main canal 
council estimates 
the costs of water management in the particular segment of the system
for which it has responsibility. First, the canal organization will 
determine the cost of the reservoir water a.sessment to be paid to the 
main system. Thi. is the cost of constructing, operating, and maintaining
the reservoir, less whatever subsidy the state wishes to provide. Then,

costs of managing water in the main canal will 
be projected for the
 
season 
(employing a manager, any staff assistants, equipment, and ma­
terials). When all 
projected costs of water management have been iden­
tified and summed, they are distributed to the shares of water owned by
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o'ganizational members; i.e.. the lower distributary organizations in
 
the second tier of the interface. Thereby, the water share unites the
 
cost of water managerent with water delivery. If a given lower-level
 
distributary organization does not pay its share of main canal cost, it
 
will be denied water by the canal organization. The principle is simple
 
and effective: no payment, no water. Prior to each irrigation season,
 
the governing board or, council calls a meeting of all members to inspect
 
and approve its proposed budget and plan of expenditures.
 

If left bank canal organization "X" possesses 7,200 of the 10,000
 
reservoir shares due to greater water demand in its command as compared
 
to right bank canal organization "Y", it would pay 7,200/10,000 of the
 
costs of water management of the reservoir minus any state subsidy, and
 
it would have a right to 7,200/10,000 of whatever deliverable water is
 
available. Canal organization "X" would then add the costs of its water 
management in its main canal segment and apportion the sum of these
 
costs to its own water shares, which are owned by the several distributary 
organizations. These distributary organizations are designed to pick up
 
water at main canal turnouts and to manage water in the distributaries
 
through watercourses to farm gates.
 

Canal organizations "X" and ,Y,may have varying water share dis­
tribution systems and operating procedures appropriate to their site­
specific circumstances. For example, left bank canal organization "X" 
might serve 15 distributary organizations and divide its water into 1,000 
units, whereas right bank canal organization "Y" might serve 9 distribu­
tary organizations and find it most useful to divide its water into 300 
shares. "X" may devise a rotational system of service for delivering 
its volumes to its member distributaries, whereas "Y" might deliver 
volumes on demand constrained by minimum volumetric orders so as to 
minimize ditch losses. 

If problems are found in water delivery and control, there is a
 
clear line of responsibility easily followed by farmers and main system
 
officials. The canal organization board and staff are responsible for
 
addressing water supply and control problems in their segment of the
 
network with the resources made available to them by the water share
 
assessment system, If too many resources were mobil ized, the next sea­
son's assessments to members can be reduced. If too few resources were
 
made available, the board must make a case to its members for greater
 
assessments to cover the costs of water management.
 

Farmers, who contribute resources to the canal organization through
 
their respective distributary organizations, know exactly how many re­
sources have been contributed in cash or kind and what can be reasonably
 
expected to be accomplished in the local enviro,ment by competent organi­
zational management. Incompetent management will result in dismissal
 
of local management staff, who are responsible, through the board, to the
 
community of farmers. Replacements will be locals who can be found on
 
the local labor market. 

The agendas of lMft and right bank canal organizations do not come
 
into conflict in any higher order organizations. Each addresses its
 
problems independently with whatever assistance it may secure from the
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main system and other state agencies. Farmers can, at each seasonal 
organizational meeting, evaluate the trade-offs between increased expendi­
tures to resolve specific problems in particular segments of the system 
as proposed by their representatives on the governing board, or accepting

losses of water supply and control occasioned by choosing not to invest
 
in remedies.
 

The Lower Tier. Proceeding to the lower tier of the interface, 
autonomous organizations are created for each distributary and associated 
network of watercourses which deliver water to farm gates. Each distri­
butary organization possesses a charter, a set of by-laws, a governing

body, and a locally hired manager and staff responsible to the farmer
 
board or council for administering the particular water share distribu­
tional and assessment system. Furthermore, an agreement has been made

with the canal organization under which water is delivered by the main
 
canal organization. Each 
 distributary organization pays its assessment 
to the canal organization in proportion to the number of main canal
 
shares owned.
 

Board members at the distributary level are not board members at 
the canal level. 
 They are elected for multiple seasonal terms on a
 
staggered basis by farmers on the distributary who vote their water
 
shares at each seasonal organizational meeting. Farmers vote on dis­
tributary and watercourse organizational issues according to their own­
ership of water shares: one who owns more shares obtains proportionately
 
more of the available water, possesses more votes, but also pays propor­
tionately more of the organizational management costs. There is no
 
incentive to capture ownership of shares in excess of those needed for
 
one's farm because each share must pay its fraction of the total organi­
zational water management cost. If a particular distributary, given

its number of farmer members, its main canal supply, and its crop water
 
demand, chooses to divide its water into 200 shares and distribute those
 
shares among 80 farmers, each share will del iver 1/200 of the water and
 
bear 1/200 of the total cost of running water in that particular network
 
of canals to the 80 farms. If shares can be transferred from those who

find they have an excess of supply to those with an insufficient supply,

and if each share delivers a roughly equal volume of water anywhere in
 
the system, then incentive is created to efficiently apply water, reduce
 
share ownership to a minimum, and transfer unused shares to users with
 
greater need, thereby reducing farm production costs.
 

The distributary organization measures its water at the distributary

headgate, at the head of each watercourse, and at the last farm gate of
 
each watercourse. 
Water losses are calculated between distributary and
 
watercourse head and tail 
points. The time of water rotation to each
 
watercourse and within each watercourse is then adjusted as a linear 
function of distance from the respective headgate and water measurement 
point. That is, in the absence of capacity to measure water to each 
individual watercourse field outlet, watercourse headgates toward the 
tail are apportioned greater time for their turns as a linear function
 
of their distance from the head. 

Within each watercourse the procedure is repeated. The greater
 
the losses over the run of the distributaries and watercourses, the
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greater the time required to deliver approximated volumes as one moves
 
farther from the head to tail positions. Water lost in servicing a
 
tail-end farmer is lost to head-end farmers; the loss has been shared,
 
with the result that all have an equal interest in improving the perfor­
mance of the delivery system. Heads and tails have been effectively
 
organized out of the system. As investment is made in delivery channels
 
to reduce water losses, head-tail measurements will reveal the reduction 
in losses and the length of turns can be appropriately reduced. When 
tail farmers can be served their shares in less time, the value of every­
body's water shares will be greater as each share delivers more supply. 
With increased productivity of water, resources may well become available 
to measure water volumetrically at many more points in the system, even­
tually making possible volumetric water supply on demand, given the 
necessary alterations in main canal operation. 

Prior to each irrigation season, the distributary board prepares a
 
budget and an operational plan for expenditures reflecting the costs of 
that organization's water management for its segment of the system,

including the cost of obtaining water from the main canal organization.

The board, after learning what the main canal system is expected to
 
deliver during the coming season, appropriates a given water volume per

distributary share, making certain that sufficient water is left to pay

distributary delivery losses. Let us say the distributary is located 
on the left bank canal, which divides its water supply into 1,000 shares,
 
and the distributary organization has collectively purchased 80 main
 
canal shares. It then owes the main canal organization 80/1,000 of the
 
main canal's seasonal water management costs, minus any main system sub­
sidy. Thereby, this distributary organization obtains 80/1,000 of the
 
seasonal water volume delivered to its distributary share system after
 
main canal delivery losses have been subtracted.
 

To the costs of water obtained from the main canal, the distributary 
board adds the costs of its water management within the distributary 
and watercourse network. It then parcels these costs out according to 
its own share system, and it also parcels its projected water volume out 
to its 200 shares. If the distributary organization divides its water 
into 200 shares, it will total the costs of owning 80 main canal shares, 
employing its staff, and purchasing its materials and will allocate the
 
total of these costs (and its water, less estimated delivery loss) equally
 
to each of its 200 shares. A farmer owning 12 of those shares will
 
then pay 12/200 of the distributary organization's water management
 
costs and obtain 12/200 of the water supply after water loss has been
 
absorbed by the organization. A farmer possessing 3 such shares will
 
pay 3/200 of those same costs and obtain 3/200 of the water.
 

If the main canal performs poorly, all distributary organizations
 
at all locations will be penalized. The greater the water volume required 
to deliver water past a particularly problematic point in the main canal 
to fulfill the share of a distributary organization near the tail, the
 
less water available to head distributaries. The loss is thereby shared
 
among all irrigators and incentive is created among all irrigators to 
improve the performance of the canal. Improved performance will mean 
more water volume per share for all. Likewise, if distributary canals 
and watercourses perform poorly, all farmers in that organization will 
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be negatively affected and will have a similar incentive to make improve­
ments so as to make their shares deliver more water.
 

The canal organization del ivers water on a rotational and volumetric 
basis measured at the distributary headgate. As each unit volume of 
water passes through the headgate, the water account of the distributary

organization on file with the main canal organization is reduced ac­
cordingly. When all of the water has been delivered that has been appro­
priated to main canal shares owned by the distributary organization, 
the water supply to that distributary is ended.
 

Each main canal water management problem is addressed by the main
 
canal organization with its own staff and financial 
resources. A dis­
tributary canal problem is likewise addressed by the distributary organi­
zation. There is 
no confusion or haggling among organizations over
 
distribution of costs and benefits. 
 If farmers on one distributary are
 
willing to assezs themselves more than their neighbors on another distri­
butary, there need be no discussion of such matters between the respective

organizations. Those who pay more reap whatever benefits are obtained
 
by their investment on their canal. Each organization accepts responsi­
bility for its segment of the system. 

Although this discussion has assi'ned a reservoir system, the essen­
tial principles of organizational design can be applied to a run-of­
the-river system, in which the river assumes the position of the main
canal in the example above. Furthermore, the principles can easily be 
adapted to a combination of river and reservoir systems. 
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V. CONCLUSION
 

The meaning of irrigation water control shifts dramatically as it
 
flows from the main system through middle-level organizations to the
 
farm. In the social division of labor within gravity-flow irrigation
 
systems, those who work with idiographic knowledge on farms are faced
 
with fundamentally different water control problems than those in central
 
bureaucracies who work to control greater volumes of water. 
Personnel
 
in central bureaucracies rely heavily on aomothetic principles and respond
 
to demands known primarily in the form of central tendencies.
 

One cannot assume a commonality of interest between main and farm
 
system operators. One must assume Just the opposite; namely, that farmer
 
requirements for flexibility in water delivery directly confound main 
system management's interest in keeping water flows smooth within narrowly

defined parameters. To note that interests differ is not to suggest
 
that mutual cooperation is not possible or desirable. 
However, irrigation

development programs designed to promote effective farmer participation

in irrigation system operations must be rooted in careful analysis of
 
the organizational link between main system and farm operations. 
Compara­
tive analysis of irrigation systems may be usefully informed by examining
the variables and relationships advanced for the analyzing middle-level 
organizations. 

Cultures may vary, but fundamental, cross-culturally viable forms
 
of organizational life can 
 be designed and advanced for consideration
 
which integrate local knowledge with main system knowledge, provide

security for local investment against potential depredations of "free
 
riders," and integrate main system water supplies with farmer water
 
demand. If the organization, through appropriately designed staffing
 
patterns, directions of authority, water share systems, and maintenance 
capabilities, can provide its members with effective water supply and 
control, it can secure farmer support. Farmers will support organizations 
which provide water control, if tie benefits are effectively denied to 
"free riders." 

When the design of middle-level organizational arrangements is

defective, central irrigation authorities tend to blame farmers for
 
problems. Irrigation bureaucracies gravitate toward strong paternalistic

behavior. 
This is Justified by finding farmers to be uncooperative and
 
in need of stronger regulation. The consequence has been enormous cen­
tralization of bureaucratic power to manage irrigation development and
 
to bypass local farmer experience. As authority centralizes, communi­
cation gaps widen, local action is stifled, dependency of farmers in­
creasest opportunities for coercion and corruption expand (Wade, 1979;

Wade, 1980; Wade, 1982a), and more authority is swept up by the bureau­
cracy. In the absence of effective local organizations to provide a 
workable interface between main and farm systems, frustrated attempts

at corrective bureaucratic action (aided by international donor agencies

in terms of computerized and intensified central management, coordination,

monitoring, and evaluation) simply intensify the destructive spiral. 
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Such 
irrigation improvement must be made in conjunction with the design

and development of effective middle-level organizations.
 

Rehabilitating poorly performing irrigation systems is not simply
 
a matter of reconstrLrting physical facilities to meet original design

standards. It is a matter of examining defects in extant middle- level
 
organizations to determine why they could not deliver water in suffi­
ciently controllable ways so as to earn the irrigators' support and
 
inves1nent of 
resources. After such a determination has been made, re­
designed middle-level organizations may be constructed. Obtaining support

from farmers for such work is not an insurmountable task if construction
 
is combined with organizational development that realistically delivers 
effective water supply and control. 

If there is any prospect for an authentic water revolution, it will 
come as a result of increased water contrcl for farmers through the
 
building of improved middle-level organizations whose arrangements satis­
factorily link farms to state bureaucracies. What is required is a

policy-relevant, interdisciplinary meeting of social sicience with tech­
nical disciplines and local 
people in order to diagnose and overcome
 
constraints on farmer water supply and control 
by examining properties

of irrigation management at the main system, middle, and farm levels.
 
It is expected that the case studies in volumes 2, 3, 4, and 5 will
 
cogently make the case that analysis of deficiencies in middle-level
 
organizatios and careful 
design of improved local farmer organizations

between mafn and farm systems are activities that are strategic to the
 
developmenc of irrigated agriculture.
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APPENDIX A 

GLOSSARY OF ABBREVIATIONS AND TERMS 

CSU Colorado State University 

de facto actually observed 

de jure officially specified 

free rider one who receives a benefit without paying for it 

idiographic unique or local; site-specific; not generalizable 

nomothetic generalizable principles abstracted from particular 
settings 

pro forma made or carried out in perfunctionary manner or as 
a formality 

RID Royal Irrigation Department 

USAID United States Agency for International Development 

warabandi a rotational water distribution system used in Pak­
istarn and India 

WMSII Water Management Synthesis II Project 
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APPENDIX B 

LIST OF WATER MANAGEMENT SYNTHESIS II PROJECT REPORTS 

WMS 1 Irrigation Projects Document Review
 

Executive Summary 
Appendix A: 

Appendix B: 

Appendix C: 

Appendix D: 


WMS 2 Nepal/USAID: 


The Indian Subcontinent
 
East Asia
 
Near East and Africa
 
Central and South America
 

Irrigation Development Options and Investment
 
Strategies for the 1980s 

WMS 3 Bangladesh/USAID: Irrigation Development Options and Invest­
ment Strategies for the 1980s 

WMS 4 Pakistan/USAID: Irrigation Development Options and Invest­
ment Strategies for the 1980s 

WMS 5 Thailand/USAIU: Irrigation Development Options and Invest­
ment Strategies for the 1980s 

WMS 6 India/uSAID: Irrigation Development Options and Investment 
Strategi s for the 1980s 

WMS 7 General aan Overview 

WMS 8 Command Area 
Management 

Development Authorities for Improved Water 

WMS 9 Senegal/USAID: Project Review for Bakel 
Perimeters Project No. 685-0208. 

Small Irrigated 

WMS 10 Sri Lanka/USAID: Evaluation Review of the Water Management 
Project No. 383-0057. 

WMS 11 Sri Lanka/USAID: Irrigation Development Options and Invest­
ment Strategies for the 1980s 

WMS 12 Ecuador/USAID: Irrigation Sector Review 

WMS 13 Maintenance Plan for the Lam Nam Oon Irrigation System in 
Northeast Thailand 

WMS 14 Peru/USAID: Irrigation Development Options and Investment 
Strategies for the 1980s 

60 



WMS 15 	 Diagnostic Analysis of Five Deep Tubewell Irrigation Systems

in Joydebpur, Bangladesh 

WMS 16 System H of the Mahaweli Development Project, Sri Lanka:
 
1982 Diagnustic Analysis 

WMS 17 	 Diagnostic Analysis of Farm Irrigation Systems on the 
Gambhiri Irrigation Project, Rajasthan, India: Volumes I-V 

WMS 18 	 Diagnostic Analysis of Farm Irrigation in the Mahi-Kadana
 
Irrigation Project, Gujarat, India 

WMZ 19 	 The Rajangana Irrigation Scheme, Sri Lanka: 1982 Diagnostic 
Analysis 

WMS 20 	 System H of the Mahaweli Development Project, Sri Lanka:
 
1983 Diagnostic Analysis
 

WMS 21 	 Haiti/USAID: Evaluation of the Irrigation Component of the
 
Integrated Agricultural Development Project No. 521-0078.
 

WMS 22 	 Synthesis of Lessons Learned for Rapid Appraisal 
of Irriga­
tiun Strategies 

WMS 23 	 Tanzania/USAID: Rapid Mini Appraisal of Irrigation Develop­
ment Options and Investment Strategies 

WMS 24 	 Tanzania/USAID: Assessment of Rift Valley Pilot Rice Project
 
and Recommendations for Follow-On Activities
 

WMS 25 	 Interdisciplinary Diagnostic Analysis of and Workplan for the 
Dahod Tank Irrigation Project, Madhya Pradesh, India 

WMS 26 	 Prospects for Small-Scale Irrigation Development in the Sahel 

WMS 27 	 Improving Policies and Programs for the Development of Small-
Scale Irrigation Systems 

WMS 28 	 Selected Alternatives for Irrigated Agricultural Development
 
in Azua Valley, Dominican Republic
 

WMS 29 	 Evaluation of Project No. 519-0184, USAID/El Salvador, Office 
of Small-Scale Irrigation -- Small Farm Irrigation Systems 
Project 

WMS 30 	 Review of Irrigation Facilities, Operation and Maintenance 
for Jordan Valley Authority 

WMS 31 	 Training Consultancy Report: Irrigation Management and
 
Training Program
 

WMS 32 	 Small-Scale Development: Indonesia/USAID
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WMS 33 Irrigation Systems Management Project Design Report:
 
Sri Lanka
 

WMS 34 Community Participation and Local Organization for Small-

Scale Irrigation
 

WMS 35 Irrigation Sector Strategy Review: USAID/India; with
 
Appendices, Volumes I and II (3 volumes)
 

WMS 36 Irrigation Sector Assessment: USAID/Haiti
 

WMS 37 African Irrigation Overview: Summary; Main Report; An
 
Annotated Bibliography (3 volumes)
 

WMS 38 Diagnostic Analysis of Sirsia Irrigation System, Nepal
 

WMS 39 Small-Scale Irrigation: 
 Design Issues and Government-

Assisted Systems
 

WMS 40 Watering the Shamba: Current Public and Private Sector
 
Activities for Small-Scale Irrigation Development
 

WMS 41 Strategies for Irrigation Development: Chad/USAID
 

WMS 42 Strategies for Irrigation Development: Egypt/USAID
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WMS 47 Relay Adapter Card: User's Manual
 

WMS 48 Small-Scale and Smallholder Irrigation in Zimbabwe: 
Analysis
 
of Opportunities for Improvement
 

WMS 49 	 Design Guidance for Shebelli Water Managament Project (USAID
 
Project No. 649-0129) Somalia/USAID
 

WMS 50 	 Farmer Irrigation Participation Project in Lam Chamuak,
 
Thailand: Initiation Report
 

WMS 51 	 Pre-Feasibility Study of Irrigation Development in
 
Mauritania: Mauritania/USAID
 

WMS 52 	 Command Water Management -- Punjab Pre-Rehabilitation 
Diagnostic Analysis of the Niazbeg Subproject
 

WMS 53 Pre-Rehabilitation Diagnostic Study of Sehra Irrigation
 
System, Sind, Pakistan 
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WMS 54 	 Framework for the Management Plan: Niazbeg Subproject Area
 

WMS 55 	 Framework for the Management Plan: Sehra Subproject Area
 

WMS 56 Review of Jordan Valley Authority Irrigation Facilities
 

WMS 57 Diagnostic Analysis of Parakrama Samudra Scheme, Sri Lanka:
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WMS 62 Workshops for Developing Policy and Strategy for Nationwide
 

Irrigation and Management Training. USAID/India
 

WMS 63 Research on Irrigation in Africa
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WMS 65 	 Revised Management Plan for the Warsak Lift Canal, Command
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Pakistan
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Zimbabwe 

WMS 67 	 Variations in Irrigation Management Intensity: 
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