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FOREWORD

Our natural resources are in jeopardy. Conservation is not enough;
to forestall disaster, we must change the way we think about these
resources. It is imperative that we reconsider not only how they
should be used but also how their use should be governed.

When we think of how water, forests, fisheries, grazing land, and
other natural resources are best managed, the first idea that comes
to 1 st of us is “by the government.” Traditionally, government
bureaucracies on the national or state level have controlled how
these resources are used, setting the rules for who could have access
to how much, how often, and at what price. The government, so the
reasoning went, was in the best position to administer the resource
fairly, establishing regulations and enforcing compliance among the
users.

But is this true? Is direct oversight by a government bureaucracy
the best answer to natural resource management? Or can the resource
users—who, after all, have the greatest stake in the resource’s
management—be just as effective in governing themselves? Are
local, self-governing organizations, using collective action, more apt
to maintain the economic viability of the resource than a bureaucratic
institution?

This new study by Shui Yan Tang helps rcfocus our thoughts
on these critical questions. Forty-seven case studies of irrigation
systems around the world provide a wealth of information about
governing organizations that work and those that don't. Tang’s care-
ful analysis of the data helps us understand the wide diversity of
experiences with the relationship between institutions and collective

Xiii



Xiv Foreword

action in resource management. The results suggest that systems
that include elements of self-governance—in which rules are
established and compliance is enforced by users, rather than by
an outside bureaucracy--can work well.

As Tang points out, how well each system works depends on
the physical, social, and institutional factors operating in each
case. These factors interact to create the unique set of needs and
problems that must be handled by each governing institution. He
is clear in presenting both the potential and the limitations of
self-governance in irrigation systems, and he realistically discusses
how bureaucratic and local self-governing organizations can work
together in effective partnership.

Understanding self-governance and the institutions through
which it can be realized-—not just in natural resource management
but in every aspect of our lives—can make a vital difference in how
we live. It holds the key to the quality of our future. We believe
that the information in this book, and in others produced by the
Center for Self-Governance, will contribute to our application of
self-governing principles to an ever-widening range of endeavors.

Robert B. Hawkins, JIr., President
Institute for Contemporary Studies



PREFACE

This book is built on the theoretical and empirical work of many
individuals. Institutional analysis has been a major research interest
for scholars associated with the Workshop in Political Theory and
Policy Analysis at Indiana University, where I was a graduate
student for five years. Scholars in the workshop are concerned
with the effects of rule-ordered relationships on governance and
development in human societies. In this book, I apply a mode
of analysis developed by these and other scholars to examine
how institutional arrangements affect collective action in irrigation
systems.

The empirical part of this book is based on existing case
studies in the literature. The Common-Pool Resource (CPR)
Project in the Workshop in Political Theory and Policy Analysis
has been collecting case studies on irrigation systems and other
common-pool resources. Colleagues in the project have also
developed a series of in-depth coding forms and computer software
to code and analyze information contained in these case studies. [
drew heavily on these research tools and materials in the empirical
analysis for this book.

In the course of preparing this book, I have received generous
help and support from many individuals and organizations. My
deepest appreciation goes to Elinor Ostrom, who has been my
mentor and both the intellectual and organizational leader of the
CPR Project. Lin has offered me so many ideas and insights that
no number of citations in the book can adequately acknowledge
my intellectual debt to her.
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I benefited tremendously from the numerous hours of discussions
with other colleagues associated with the CPR Project: Arun
Agrawal, Libby Anderson, William Blomquist, Laura Celis, Jamal
Choudhry, Roy Gardner, Edella Schlager, James Walker, and
James Wunsch. They, Julie England, and Fenton Martin have also
contributed to the collection of case materials and the development
of other research instruments on which the research of this book
is built. Readers of various versions and parts of the manuscript
included Wesley Bjur, Gerald Caiden, Robert Hunt, Larry Kiser,
Elinor Ostrom, Vincent Ostrom, Roger Parks, James L. Perry,
R. K. Sampath, Edella Schlager, and Michael Wcolley. They have
provided helpful comments on the manuscript. Needless to say, I
am responsible for any remaining faults.

The research in this book was supported by grants from
the National Science Foundation (SES-8619498) and the U.S.
Agency for International Development (DHR-1066-GSS-6042).
Another grant from the U.S. Agency for International Development
(DHR-3446-Z-00-7033-00) supportcd my trip to Nepal in March
1989, where I benefited from discussions with scholars and officials
about irrigation systems and policies in Nepal. The School of
Public Admiuistration at the University of Southern California has
provided a pleasant working environment in which to finish the
manuscript.

Finally, I would like to thank Robert B. Hawkins, Jr., of
the Institute for Contemporary Studies, for encouraging me to
prepare the manuscript for publication. Editorial support from Patty
Dalecki, Janet Mowery, and Barbara Kendrick is also gratefully
acknowledged.
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CHAPTER ONE

Local, Self-Governing
Organizations and
Irrigation Development

What institutional arrangements can effectively help in the gover-
nance of such natural resources as inshore fisheries, grazing land,
and water systems? Is direct management by national governments
the most effective way of governing these resources? In what
circumstances can local, self-governing organizations effectively
ensure the long-term economic viability of these resources? What
factors affect the performance of these self-governing organiza-
tions: In what ways does governinent intervention affect the func-
tioning of these organizations? This book is an effort to provide
answers to some of these questions based on the cumulative work of
scholars who study the performance of diverse institutional arrange-
ments and on an empirical analysis of the governance arrangements
for one type of resource: irrigation systems.

Irrigated agriculture is the major means of subsistence for people
in many parts of the world. Improving the performance of irriga-
tion systems has become more important as the total irrigated areas
of the world nearly tripled between 1950 and 1986, amounting to
around 250 million hectares in 1986 (Postel 1990, 40). Many de-
veloping countries and international agencies have invested enor-
mous resources in the development of irrigation systems. As a
result of various institutional problems, however, many of these
systems have failed to meet operational targets or have deteriorated
rapidly soon after they were constructed. Improving the operation

i



2 Self-Governing Organizations and Irrigation

and maintenance of these irrigation systems is an important means
of increasing agricultural production in many developing countries
(Hayami and Ruttan 1985).

Operating and maintaining an irrigation system requires coordi-
nation among many farmers. Collective-action problems arise eas-
ily when each farmer has the incentive to use more water and invest
less in the system. These problems often result in poor maintenance
as well as conflicts and anarchy in water allocation. Their solution
requires institutional arrangements to provide a structure of rules
that enable participants to sustain credible commitments and long-
term productive relationships with one another.

In many indigenous, community irrigation systems, farmers have
developed a wide diversity of rules to specify rights and respon-
sibilities among themselves. Farmers enforce these rules by them-
selves without involving external authorities. These rules enable
farmers to cooperate in the operation and maintenance of their ir-
rigation systems. In Thulo Kulo, a farmer-owned irrigation system
in Nepal, for example, users are joint owners of all aspects of the
water delivery system (Martin and Yoder 1986). Different users
are entitled to various amounts of water depending on the number
of shares they own. Each shareholder is required to contribute a
corresponding amount of labor to maintain the system.

Other farmers have developed multilayered organizations to gov-
ern their irrigation systems, such as the zanjera irrigation systems
in the Philippines (Siy 1982; Cr ward 1979). In each zanjerc, rules
are established to determine how to select officials and how to di-
vide construction and maintenance duties among members. Several
zanjeras sharing a water source may form a larger federaiion. The
Bacarra-Vintar Federation of Zanjeras, for example, is a federation
of nine zanjeras (Siy 1982). The heads of all the component zan-
Jjeras form the Board of Directors for the federation. While each
zanjera is responsible for its own internal affairs and has no mon-
etary obiigations to the federation, the federation has the authority
to assign responsibilities to individual zanjeras regarding the an-
nual maintenance of the dam that diverts water from a nearby river
to all zanjeras. The federation also acts as a corporation that has
secured water rights from the Philippine government.

In large-scale, government-run irrigation systems, farmers’ or-
ganizations can also piay an active role in providing operation
and maintenance at the watercourse level. For instance, farmers in
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large bureaucratic irrigation systems in India and Pakistan some-
times form their own organizations within their watercourses. In
one of these organizations, described in depth by Wade (1988a),
farmers select their own officials and enforce their own water al-
location rules without the explicit endorsement of government of-
ficials. The organization helps to resolve conflict among farmers
and to ensure that the flow of water to their watercourse is not
obstructed by any upstream communities.

A common feature shared by all these organizations is self-
governance. These organizations are not created by government.
Instead, farmers themselves develop rules that assign rights and re-
sponsibilities among themselves. They are responsible for enforcing
the rules they create and for resolving disputes among themselvcs.
Although these organizations may benefit from support offered by
external authorities, their existence and functioning do not entirely
depend on these authorities.

These examples provide invaluable information about the po-
tential and the limitations of self-governing organizations for solv-
ing collective-action problems in irrigation systems. Learning from
these examples requires a systematic strategy. It is necessary first to
identify the types of collective-action situations facing participants
in the resource; then to examine how various physical, social, and
institutional factors affect the relationships among the participants
in those situations; and finally to begin to understand those circum-
stances that allow farmers to solve their collective-action problems
through self-organization and those that would benefit from gov-
ernment intervention.

In this chapter, I first describe some typical collective-action
situations faced by irrigators. I then examine the role of local, self-
governing organizations in resolving collective-action problems in
irrigation. I conclude the chapter by outlining the plan of this book.

Collective-Action Problems
in Irrigation Systems

The physical attributes of a resource affect the relationships among
the users and potential users. Two independent attributes—the fea-
sibility of exclusion and subtractibility —are frequently used to
classify resources or goods (see V. Ostrom and E, Ostrom 1977;
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Gardner, Ostrom, and Walker 1990). Exclusion occurs when poten-
tial users can be denied goods unless they meet certain criteria. A
good is subtractive when one person’s use of it prevents its use by
others. If these two attributes are arrayed in a simple matrix, four
types of goods can be identified: common-pool resources, public
goods, private goods, and toll goods (see Table 1.1).

As common-pool resources, irrigation systems are characterized
by two features. First, it is costly (but not necessarily impossible)
to exclude potential beneficiaries from using an irrigation system
once it has been constructed. In most cases, the cost of exclusion
is due to the size of the water delivery facilities and the flow nature
of water. Second, the flow of water available at any one time in
an irrigation system is limited. The use of water by one individual
therefore subtracts from the amount available to others.

Public goods, such as national defense, are similar to common-
pool resources in that it is difficult to exclude potential benefi-
ciaries from enjoying them once they have been provided. They
differ, however, from common-pool resources in that once a pub-
lic good is available, one individual’s enjoyment of it does noi
subtract from the amount available to others. The most important
collective-action problem concerning public goods is the organiza-
tion of provision. Individuals have little incentive to contribute to
the provision of public goods because it is difficult to exclude po-
tential beneficiaries from enjoying them. Once the provision prob-

TasLe 1.1 Classification of Resources and Goods
Subtractive Nonsubtractive
consumption consuraption
Costly to Common-pool resources Public goods
exclude (e.g., irrigation systems) (c.g., national defense)
Not costly Private goods Toll goods
to exclude (e.g., bread) (e.g., cable TV)

SOURCE: Adapted from V. Ostrom and E. Ostrom, “Public Goods and Pub-
lic Choices,” in Alternatives for Delivering Public Services: Toward Improved
Performance, ed. E. S. Savas (Boulder, Colo.: Westview Press, 1977), 7-49.




Self-Governing Organizations and Irrigation S

lem is solved, however, the allocation of public goods is not a prob-
lem since they can be simultaneously enjoyed by many individuals
without significant depletion.

Like public goods, common-pool resources involve the provi-
sion problem because it is costly to exclude potential beneficiaries.
Common-pool resources have another important problem: It is nec-
essary to regulate the use of the limited amount of flow units avail-
able in order to ensure productive and equitable uses. In irrigation
systems, water allocation and provisions are two major sources of
collective-action problems.

Water allocation is a major source of conflict in irrigation. When
the amount of water is not sufficient to satisfy everyone's cultivation
needs simultaneously, farmers face the prospect of decreases in
crop yields or even losses of entire crops. It is not uncommon to
see this conflict develop into bloodshed or even murder (Maass
and Anderson 1986). Whenever the demand for water exceeds the
supply, some kind of allocation process needs to be specified by a
set of rules. The allocation of water may be based on the number
of water shares held, the amounts of farmland cultivated, or a wide
variety of other criteria. Regardless of the bases of allocation, the
need to adopt allocation rules means that some farmers will obtain
less water than they desire. As the supply of water decreases, the
temptation for individual farmers or groups of farmers to break the
rules increases.

The situation farmers face frequently resembles a “prisoner’s
dilemma” game (see Wade 1988b, 490). For all farmers, the alter-
natives are either to get more water or to refrain from getting more
water than they are entitled to use (Weissing and Ostrom 1991), If
the flow of water is equally accessible to all farmers, each farmer’s
preferred ordering of outcomes is as follows: (1) he does not refrain
while others refrain; (2) everybody, including himself, refrains;
(3) nobody refrains: (4) he refrains while others do not. If out-
come | occurs, the farmer is a “free rider”; if outcome 4 occurs,
he is a “sucker.” If every farmer tries to be a free rider and avoids
being a sucker, the collective outcome is 3, in which nobody re-
frains. This outcome is inferior to outcome 2, in which every-
body refrains. The outcome when no one refrains is an example of
what Garrett Hardin (1968) calls “the tragedy of the commons” or
what others call “the commons dilemma” (Gardner, Ostrom, and
Walker 1990).
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Farmers frequently have to invest substantial resources to con-
struct and maintain facilities such as dams, canals, and pumps that
are essential for diverting and transporting water. In some indige-
nous irrigation systems in Nepal and the Philippines, for example,
each farmer devotes about one month of hard physical work every
year to repairing and maintaining the water delivery system (Martin
and Yoder 1986; Siy 1982). Irrigators have to discipline themselves
and their animals to keep an irrigation system in good condition:
Pushing a valve o1 a gate too hard may break an important part
of the water control facility: letting heavy animals walk across a
canal may damage it. In some instances, individual irrigators may
get more water to their fields by making cuts at ditches. To restrain
themselves, they must forgo immediate benefits by refraining from
activities that harm irrigation facilities. All these efforts are invest-
ments by irrigators in the irrigation system.

As in water allocation, farmers face the “commons dilemma” in
their investments in irrigation facilities. Because it is often difficult
to exclude other irrigators from enjoying the benefits of an operat-
ing system, individuals have incentives to refrain from investing,
hoping to benefit from others’ contributions. If everyone acts like-
wise, there will be “underinvestment™ in constructing and main-
taining irrigation facilities. Again, as in water allocation, even if
all farmers have promised to contribute, some may still be tempted
to withhold their contributions, hoping others will do the job for
them. This is. of course, another manifestation of the “free-rider”
problem associated with the difficulty of excluding beneficiaries
from a collective good (Olson 1965).

The metaphors of the commons dilemma and free riding under-
score a potential irony in the human world: Rational human beings
may fail to cooperate to produce mutually beneficial outcomes. The
tragedy of the commons arises easily when many individuals are
:nvolved and when they have difficulty in communicating and en-
forcing agreements among themselves. In such situations, certain
individuals believe that their actions will nor have a major impact
on their own returns but will have a perceptible impact on oth-
ers’ actions. Even if these individuals were to follow a cooperative
strategy, it would make little difference to the strategies adopted by
other participants.

The tragedy of the commons is inevitable, however, only when
participants have no control over the structure of the situation they
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face (E. Ostrom 1988). When an identifiable group of individuals
is involved and all participants are aware of the effects of their
actions on the actions of oihers, individuals may be able to de-
velop institutional arrangements that change the structure of their
situation. Institutional arrangements that effectively monitor and
impose sanctions on rule breakers create incentives for individuals
to cooperate in water allocation and investment.

Many actual irrigation situations are more complex than the sim-
plified version just presented. In many irrigation systums, for ex-
ample, irrigators cultivating crops in the head portion of a canal
have a more secure supply of water than those in the tail portion
whether or not any allocation rule is in place. Headenders may
initially be less motivated to find institutional solutions to water
allocation problems than tailenders. In some situations. however,
the need for coordinaiion in investment may induce headenders to
cooperate with tailenders in devising rules that protect the inter-
ests of both parties. The contributions of tailenders in constructing
and maintaining water diversion works, such as dams and pumping
devices, could lessen considerably the burdens of headenders. In
order to solicit such contributions, headenders may have to make
concessions to tailenders regarding water allocation.

Thus the allocation of water and the decision to invest are two
major sources of collective-action problems in irrigation systems.
Some of these problems have incentive structures similar to those
involved in the prisoner’s dilemma. Nevertheless, when additional
factors such as differences in location are considered, the kinds of
problems facing many farmers are even more complex than those
of the symmetrical prisoner’s dilemma game presented in introduc-
tory textbooks. Whether presented as simple or complex problems,
water allocation and investment problems exist in all irrigation sys-
tems. These problems have to be solved by some form of institu-
tional arrangement, or substantial conflict and inefficient outcomes
will result.

The Role of Local, Self-Governing Organizations
in Irrigation Development

Bureaucratic governance is often proposed as an effective means
of solving collective-action problems in common-pool resources.
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The experiences of large bureaucratic irrigation systems in many
developing countries, however, show that bureaucratic governance
is not a panacea for the commons dilemma. In the words of Wade:

Many theorists of Prisoner’s Dilemma have concluded that the so-
cially desirable outcome of restrained access by all can be sustained
only by an external authority imposing penalties against rule viola-
tion. If so, the conclusion is a counsel of despair. In the reality of
most Third World countries, legal mechanisms and the authority of
gevernment are simply not powerful enough to make a sufficiently
plausible threat across myriad micro situations. (1988b, 490)

Although massive resources have been invested in constructing
large public irrigation systems in developing countries, many of
these systems have deteriorated rapidly as a result of faulty design
and construction, insufficient maintenance, and ineffective opera-
tion. The performance of many of thesc systems has fallen seriously
short of expectations: Area irrigated, yield increase, and efficiency
in water use are usually much less than initially projected (Repetto
1986, 3-4).

This dismal scene in many bureaicratic irrigation systems con-
trasts with the experiences of the community organizations men-
tioned earlier. In these organizations, farmers are able to construct,
maintain, and operate their own irrigation facilities effectively.
Although large-scale public irrigation systems and small-scale
community irrigation systems are technologically very different,
development agencies and governments in devcloping countries
have deveted more attention to the potential contributions of com-
munity organizations in irrigation development.

These governments and agencics have begun to emphasize the
organization of farmers at the watercourse level in large-scale bu-
reaucratic irrigation systems. Unfortunately, these governments and
agencies often fail to assess correctly the potential and limitations
of local, self-governing organizations. They often mandate the cre-
ation of “farmer organizations™ as central directives without con-
sidering farmers’ incentives and capabilities. Douglas Merrey has
documented such a problem in Pakistan:

New legislation was adopted in cach province, ostensibly enabling
the establishment of water users associations but in fact strengthen-
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ing the power of the stzte over the watercourse. Farmers are obliged
to carry out maintenance themselves or repay the costs if the gov-
ernment does it for them.... Government officials delegated to
project areas by the Provincial Government retain control of water
and other resources and continue to respond to directives from the
provincial capital rather than to the demands of local farmers. All
of these activitics are dirccted at trying to impose state wishes at the
local level, but they do not address the fundamental organizational
issues in Pakistan's irrigation management structure. (Merrey and
Wolf 1986, 23-24)

Merrey indicates that after these kinds of measures have been jm-
plemented, serious allocation and maintenance problems persist in
many watercourses.

Robert Hunt (1989) has also cautioned against using the crude
analogy of community irrigation systems to water users’ associa-
tions within bureaucratic irrigation systems. He argues that com-
munity irrigation systems are self-contained entities sustained by
a set of mutually supportive institutional arrangements, whereas
water users’ associations are units within a larger bureaucratic en-
vironment, the proper functioning of which requires careful com-
munication and coordination across different organizational levels.
The participation of farmers in bureaucratic irrigation systems will
succeed only if both the organizational problems of the bureau-
cratic machinery and the structure of incentives facing irrigators
are corrected. If the supply of water to a watercourse is highly
unpredictable and depends entirely on the arbitrary decisions of of-
ficials operating at the system level, it is hard to expect farmers
to organize among themselves to undertake operation and main-
tenance at the watercourse level. Based on experiences in south
Asia, Robert Chambers also argues that “main systein manage-
ment to ensure an adequate, convenient, predictable and timely
water supply to the outiet is a precondition for farmers’ willing-
ness” to undertake activities “such as construction and mainte-
nance of field channels and land-sharing for irrigation” (Chambers
1988, 90).

Farmers may be involved in decision making and organization
in a bureaucratic irrigation system in numerous ways. In some
cases, they may be responsible for making operational decisions
at the tertiary canal or watercourse level only. In other cases, they
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may participate in making operational and collective decisions at
both the watercourse and system level. Depending ~n the extent to
which farmers are involved in an irrigation system and the :nsti-
tutional arrangements that structure their participation, the system
may perform differently.

Although involving farmers in the operation and maintenance of
bureaucratic irrigation systems is a major policy concern in coun-
tries such as India, Pakistan, and Sri Lanka, government assis-
tance to community irrigation systems is an important policy area
in countries such as Nepal and the Philippines where many irriga-
tion systems are owned and managed by farmers. Some observers
argue that the performance of many community irrigation systems
could be improved by various kinds of external assistance, such
as the provision of financial or material resources, to strengthen
or extend existing diversion structures and water delivery channels
(Pradhun 1988).

In countries such as Nepal and the Philippines, specialized gov-
ernment programs and agencies have been established to assist
farmers in community irrigation systems. In Nepal, for example,
various public and development agencies such as the Department
of Irrigation, the Department of Agriculture, and the Agricultural
Development Bank have recently been involved in assisting com-
munity irrigation systems. These government interventions have
met with mixed results. In some cases, farmers benefited from the
assistance; in other cases, the assistance created additional conflict
and problems among farmers.

Potential pitfalls exist for government intervention in community
irrigation systems. A common pitfall is the failure to recognize
the conditions that make tocal, self-governing organizations viable.
In the “Proposal for Decentralization Program Support in Nepal,”
Elinor Ostrom writes:

Indigenous institutions rely upon shared understandings of rights and
duties to enforce compliance with their rules about who is autho-
rized, permitted, or required to take what action. If these arrange-
ments are not understood by public officials and public officials
begin to take charge, such as has occurred over the past 25 years
in the areas of forestry and irrigation, then the viability of the in-
digenous institution is challenged. (Decentralization: Finance and
Management Project 1988, 2-3)
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In funding various irrigation systems, government agencies often
have their own priorities, which may not match the actual condi-
tions of individual community irrigation systems. In many cases,
the level of funding is too low to solve problems encountered by
farmers in tnese systems. Sometimes, agency officials pay more at-
tention to initial construction and rehabilitation than to subsequent
maintenance. In other cases, the agency has its own budgetary
cycle; funding for rehabilitation and maintenance is frequently re-
leased at times such as planting periods, when farmers are least
able to use it effectively (sec Fowler 1986).

Given the importance of community irrigation systems in many
countries, it is important to examine how farmers in these systems
organize themselves and what factors motivate them to cooperate
in investment and water allocation. Only after policy makers have
acquired this kind of knowledge can they design appropriate rules
and processes of intervention.

The Plan of This Book

Although farmers can play a significant role in solving collective-
action problems in both community and bureaucratic irrigation sys-
tems, potential pitfalls exist if insufficient attention is paid to factors
that affect farmers’ incentives for cooperation. One way to under-
stand how different configurations of factors shape the structure of
incentives facing irrigators is to examine cases in natural settings.
In the past two decades, extensive case studies on both community
and bureaucratic irrigation systems in various parts of the world
have been written in such disciplines as anthropology, sociology,
agricultural economics, and political science. These cases provide
a wide diversity of experiences from which to analyze how insti-
tutional arrangements affect collective action in irrigation systems.

To learn from empirical studies of irrigation systems, one must
develop a theoretical framework to identify key variables that af-
fect collective action in these systems. One can then analyze the
relationships among these variables from the perspective afforded
by experiences in varied empirical settings. Knowledge of this
kind can help in the design of institutional arrangements to resolve
collective-action problems in specific situations.
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In this book, I apply a mode of institutional analysis that identi-
fies how different contextual variables structure various collective-
action situations in irrigation systems. I examine three sets of con-
textual variables and their effects on human interactions: (1) the
physical attributes of the resource, (2) the attributes of the com-
munity of participants, and (3) the set of institutional arrangements
used (Kiser and Ostrom 1982; Oakerson 1986; E. Ostrom 1986).
These contextual variables affect collective actioi by shaping the
structure of incentives that narticipants face.

Based on transaction cost economics, I argue that institutional
arrangements facilitate collective action by creating constraints
among participanis. If these constraints are effectively enforced,
they help to reduce the level of uncertainty faced by the partici-
pants when they attempt to develop credible commitments and
long-term cooperative arrangements with one another (North 1990;
Williamson 1985). These theoretical arguments are elaborated in
Chapter 2.

In Chapter 3, I discuss the research method used for this study.,
some problems of terminology related to irrigation, and the profiles
of the case studies used in the analysis. In Chapter 4, I examine the
patterns of collective outcomes in the case studies. I also analyze
how these outcomes are related to various physical and commu-
nity attributes. In Chapter 5, I examine some major institutional
arrangements found in the case studies. I then analyze the fac-
tors that lead to the emergence or adoption of these arrangements
and demonstrate how these arrangements affect the patterns of out-
comes under various circumstances. In particular, I compare the
performance of community and bureaucratic irrigation systems and
explain how institutional arrangements and other factors can ac-
count for their differences. In Chapter 6, the concluding chapter,
[ discuss several theoretical propositions derived from this study. [
then analyze the potential and limitations of local, self-governing
organizations in the governance of irrigation systems. Finally, I
examine how bureaucratic and local, self-governing organizations
can work together in a mutually productive manner.



CHAPTER TWG

An Institutional Analysis of
Irrigation Systems and
Transaction Costs

Institutional arrangements can facilitate or impede the problem-
solving capabilities of participants in irrigation systems. To learn
from empirical studies of the performance of various institutional
arrangements in irrigation systems, one must draw on and extend
a theoretical framework that identifies the key attributes shared by
collective-action situations in a wide diversity of irrigation systems.
These attributes should be treated as variables that take on differ-
ent values according to iheir specific circumstances. Relationships
among these variables can then be explored in reference to experi-
ences in varied settings. Knowledge gained in this way can assist
in the diagnosis of potential problems in specific situations and the
design of institutional arrangements to solve them.

Drawing on literature in political science, economics, anthro-
pology, game theory, and law, scholars have developed a general
framework of institutional analysis and development (IAD) that
identifies the key working parts of typical situations facing partici-
pants in various circumstances (Kiser and Ostrom 1982; Oakerson
1986; E. Ostrom 1986). The focal point of the IAD framework is
the action situation, in which individuals adopt actions or strategies.
Depending on such factors as the number of participants involved,
the choices available to participants, and the incentives faced by
participants, different outcomes may result from interactions among

13
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participants. Many collective-action problems in irrigation systems
resemble situations in which individuals trying to advance their
interests end up producing unintended and harmful consequences
for themselves as well as for others. One exumple discussed in the
introductory chapter was the situation in which every farmer tried
to be a “free rider” in the water allocation process and ended up
worse off than if everyone had cooperated.

As in the IAD framework, transaction cost economics adopts
transactions, which resemble action sitations, as the fundamental
unit of analysis (Williamson 1975; 1985).' Both transaction cost
economics and institutional analysis are concerned with identifying
appropriate institutional arrangements that can counteract perverse
incentives inherent in various transaction situations. Whereas trans-
action cost economics approaches the problem by examining the
characteristics of different transaction situations, the IAD frame-
work explicitly identifies a higher level of analysis by delineating
the contextual attributes that shape varicus action situations. At
the contextual level of analysis, one examines how rules, phys-
ical attributes, and attributes of comniunity shape various action
situations.

In this chapter, I first highlight the basic theoretical premises of
transaction cost economics. I then discuss how the IAD framework
helps to develop more specific arzuments about conditions that in-
duce irrigators to develop and sustain various types of institutional
arrangements that enable them to operate and maintain an irrigation
system.

Transaction Costs and Institutional Arrangements

There are situations in irrigation when it is in everyone’s interest
to do one thing but they frequently end up doing something else.
In such situations, each person pursuing his or her own short-term
interests ends up producing suboptimal outcomes. Empirically, one
finds that farmers in some irrigation systems are able to change the
structures of these situations to ameliorate the perverse incentives
they face while others are not. To account for this variance in out-
come, an analytical approach is needed to explain both the presence
and absence of cooperative behavior. To do this, one must posit a
consistent model of the individual that can be used to generate pre-
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dictions about likely behavior given the structure of incentives and
opportunities that individual faces.

An individual’s choice of action in any particular situation de-
pends on how he or she weighs the benefits and costs of various
alternatives and their likely outcomes. In an attempt to pursue bene-
fits, an individual is, however, constrained by a limited information-
processing ability. In other words, individual rationality is bounded.
In many economic models, for the sake of simplification, an indi-
vidual is assumed to be able to process all the information relevant
to a decision situation. The individual is assumed to be able to
undertake all necessary computations to reach a decision that could
maximize his or her expected utilities. This assumption has been
challenged by many. Herbert Simon, for example, argues that hu-
man behavior is “intendedly rational but only limitedly so” (1961,
xxiv). Because the information-processing capabilities of humans
are limited, individuals frequently make decisions without consid-
ering all the possible alternatives and their likely outcomes. Orga-
nizations, Simon argues, compensate for this human limitation by
assigning each individual a limited task environment and standard
operating procedures. Institutions that regulate ways of undertaking
activities can also be considered stores of acquired knowledge. In
the words of Richard Langlois:

Institutions have an information-support function. They are, in ef-
fect, interpersonal stores of coordinative knowledge; as such, they
serve to restrict at once the dimensions of the agent's problem-
situation and the extent of the cognitive demands placed upon the
agent. (1986, 237)

To develop mutually beneficial arrangements in irrigation, partici-
pants need rudimentary information about the physical and techno-
logical characteristics of the water flow and water delivery facilities
as well as information about the respective preferences of individual
participants. The information they possess at any given time and their
ability to gain more information affect their ability to develop appro-
priate institutional arrangements to tackle their problems in water al-
location and maintenance.

The long-term viability and performance of a set of institutional
arrangements also depend on its ability to process information nec-
essary for effective operation and maintenance. F. A. Hayek (1948)
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argues that a major economic problem of society 1s the continuous
need to use information about the circumstances of specific time
and place. In irrigation, cffective water allocation and maintenance
require knowledge about the topography, soil types, and crop pat-
terns of the particular area. It is importani to ensure that these kinds
of information are utilized in decisions regarding water allocation
and maintenance.

Opportunism, defined as ‘“self-interest seeking with guile,” is
another important individual attribute that affects collective action
in irrigation systems (Williamson 1985, 47). Opportunism, in con-
junction with bounded rationality, creates difficulties in both ne-
gotiating and enforcing cooperative agreements. Individuals may
hinder the process of negotiation by trying to hide their true pref-
erences from one another in order to securc a better deal. After
they have entered into some form of mutually agreed contract, dis-
putes may arise as to its proper interpretation when novel situations
appear or new individuals become involved. Such disputes are es-
pecially likely to occur because it is impossible to devise rules that
take into account all possible future contingencies. Furthermore,
individuals who have entered into a contract may still be inclined
to take advantage of their fellow contractors if circumstances allow
them to do so.

Transaction cost economics focuses on the disputes that may arise
when individuals, who are characterized by bounded rationality and
opportunism, enter into contractual relationships (Williamson 1975;
1985). Williamson argues that, contrary to the assumption of “le-
gal centralism,” which holds that the resolution of these disputes
requires adjudication by an external authority, most disputes can be
avoided by recognizing *‘potential conflict in advance and [devis-
ing] governance structures that forestall or attenuate it” (Williamson
1985, 29). These governance structures represent institutional ar-
rangements that participants voluntarily adopt in order to foster
credible commitments and to facilitate recurrent transactions among
themselves. The organizational imperative that emerges from a
consideration of bounded rationality and opportunism, according
to Williamson, is: “Oreanize transactions so as to economize on
bounded rationality whue simultaneously safeguarding them against
the hazards of opportunism” (1985, 32).

The literature of transaction cost economics studies contractual
problems mostly in relation to the exchange of private goods (that
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is, goods characterized by the ease of exclusion and the subtractibil-
ity of resource units) such as labor and machinery (see Joskow
1988: Putterman 1986). Williamson (1985) distinguishes three prin-
cipal dimensions of a transaction that are related to different or-
ganizational problems. First, some transactions are characterized
by asset specificity, which “refers to durable investments that are
undertaken in support of particular transactions, the opportunity
cost of which investments is much lower in best alternative uses
or by alternative users should the original transaction be prema-
turely terminated” (Williamson 1985, 55). Transactions that involve
durable and transaction-specific assets experience “lock-in” effects
that make unified ownership (vertical integration) ~ommonly prefer-
able to autonomous trading on the open market.

Second, some transactions are subject to uncertainty caused
by their environments and their participants’ opportunistic behav-
ior. This uncertainty, if accompanied by significant numbers of
transaction-specific assets, induces participants to devise institu-
tional arrangements capable of sequential adaptation. Third, some
transactions are undertaken more frequently than others. If a cer-
tain kind of transaction is needed only infrequently, it may not
be cost-effective to establish elaborate institutional arrangements
to handle it, even if transaction-specific assets are involved. On
the other hand, specialized institutional arrangements will be more
cost-effective if large, recurring transactions are involved.

Among the three dimensions Williamson suggests, asset speci-
ficity is the most important for transaction cost economics. He
writes:

Asset specificity is the big locomotive to which transaction cost eco-
nomics owes much of its predictive content. Absent this condition,
the world of contract is vastly simplified; enter asset specificity, and
nonstandard contracting practices quickly appear. (1985, 56)

In irrigation, highly transaction-specific assets are involved:
Once constructed, irrigation facilities sch as dams or canals can
hardly be relocated or redeployed for other uses. In some arid areas,
farmland is a highly transaction-specific asset whose value depends
on the effective functioning of an irrigation system. If an irrigation
system is used by many individuals, one individual’s opportunis-
tic behavior can affect others considerably. Because it is difficult to
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redeploy one’s investment in an irrigation system, specific institu-
tional arrangements are essential to ensure that no one can “‘free
ride” on others in investment and water allocation.

Uncertainty is another important factor affecting collective ac-
tion in irrigation systems. One cause of uncertainty may be lack of
trust among iirigators. If irrigators cannot trust one another, it is
difficult for them to develop and sustain cooperative artangements.
Uncertainty may also result from external factors that are beyond
the immediate control of the participants. In watercourses within
some large government irrigation systems, for example, the amount
of water available may vary unpredictably, subject to arbitrary de-
cisions made by government officials operating at the system level.
Uncertainty often creates obstacles for exchange and cooperation
among farmers. Institutional arrangements that reduce uncertainty
among participants facilitate collective action.

The frequency of transactions also affects the choice of institu-
tional arrangements. For example, irrigation systems that require
extensive cooperative efforts in maintenance may require elaborate
input rules to specify and coordinate contributions from individual
irrigators. Systems that require only occasional maintenance may
need no specific input rules.

To understand better how these three transactional dimensions
affect governance in irrigation systems, one must systematically
analyze the contextual attributes that shape various transactional
(action) situations. According to the IAD framework mentioned
carlier, three sets of contextual attributes structure the action situ-
ation facing participants in an irrigation system: (1) the physical
attributes of the irrigation system, (2) the attributes of the commu-
nity of participants, and (3) the set of institutional arrangements in
use by participants (see Kiser and Ostrom 1982). These three sets
of attributes combine to create different incentives and constraints
for participants in different systems. Because participants are char-
acterized by bounded rationality and opportunism, they react
according to the incentives and constraints inherent in the situa-
tions they face. The strategic interactions among participants in dif-
ferent action situations therefore produce different outcomes (see
Figure 2.1).

Outcomes for participants in irrigation systems include: (1) the
water supply in the system does or does not meet th: water require-
ments of the crops in the established fields served by the system,
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FIGURE 2.1 A Framework for Institutional Analysis
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(2) most participants do or do not follow rules in use in the sys-
tem, (3) the water diversion and delivery facilities are or are not
well maintained, and (4) some participants have or have not been
consistently disadvantaged in relation to the system.?

Some of these outcomes are influenced by the extent to which
participants cooperate in the operation and maintenance of a sys-
tem. The active cooperation of cultivators is essential for maintain-
ing water diversion and delivery facilities. Whether these facilities
are well maintained reflects the degree of cooperation ameng culti-
vators. Operational rules are important means of coordinating water
allocation and maintenance. The extent to which most cultivators
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are willing regularly to follow them reflects the viability of these
rules as coordinating devices.

In some situations, however, outcomes may be beyond the im-
mediate control of the participants. The volume of water flow in a
river at any particular moment, for example, is frequently a result
of uncontrollable physical and meteorological factors.

Different outcomes may be related to the different action situa-
tions faced by participants. The outcomes of one action situation
may form the context of another situation. The level of water sup-
ply in a system may be partly a result of the way participants
constructed the system in the first place. Once the system has been
constructed, the amount of water supplied by it, as will be discussed
in Chapter 4, becomes a physical attribute that affects irrigators’
incentives to cooperate in maintaining the system.

Individuals in different situations may evaluate these outcomes
differently. For example, irrigators in general are likely to regard
adequate water supplies and good maintenance as the most impor-
tant outcomes. Different communities, however, may form different
evaluations of the fourth outcome (some participants have or have
not heen consistently disadvantaged), depending on the concept of
fairness their members share. Government and international devel-
opment agencies frequently rate this outcome relatively high when
designing their irrigation projects. Evaluation of the second out-
come (most participants do or do not follow the rules in use) may
also aiffer among participants, depending on whether they regard
the rules in use as legitimate.

In the remaining part of this chapter, I first discuss how physical
and community attributes affect collective action and outcomes in
an irrigation system. I then examine how institutional arrangements
affect the structures of incentives faced by participants and how
participants relate to one another.

Physical and Community Attributes

As discussed in Chapter 1, most irrigation systems are characterized
by the difficulties of exclusion and the subtractibility of resource
units. These physical attributes create collective-action situations
among irrigators in most systems. Additional physical attributes,
including the size of the irrigation system, the pattern of water
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supply, and the availability of alternative water sources, also affect
interactions amcng irrigators. Community attributes such as irri-
gators’ sources of incomes and the presence or absence of social,
econoniic, cultural, and locational differences among irrigators also
affect thie irrigators’ incentives to cooperate.® Either by itself or in
combination with others, each of these attributes potentially affects
collective action and outcomes in an irrigation system. The con-
straints and opportunities thus created must be taken into account
in the design of institutional arrangements for an irrigation system.

Dependence on the System. The degree to which farmers depend
on an irrigation system may affect their incentives to cooperate in
fairly complex and counterintuitive ways. Farmers may depend on
an irrigation system in two different senses: (1) as a major source
of income (that is, their incomes derive mostly from cultivating
crops irrigated by the system); and (2) as a major source of water
for irrigation.

The extent of farmers’ dependence on an irrigation system as
a major source of income may have different effects on their in-
centives to participate in collective aciion. In most situations, the
more irrigators depend on an irrigation system, the more likely they
are to expend substantial private resources to operate and maintain
the system. Irrigators without other job obligations are also more
likely to be able to participate in collective activities in an irrigation
system.

In other situations, if most tarmers do not have other sources of
income, it may be difficult for them to develop new cooperative
ventures that require substantial capital investment or sacrifice be-
fore producing benefits. It may, for example, require a substantial
reduction in the rate of water withdrawal to replenish a deteriorating
water basin. If most farmers rely entirely on water from the basin
to irrigate their crops and have no alternative source of income, it
will be difficult for them to develop and enforce cooperative ef-
forts to cut back on the rate of water withdrawal. Depending on
the circumstances, farmers’ dependence on an irrigation system as
a major source of income may either facilitate or impede collective
action.

By the same token, the availability of alternative water sources
may increase or decrease farmers’ incentives to cooperate. In some
situations, the availability of an alternative source of water may
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reduce tension among irrigators when water flow in the system
is scarce, thus facilitating their long-term cooperation. In other
situations, irrigators with access to an alternative source of water
may be less willing to contribute to the operation and maintenance
of the system than those without, thus inhibiting their long-term
cooperation.

Water Scarcity and Uncertainty. Farmers’ vulnerability to
scarcity and uncertainty in water supply and its effects on their
incentives for collective action have drawn special attention in the
irrigation literature. Wickham and Valera (1979), in a study of
irrigation projects in the Philippines, obscrve that in order 10 in-
duce farmers to cooperate in managing their watercourses, an ef-
fective systemwide management program is a prerequisite. In other
words, farmers have less incentive to organize if they do not have
a predictable or sufficient flow of water into their watercourses in
the first place. This observation seems to contradict that of Wade
(1988a) who, drawing upon experiences in south India, argues that
the greater the scarcity and uncertainty of the water supply, the
greater the likelihood that a community of cultivators will develop
collective arrangements to govern their watercourse.

Although these two arguments appear to be directly contradic-
tory, they may be consistent when presented in a more general
context. Irrigators’ vulnerability to scarcity and uncertainty in wa-
ter supply may be related in a curvilinear manner to their incentives
to cooperate (see Uphoff, Wickramasinghe, and Wijayaratna 1990).
Farmers have to be sure of at least some minimal availability of
water before they are willing to invest in collective efforts in water
allocation and maintenance. If the water supply is abundant, how-
ever, investments in water allocation and maintenance would make
little sense as water will be available anyhow. But under conditions
of moderate scarcity, keeping regular water allocation and mainte-
nance schedules may strongly affect the amount of water available
to farmers’ fields. Thus little collective action by farmers can be
expected under conditions of either extreme abundance or scarcity.
Most collective activities occur in situations where water is barely
sufficient or moderately scarce and farmers believe that their col-
lective efforts can improve their chance of securing a more reliable
supply.*

An inadequate supply of water, however, could increase coordi-
nation costs among farmers. As the supply decreases, the tempta-
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tion for free riding in water acquisition increases; efforts in moni-
toring and sanctioning have to be increased to enforce discipline
in water allocation. In addition, more conflicts are likely to arise
among irrigators as they compete for a scarce source of water, In
some situations, farmers may be able to increase the water flow to
their fields by, for instance, damaging the canal embankment. This
again increases the difficulty of maintaining the irrigation system.
All these incidents could increase the costs of organizing collective
action in irrigation.

Thus, in situations between extreme abundance and extreme
scarcity, farmers expect both potential benefits and costs in their
participation in collective action. On the one hand, if they are
successful in collective action, they may be able to receive a
more adequate and reliable supply of water; there is a “demand”
for collective action. On the other hand, the potential costs cre-
ated by water scarcity make their cooperation with one another
more difficult, thus inhibiting the “supply™ of collective action.
One may expect that in the real world many irrigation systems
fall within this middle range; whether or not farmers in these
systems are successful in governing and maintaining their sys-
tems depends on the balance between the benefits and costs
they face.

Irrigated Area and Number of Irrigators. Even if individual irri-
gators are willing to contribute to collective endeavors, they have to
expend resources to organize among themselves to assign responsi-
bilities and undertake water allocation and maintenance jobs. Both
the size of the irrigation system and the number of users of the
system may affect farmers’ actions. Many authors argue that, all
other things being equal, information gathering, communication,
decision making, and monitoring costs increase as the size of a
resource increases. By the same token, various kinds of transaction
costs increase as the number of irrigators increases (Field 1986;
Buchanan and Tullock 1962). These two arguments imply that,
all other things being equal, it will be easier to organize collec-
tive action in irrigation systems of smaller sizes and with fewer
users.

Although it is more costly to organize collective action in large
irrigation systems, this does not mean that large systems are
doomed to fail. In many circumstances, in order to take advantage
of a large source of water, it is more economical to develop a system
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that irrigates extensive areas and serves many farmers. Depending
on the kinds of institutional arrangements adopted, coordination
problems in large systems can be solved in various manners.

The type of institutional arrangement that is needed to overcome
the problem of organizing large-scale irrigation has long been of
interest to social scientists. Wittfogel’s thesis that large-scale irri-
gation (hydraulic agriculture) requires discipline and direction by
an external authority is probably the most famous theory about
irrigation known to a general social science audience.’ Wittfogel
writes:

A large quantity of water can be channeled and kept within bounds
only by the use of mass labor; and this mass labor must be coordi-
nated, disciplined, and led. Thus a number of farmers eager to con-
quer arid lowlands and plains are forced to invoke the organizational
devices which—on the basis of premachine technology —offer the
one chance of success: they must work in cooperation with their fel-
lows and subordinate theniselves to a directing authority. (1981, 18)

Wittfogel further argues that the need to direct and enforce cooper-
ation in constructing and operating major hydraulic works induced
the development of highly centralized bureaucratic regimes in many
parts of the world.

This thesis, however, has been contradicted by many examples
in which farmers or local communities have been able to assemble
and discipline massive local labor and other resources to construct
and sustain irrigation systems with command areas of over several
hundred hectares (for example, Lando 1979; Siy 1982; Pradhan
1983). These systems are not governed by any single, unified bu-
reaucratic machinery. Instead, federated arrangements are adopted
under which the entire system is governed by multiple layers of
farmers’ organizations. As will be discussed later in this chapter,
this kind of multilevel arrangement can reduce transaction costs
and facilitate coordination and problem solving in large irrigation
systems.

Differences among Irrigators. Irrigators differ from one another
in (1) their cultural and social characteristics such as ethnicity,
caste, race, clan, or religion; (2) the amounts of irrigated land or
water shares they hold; or (3) the locations of their plots within the
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system. These differences are important contextual attributes that
affect collective action in irrigation.

If a community of irrigators is divided by ethnic, clan, racial,
caste, or religious differences that inhibit communication, the costs
of organizing collective action within the community will be higher
than within communities without divisions. In some situations, the
divisions among irrigators may be great enough to inhibit any form
of cooperation. Cases exist, however, in which communities with
ethnic, caste, or other divisions are able to overcome these ob-
stacles and develop and sustain long-term cooperative arrange-
ments. In these situations, high levels of potential disagreements
and conflicts among irrigators still exist. Institutional arrangements
that can mitigate and resolve potential conflicts among farmers and
ensure a more equitable sharing of benefits and burdens help to
sustain their cooperative efforts.

Some literature suggests that a collective good is likely to be
provided if a few individuals have disproportionate interests in the
good, since these individuals have more to gain from the good and
may find it in their own interests to provide the good by them-
selves or expend resources to organize other potential beneficia-
ries to provide the good (for instance, Olson 1965). In irrigation,
this means that the presence of individuals with disproportionate
landholding or shares of the water flow facilitates collective ef-
forts in water allocation and investment. Conversely, some auihors
argue that a highly unequal distribution of landholding inhibits lo-
cal cooperation in operating and maintaining irrigation facilities
(for example, Palanisami and Easter 1986). Farmers with dispro-
portionate wealth and influence may be reluctant to cooperate with
poorer farmers; or if they do, they expect more privileges and bene-
fits (Harriss 1977). To ensure a mutually productive relationship
among all farmers in this kind of situation, it is important to have
institutional arrangements that ensure a fair sharing of costs and
benefits among participants.

Irrigators may have unequal access to the flow of water. This
difference also affects their incentives for cooperation. In most
canal irrigation systems, headenders have a natural advantage over
tailenders in their access to water. As documented by many au-
thors, unless irrigation systems are well organized, headenders tend
to take more water than is necessary for the growth of their crops,
to the detriment of tailenders (Bromley 1982; Chambers 1977). The
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temptation to “overuse” water is especially great for the cultivation
of rice. Rice is believed by many farmers to be very sensitive to
water shortage but tolerant to large amounts of water.% Standing
water is also an important means to control the growth of weeds.
For many farmers, to maintain as much water as possible in their
rice field is a good way to reduce the risk of lower yields and
the amount of labor required to clear weeds (see Abel 1977). Be-
cause of their more favorable location, headenders may have little
incentive to cooperate with tailenders in water allocation.

The position of headenders is, of course, not invulnerable.
Tailenders may go upstream and hurt headenders by destroying
their banks, gates, or valves if no one sanctions them. The possibil-
ity that their diversion works will be destroyed induces headenders
to cooperate with tailenders to a certain extent. On the other hand,
when both headenders and tailenders implement a set of enforce-
able allocation rules, headenders are probably in a better position to
negotiate a more favorable share of water because of their proximity
to the source.

The situation is different in irrigation systems where most farm-
ers culiivate plots in both head and tail areas. In this kind of system,
most farmers have vested interests in ensuring that enough water is
delivered to the tail area; this pattern of plot distribution can facili-
tate cooperation. In some irrigation systems, specific rules exist to
raake sure that every faimer cultivates plots in both the head and
tail areas (Coward 1979).

Conclusion. Physical and community attributes create the setting
in which irrigators interact. Although many of the physical and
communal attributes of an irrigation system affect the situations
that irrigators face, few of these attributes have deterministic ef-
fects on the success or failure of collective action. In some cases,
institutional arrangements can mitigate the perverse effects of situa-
tions created by these attributes.

Institutional Arrangements

From a policy perspective, institutional arrangements are the most
important of the three contextual attributes underlying action situ-
ations faced by irrigators. Institutional arrangements are rules that
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“are potentially linguistic entities that refer to prescriptions com-
monly known and used by a set of participants to order repeti-
tive, interdependent relationships™ (E. Ostrom 1986, 22). In a rile-
structured situation, individuals select specific actions from a large
set of allowable actions in light of the incentives existing in the
situation. Rules as social artifacts are subject to human design and
intervention. By identifying the capabilities and limitations inherent
in different institutional arrangements, one can anticipate different
patterns of social outcomes. By changing rules, one can intervene
to change the structure of incentives for participants and the re-
lationship among participants. Such interventions may enhance or
reduce irrigators’ abilities to allocate water and maintain an irriga-
tion system effectively.

Operational Rules. Operational rules define who can participate
in which situations; what the participants may, must, or must not
do; and how they will be rewarded or punished. Operational rules
facilitate coordination if the participants share a common knowl-
edge of these rules and are willing to follow them. In a world of
rapidly expanding knowledge and changing circumstances, rules
have to be able to create enough predictability among individuals
yet permit enough flexibility to deal with various contingencies
(V. Ostrom 1989). In irrigation cystems, four kinds of opera-
tional rules are particularly important if farmers are to solve their
collective-action problems.” These include boundary rules, alloca-
tion rules, input rules, and penalty rules.

Boundary rules. A key precondition for suceessful collective ac-
tion in common-pool resources is the effective enforcement of a
set of boundary rules that limits the number of individuals entitled
to resource units (E. Ostrom 1990; Schlager and Ostrom 1992).
Without a well-defined set of rights holders, it is difficult for ac-
tual and potential users to negoiiate and enforce a common set of
rules coordinating various water allocation and investment activi-
ties. Arthur Maass and Raymond Anderson, for ¢xample, argue
that “the strength and coherence of local irrigation « i "amzations in
developed regions appears to be correlated with an irrigation com-
munity’s success in limiting or stabilizing growth, thereby gain-
ing security for its members” (Maass and Anderson 1986, 368).%
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The exisience of a closed set of rights holders also distinguishes a
common-property resource from an open-access resource (Bromley
1984). Norman Uphoff suggests that because the resource and the
users are more clearly defined, water user associations tend to out-
perform other local organizations responsible for such resources as
forests and grazing land (Uphoff 1986b, 27-28).

Several boundary requirements are frequently used in irrigation
systems: (1) ownership or leasing of land within a specified loca-
tion, (2) ownership or leasing of shares in water delivery facilities,
(3) ownersnip or leasing of shares to a certain proportion of the
water flow, (4) payment of certain entry fees, and (5) member-
ship in an organization. A boundary rule may consist of only one
requirement or a combination of requirements.

Although limiting the number of users of an irrigation system is a
way to ensure its long-term viability, serious resource misallocation
occurs if individuals who could benefit from an irrigation system
are excluded. This may happen, for example, when the irrigation
system has an abundant supply of water but the rights to take water
are rigidly tied to plots within a certain area. Excess water will be
wasted if farmers who cultivate plots outside the area are excluded
from the system.

There are, however, boundary requirements that tend to encour-
age efficient uses of water. Some authors, for example, argue that
transferable water rights, independent of land, create incentives for
individuals to use water efficiently. Transferable rights also allow
the trading of water shares so that water can be obtained by the
individuals who can use it most productively (Martin and Yoder
1986; Anderson 1983). Others, however, argue that independently
transferable rights generally require more iechnological and orga-
nizational control and may not be feasible in all kinds of situations
(Glick 1970).

Allocation rules.  Allocation rules prescribe the procedure for
withdrawing water from an irrigation system. They are especially
important when the supply of water is inadequate to meet the crop
requirements of all cultivators simultareously. If allocation rules
are effectively enforced, they can reduce uncertainty and conflict
among irrigators in relation to water withdrawal. Three types of
procedures—fixed percentage, fixed time slot, and fixed order—
are frequently used in water allocation:
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1. Fixed percentage: The flow of water is divided into fixed
proportions by some physical device.

2. Fixed time slot: Each individual is assigned fixed time slots
during which withdrawal is permitted.

3. Fixed order: Individuals take turns getiing water.

Each of these procedures may be based on different premises
such as amount of land held, amount of water needed for cultiva-
tion, number of shares held, historical pattern of use, location of
fields, or ofticial discretion. An allocation rule may, for exsinple,
require each irrigator to withdraw water in specific time slots. The
length of the slot for an irrigator may be determined by the amount
of land he holds; that is, the more land he holds, the more time
to which he is entitled. There are many possible combinations of
water distribution procedures and bases.”

Depending on such diverse attributes as the degree of water
scarcity, the length and structure of the water-carrying facilities,
the types of crops cultivated, and the monitoring devices avail-
able, different allocation rules may be appropriate under various
situations. Among them, the degree of water scarcity deserves spe-
cific discussion. The degree of water scarcity affects the type of
allocation rules needed to coordinate water appropriation activities.
In systems that have an abundant supply of water all year round,
no specific allocation rule may even be needed. For many other
irrigation systems, the volume of water supply as a whole may
be adequate for the requirement of all the crops cultivated by its
members, yet demands for water may exceed the amount available
during certain time periods of the year. This situation happens fre-
quently in dry scasons or in specific growth stages of crops when
larger amounts of water are needed.

Two different responses to such a situation are possible. One
possible response is to impose a more restrictive set of allocation
rules: More restrictive turns or time schedules may be adopted,
or officials may begin to exercise discretion in allocating water
among farmers. To enforce this more restrictive set of rules, irriga-
tion institutions and officials must be able to command sufficient
respect and confidence from irrigators. Otherwise, pressure from
irrigators, especially the more influential ones, may undermine the
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governing ability ~f the institutions and officials. Another possible
response to decreases in water supplies is to suspend or relax re-
strictions on water allocation. This response may lessen pressure
on the institutions and officials. Conflict -nay, however, develop
among irrigators unless they have other sources of water on which
to fall back. Furthermore, tailenders are likely to suffer more than
headenders in the absence of allocation arrangements.

Input rules. Input rules prescribe the types and amounts of re-
sources required of each cultivator. Irrigators who own and run an
entire system must raise their own resources to finance their own
organization and to construct and maintain water delivery facilities.
In large-scale, government-built irrigation systems, human and ma-
terial resources from irrigators could also be effective and reliable
inputs for developing and maintaining systems. An irrigator may
be required to contribute four major types of inputs: (1) regular wa-
ter tax, (2) labor for regular maintenance, (3) labor for emergency
repair, and (4) labor, money, or materials for major capital invest-
ment. Each of these input requirements may be based on one of
two kinds of premises—equal or proportional. Equal rules simply
require equal contributions from all irrigators. Prorortional rules
require contributions from irrigators roughly in proportion to the
benefits each gets from the system—for example, proportional to
the irrigator’s share of the system, to the amount of land cultivated,
or to the amount of water needed.

Some scholars argue that if farmers are required to contribute
labor to maintenance. the inputs required should be nroportional to
the benefits received. Chambers, for example, write.

Communal labor is most likely to be effective where the commu-
nity will benefit directly and where labor obligations are proportional
to expected benefits. ... Conversely, where there is no direct link
between the work done and the benefits gained, communal mainte-
nance will be much more difficult. (1977, 354)

According to this principle, proportional input rules should be
more effective for maintenance than equal input rules. There are,
however, exceptions to this principle. First, if an irrigation system
requires relatively small amounts of labor inputs for regular main-
tenance every year, the costs of implementing proportional rules
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could exceed their potential benefits. Only in systems that require
large labor inputs could the gains from proportional rules be higher
than the costs of enforcing them. Second, if an important struc-
ture, such as the diversion dam, is destroyed and requires emer-
gency repair, equal contribution rules may be easier to implement
than proport:onal rules. The prospect of losing the entire source of
water may create enough incentives for everyone to participate in
repairing the structure.

Penalty rules.  In most cases, rules will be ineffective unless rule
breakers are subject to punishment. Some possible penalties include
community shunning, fines, temporary or permanent loss of rights
to water, and incarceration. Which of these penalities is a more
effective deterrent depends on the features of the community of
irrigators and the monitoring mechanisms available. In a closed and
homogeneous community, shunning may be sufficient. In a more
diverse and heterogeneous community, more substaniial penalties
such as fines arc necessary. Such serious penalties as loss of rights
to water and incarceration may not be suitable for every irrigation
community bccause they may induce a high level of conflict among
irrigators. Unless backed by external authority with legal power for
coercion, these penalties may be difficult to enforce.

Collective-Choice Arrangements. Operational rules establish con-
straints that, if properly designed and followed, facilitate coopera-
tion among participants in various collective-action situations in
irrigation. Operational rules, however, are neither self-generating
nor self-enforcing. In most cases, institutional arrangements must
be established to adjudicate conflicts, enforce decisions, and formu-
late and modify operational rules. These institutional arrangements
represent a second set of rules—collective-choice . eles. The study
of processes used to create, enforce, and modify collective-choice
rules involves a different level of institutional analysis, the consti-
tutional level (V. Ostrom 1987).

Collective-choice arrangements for determining, enforcing, and
altering operational rules are especially important in view of par-
ticipants® bounded rationality and opportunism. Bounded rational-
ity makes it impossible to devise operational rules that anticipate
all kinds of contingencies: disputes among participants as to the
proper meaning and scope of operational rules can arise frequently.
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Collective-choice arrangements structure the processes by which
disputes among participants can be settled. Opportunism makes
individuals inclined to take advantage of their fellow contractors;
collective-choice arrangements that sanction against rule-breaking
behavior are important for sustaining mutually productive relation-
ships. Furthermore, in a world of changing knowledge and environ-
ments, operational rules adopted at one time may become obsolete
at another; institutional arrangements that facilitate the adoption
and modification of rules enable participants to respond to these
changes.

Multiple levels of collective-choice entities. Different sets of
collective-choice rules and different communities of participants
may be involved in collective-choice situations. Depending on at-
tributes such as the size and number of users of the irrigation
system, different collective-choice entities may be. constituted to
exercise collective-choice prerogatives on behalf of the users and
other concerned parties. Some irrigation systems, for example, are
governed solely by a national government agency; operational rules
may be created, changed, and enforced by reference to statutes
adopted by the national legislature or executive. The collective-
choice entity in this case involves not just one specific community
of irrigators but also potential irrigators, interest groups, politi-
cians, government officials, and the general public, who share an
interest in irrigation and other related activities. In some other irri-
gation systems, the collective-choice entity is constituted solely by
irrigators who adopt and enforce their own collective-choice and
operational rules.

Sometimes a community of irrigators may be subject to multiple
sets of operational rules adopted by two different collective-choice
entities. For example, irrigators in large irrigation systems may be
simultaneously subject to two sets of operational rules adopted by
two different collective-choice entities—one entity at the system
level and another at a subsystem level.'® Collective-choice enti-
ties at the subsystem level, constituted by farmers themselves, are
important for the effective operation and maintenance of large ir-
rigation systems for two major reasons. First, what kinds of water
allocation and input rules are the most effective and how these
rules should be implemented depend greatly on such specific at-
tributes as soil type, field topography, cropping pattern, and amount
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of water available in the specific irrigated area. Frequent, quick,
but nonroutine decisions must be made about water allocation and
maintenance in response to changes in such variables as volume
of water flow, climate, and growth stage of plants. In many large
irrigation systems, different watercourses vary in these attributes.
If there is only one collective-choice entity to create and enforce
one uniform s=t of operational rules for an entire system, the set of
rules is unlikely to serve the needs of all watercourses equally well.
Local collective-choice entities at the watercourse level, if properly
constituted, are likely to facilitate the utilization of “information of
specific time and place” in formu'ating and enforcing appropriate
operational rules and choices (Hayek 1948).

Second, collective-choice entities at the subsystem level involve
irrigators in formulating their own rules. Irrigators are more likely
to have incentives to follow and enforce rules they adopted them-
selves than those handed down from an outside authority. Irrigators
can also mobilize various informal mechanisms such as social shun-
ning to enforce their own rules, mechanisms unavailable to external
officials.

Whereas collective-choice entities at the subsystem level facil-
itate adaptation to the specific needs of various irrigation units, a
collective-choice entity at the system level is necessary to deal with
broader collective problems such as the allocation of water among
watercourses and the maintenance of diversion works for the en-
tire system. The collective-choice entities at the subsystem level,
however, can still maintain their autonomy in relation to water
allocation and maintenance within their respective areas. If differ-
ent levels of collective-choice entities are constituted to deal with
collective-action problems of different scopes, many coordination
and control problems associated with large irrigation bureaucracies
can be avoided.

Collective-choice rules. Individuals may have little incentive to
follow rules unless they believe that their noncompliance will result
in suostantial punishment. Long-term cooperation among a large
group of individuals depends on arrangements that help monitor
and sanction against noncompliance (see Hechter 1987). Mutual
moniioring among irrigators can be a means of rule enforcement.
It may be effective when (1) only a small group of individuals is
involved, (2) each individual’s activities can be easily observed by
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others, and (3) each individual has an incentive to monitor others’
activities in order to protect his or her own rights. When many
individuals are involved, however, the provision of monitoring is
itself subject to the free-riding problem hecause certain individuals
may have incentives to save the time and energy for monitoring
others™ activities, hoping that others will do the monitoring job for
them. Specialized officials may be needed to enforce rules.

Many cooperative activities in irrigation benefit from the involve-
ment of specialized officials. «icials vested with special preroga-
tives in rule formulation and enforcement, however, are frequently
in a position to interpret rules to their own advantage or demand fa-
vor from irrigators when adjudicating their disputes or distributing
their water shares. This potential opportunistic behavior of officials
is a permanent danger in any collective-choice entity. The design
of institutional arrangements that can ensure the accountability of
irrigation officials has been a major concern of the literature in ir-
rigation organization and management (Hunt 1989; Coward 1980a;
Chambers 1988; Wade 1988b).

To ensure the responsiveness of irrigation officials to irrigators,
rules are needed to stipulate how irrigation officials are to be se-
lected and removed, to whom they must report, and how they are
to be compensated for their services. These collective-choice rules
affect the structures of incentives faced by these officials and their
services to irrigators. These officials are more likely to be respon-
sive to irrigators’ needs if (1) their tenures are subject to periodic
votes by irrigators, (2) they must periodically report to irrigators
in general meetings or hearings, and (3} their salaries depend on
direct contributions from irrigators.

In some irrigation systems, incentives for officials come more
from their private interests in the operation and maintenance of the
system than from their official salaries. If the officials themselves,
for example, cultivate lands in the tail end of a system, it would
be in their personal interest to ensure that the water allocation and
maintenance schedules are being followed by all irrigators so that
their fields can get a sufficient and predictable supply of water.
In this situation, personal interests are sufficient incentives for the
officials to work for the common interests of the collective entity.

Conclusion. Institutional arrangements create constraints that facili-
tate cooperation among irrigators. No single form of institutional
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arrangement, however, is good for all circumstances. Different op-
erational and collective-choice rules, in combination with the physi-
cal and community attributes of an irrigation system, may create
different incentive structures that induce cooperation or conflict
among participants.

Research Agenda

Various physical, community, and institutional attributes may affect
collective-action situations in irrigation. These attributes usually
combine in a configurational manner rather than a simple, additive
manner (see Kiser and Ostrom 1982; E. Ostrom 1986). To know
the effect of one attribute, one must know what other attributes are
also in effect. A change in one attribute may alter the way the entire
configuration operates, thus creating quite a different action situa-
tion. This principle implies that when one tries to explain or predict
outcomes for various irrigation situations, one must be aware of the
interrelationships among the contextual attributes involved.

This chapter’s discussion of collective-action problems in terms
of transaction costs helps to specify several behavioral assumptions
and contextual attributes that potentially affect outcomes in an irri-
gation system. Figure 2.2 shows how these assumptions, attributes,
and outcomes are related to one another within the framework of
institutional analysis.
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FIGURE 2.2
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CHAPTER THREE

Comparing Irrigation Systems
and Institutions

A way to ascertain how various physical, community, and in-
stitutional attributes affect the performance of an irrigation sys-
tem is to examine their pattern of interactions in natural settings.
In the past two decades, scholars in such disciplines as anthro-
pology, sociology, agricultural economics, and political science
have written extensive in-depth case studies on irrigation systems in
various parts of the world. These cases vary from extremely simple
settings, in which temporary dams divert water from streams to
small, homogeneous groups of farmers to complex settings in
which huge networks of canals deliver water to diverse groups
of people and hundieds of thousands of hectares of farmland. Al-
though some of these studies focus on certain selected aspects of
an irrigation system, they represent in many instances excellent
accounts of how different physical, community, and institutional
attributes affect the process of organizing various types of collec-
tive action related to irrigation systems. information from some
of these case studies is used to examine arguments discussed in
Chapter 2.

In this chapter, I first introduce some basic terminology essential
for classifying and comparing irrigation systems. I then describe
how case studies on irrigation systems have been collected and
used for analysis in the subsequent chapters of this book.

37
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Simple and Complex Irrigation Systems

How the boundaries of an irrigation system are defined determines
how one identifies such important variables as the size of the sys-
tem, the number of irrigators, and the institutional arrangements
related to the system.! Unless definitions are used consistently, the
validity of any comparative studies will be in doubt. One way of
conceptualizing the boundaries of an irrigation system is to consider
its water delivery processes.

These processes can be divided into four stages or distinct re-
source parts— production, distribution, appropriation, and use (see
Plott and Meyer 1975).> The production of water for irrigation
involves making water available at locations and times when it
does not naturally occur in the form of precipitation and immediate
runoff. Water is produced, for example, by damming the flow of a
river and releasing it during irrigation seasons. A dam or any other
form of headwork is the production resource of the irrigation sys-
tem. From the production resource, the water inay be distributed
through a large aqueduct or canal to the irrigated area; the aqueduct
or canal is the distribution resource. In the irrigated area, farmers
may appropriate water from the local canals, tanks, or pumps; these
structures are the appropriation resources. The water appropriated
by farmers is then used io irrigate crops in fields; the fields and
crops together constitute the use resources.”

Although appropriation resources can be distinguished from pro-
duction and distribution resources in many irrigation systems, in
other systems the appropriation and distribution resources may be
contained in the same boundary. If, for example, water is diverted
to the fields immediately after it leaves the headwork, the network
of canals connected to the headwork can be considered both the
distribution and the appropriation resources, which are in this case
identical.

With this distinction among production, distribution, and appro-
priation resources, one can identify two general types of irrigation
systems—simple and complex. In a simple irrigation system, the
production and distribution resources supply water to only one ap-
propriation area. In a complex irrigation system, the production
and distribution resources deliver water to multiple appropriation
areas (see Figure 3.1).*

Simple irrigation systems are generally easier to analyze because
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FIGURE 3.1 Simple and Complex Irrigation Systems
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the entire network of canals usually constitutes the appropriation
resource and the organizational activities of all irrigators center on
it. Analytical problems arise, however, in regard to complex ir-
rigation systems that are divided into many smaller watercourses
(appropriation areas). Although problems at the system level cer-
tainly affect various appropriation areas within the system, each
appropriation area has its own set of collective-action problems.
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Other problems arise when one attempts to compare simple and
complex irrigation systems that may be physically, technologically,
and institutionally different from each other. To solve these prob-
lems, I use individual appropriation resources as the units for com-
parison in this study. [ focus on the appropriation resource because,
regardless of the institutional arrangement of an irrigation system,
irrigators are always involved in the appropriation stage of the water
delivery process. It is also at this stage that many water allocation
and maintenance problems arise.® In subsequent chapters, I analyze
activities and attributes related to the entire appropriation areas of
simple irrigation systems and selected appropriation areas (water-
courses) within complex systems. The activities and attributes
related to production and distribution resources are addressed when-
ever they closely relate to activities within the appropriation area
under discussion.

Organizational Forms

An irrigation system may be governed by one or more collective-
choice entities, which may be constituted by (1) a national or re-
gional goverrment agency or enterprise, (2) a local government
unit, (3) a communal enterprise or an irrigators’ association, or
(4) any other kind of organization such as a profit-making private
enterprise. In some irrigation systems, one collective-choice entity
governs the production, distribution, and appropriation resources si-
multaneously. In some other systems, a separate collective-choice
entity governs each of the three resources. An irrigation system can
be classified according to the kinds of collective-choice entities in-
volved in governance and the kinds of resources governed.

In this study, I concentrate on two kinds of irrigation systems—
bureaucratic and community. In a bureaucratic irrigation system,
the production resource is governed by a national or regional gov-
ernment agency or enterprise. In some bureaucratic systems, the
same government agency or enterprise may also govern the distribu-
tion and appropriation resources of the system. In others, different
collective-choice entities, such as irrigators’ associations, may be
involved in governing the distribution or appropriation resources.®

In a community irrigation system, the production resource is
governed by either communal enterprises or irrigators’ associations.
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In almost all community irrigation systems, the distribution and
appropriation resources are also governed by either communal en-
terprises or irrigators’ associations. Systems that are not governed
by any formal collective-choice entity are also considered commu-
nity irrigation systems since only irrigators are involved in their
operation.

The Nature of the Evidence

The data for this study were collected through a research project on
the study of common-pool resources conducted by the Workshop in
Political Theory and Policy Analysis at Indiana University. A part
of the research project has been to undertake a systematic analysis
of in-depth case studies of common-pool resources, including irri-
gation systems, fisheries, forests, groundwater basins, and grazing
land.” Meinbers of the research project have developed a series of
in-depth coding forms, containing mostly closed-ended questions,
to identify the key physical, community, and institutional attributes
of an appropriation area in a common-pool resource and to ob-
tain general information about production and distribution resources
when they are separated geographically and organizationally from
the appropriation resource. Forms that are relevant to this study
include the following:

1. The location form examines the major geographic and de-
mographic features of the location of an appropriation re-
source.

2. The appropriation resource form examines the boundaries
and physical characteristics of an appropriation resource.

3. The operational-level form examines the types of situations
faced by participants, the level of information available to
them, their potential actions and levels of control, their
patterns of interaction, and the outcomes they obtain.

4. The subgroup form examines the stakes and resources, po-
tential actions and levels of control, and strategies of par-
ticipants in a subgroup. There is always more than one
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subgroup, and more than one subgroup form has to be
filled out if the participar!s in an appropriation resourze do
not have relatively symmetrical legal rights to appropriate
water, withdrawal rate from the resource, exposure to vari-
ation in water supply, level of dependency on water from
the resource, and patterns of use.

5. The operational rule form exanines the kinds of bound-
ary, authority, scope, information, payoff, and aggregation
rules vsed in an appropriation resource.

6. The collective-choice form examines the collective-choice
entities that govern an irrigation system.

7. The organizational structure form examines the structure
and process of a collective-choice entity. Multiple organi-
zational structure forms have to be filled out if more than
one collective-choice entity is involved in governing an
appropriation resource.

Most of the variables discussed in Chapter 2 are covered by these
seven forms. I have used these forms to code data provided by
in-depth case studies.

The rescarch project has undertaken extensive efforts to iden-
tify theoretical and case studies in irrigation systems and other
common-pool resouwces. Over 1,000 items, including books, dis-
sertations, journal articles, monographs, and occasional papers
have been identified in the area of water resources and irrigation
(F Martin 1989), and over 450 documents have been collected by
the research project. Cases were selected from these documents for
coding only if they contain detailed information about (1) partici-
pants in the resource, (2) strategies used by participants, (3) the
condition of the resource, and (4) rules in use for the resource.
Cases were also selected so as to include in the sample as much
diversity in physical, community, and institutional attributes and
collective outcomes as possible.

This study is based on forty-seven coded cases. The profiles of
these cases are shown in Tables 3.1, 3.2, and 3.3. Twenty-nine
of these cases are community systems; fourteen are bureaucratic
systems; and four are systems governed by local governments.
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TasLE 3.1

Commuuiity Irrigation Systems: Cases Coded

System System Command area

Country name type (in hectares) Major crop Documentation
Bangladesh Nabagram Simple 29 — Coward & Badaruddin (1979)
Indonesia Bondar Parhudagar Simple 4 Rice Lando (1979)
Indonesia Takkapala Simple 95 Rice Hafid & Hayami (1979)
Indonesia Sachah Simple 100 Rice Hafid & Hayami (1979)
Indonesia Silean Banua Simple 120 Rice Lando (1979)
Iran Deh Salm Simple 300 Other grains Spooner (1971, 1972 & 1974)
Iran Nayband Simple — Rice Spooner (1971, 1972 & 1974)
Nepal Raj Kulo Simple 94 Rice Martin & Yoder (1983a. 1983b & 1986)
Nepal Thulo Kulo Simple 39 Rice Martin & Yoder (1983a. 1983b & 1986)
Nepal Char Hazar Simple 200 Rice Fowler (1986}
Nepal Chhahare Khola Simple 20 Other grains  Water & Engincering Commission (1987)
Nepal Naya Dhara Simple S5 Rice Water & Engineering Commission (1987)
Philippines Agcuyo Simple 9 Rice de los Reyes et al, (1980a)
Philippines Cadchog Simple 3 Rice de los Reyes et al. (1980a)
Philippines Calaocaan Simple 150 Rice de los Reyes et al. (1980a)
Philippines Mauraro Simple 15 Rice de los Reyes et al. (1980a)
Philippines QOaig-Day= Simple 100 Rice de los Reyes et al. (1980a)
Philippines Sabangan Bato Simple 94 Rice de los Reyes et al. (1980a)
Philippines Silag-Butir Simple 114 Rice de los Reyes et al. (1980a)
Philippines San Antonio 1 Simple 23 Rice de los Reyes et al. (1980b)
Philippines San Antonio 2 Simple 7 Rice de los Reyes et al. (1980b)
Philippines Tanowong T Simple — Rice Bacdayan (1980)
Philippines Tanowong B Simple — Rice Bacdayan (1980)
Philippines Pinagbayanan Simple 20 Rice Cruz (1975)
Tanzania Kheri Simple 260 Other grains Gray (1963)
Thailand Na Pae Simple 64 Rice Tan-kim-yong (1983)
Philippines  Zanjera Danum Sitio Complex 45/1500° Rice Coward (1979)
Switzerland Felderin Complex 19/— Meadow Netting (1974 & 1981)
Thailand Chiangmai Complex —/— Rice Potte- 1976)
N =29

— = Missing in case.
a. Command area of the appropriation area/command area of the entire system.




TABLE 3.2

Bureaucratic Irrigation Systems: Cases Coded

System System Command arca

Country name type (in hectares) Major crop Documentation
India Kottapalle Complex 500/ —* Rice Wade (1985 & 1988a)
India Sananeri Complex 173/1,172 Rice Meinzen-Dick (1984)

R Gustafson & Reidinger (1971)
India ?\:]aztlzlrcrl::s(::r Complex 21/— Other grains Reidinger (1974 & 1980)

Vander Velde (1971 & 1980)

India Arca Two Watercourse Complex 33/229,000 Other grains Bottrall (1981)
Indonesia Arca Three Watercourse Complex 115/33,000 Rice Bottrall (1981)
Irag El Mujarilin Complex 307/208.820 Other grains Fernea (1970)
Laos Nam Tan Watercourse Complex 100/2,046 Rice Coward (1980b)
Pakistan Dakh Branch Watercourse  Complex 152/— Other grains Mirza (1975)
Pakistan Gondalpur Watercourse Complex 200/628,000 Rice Merrey & Wolf (1986)
Pakistan Punjab Watercourse Complex 96/— Rice Lowdemilk. Clyma & Early (1975)
Pakistan Arca One Watercourse Complex 50/628.000 Other grains Bottrall (1981)
Thailand Kaset Samakee Complex 28/12.,000 Rice Gillespie (1975)
Thailand Amphoe Choke Chai Complex 125/12,000 Rice Gillespie (1975)
Taiwan Area Four Watercourse Complex 150/67,670 Rice Bottrall (1981)
N =14

— = Missing in case.

a. Command area of the appropriation arca/command area of the entire system.
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TasLE 3.3 Other Irrigation Systems: Cases Coded

System System Command arca
Country name type (in hectares) Major crop Documentation
Peru Hanan Sayoc Simple — Other grains  Mitchell (1976 & 1977)
Peru Lurin Sayoc 1 Simple - Other grains ~ Mitchell (1976 & 1977)
Peru Lurin Sayoc 2 Simple — Other grains  Mitchell (1976 & 1977)
Mexico  Diaz Ordaz Tramo Complex 2/150* Other grains Downing (1974)

NOTE: The production resource of Lurin Sayoc 1 is govemed by barriowide rural politi-
cal officials. The production resources of the other three cases are governed by municipal
governments.

N =4

— = Missing in case.

a. Command area of the appropriation area/command area of the entire system.
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Twenty-nine of the cases are simple systems; cighteen are complex.
Forty-one of the forty-seven cases are located in Asia. The sizes of
the systems range from 3 hectares (Cadchog, a community system)
to 628,000 hectares (Area One, a bureaucratic system). The major
irrigated crop in most of the systems is rice.

A majority of the case studies available are on well-managed
community systems, so special efforts were taken to locate and
code cases on poorly managed community systems. Most of the
case studies on bureaucratic systems lack information about specific
appropriation areas. This is why only fourteen bureaucratic cases
are coded as compared to twenty-nine community cases. I coded
all the cases, and another member of the research project reviewed
the coding of each case. Disagreements on the proper coding were
discussed and resolved in regular meetings.

Because the original forms were designed to code cases about
different kinds of common-pool resources, the wording of some
of the questions presented in subsequent chapters has been slightly
changed from the original versions to fit the present context. The
meaning of the questions, however, remains unchanged.

The values for some variables have also been changed. Some
variables in the original coding forms consist of four or five val-
ues. In this study, because of the limited number of cases available,
the number of values for some variables is reduced to two. In the
original coding form, for instance, the variable about the supply of
water has five values: (1) extreme shortage, (2) moderate shortage,
(3) apparent balance, (4) moderate abundance, and (5) significant
abundance. In this study, values | and 2 are coded as inadequate,
and 3, 4, and 5 are coded as adequate. The coded values of individ-
ual variables for each case are repoited in the subsequent chapters
to give readers an opportunity to check the validity of the coding.

The basic unit of analysis in this study is the time slice during
which the actions of participants are relatively consistent and the
contextual attributes are relatively stable. Contextual attributes are
considered relatively stable if the rules governing the appiopriation
resource, the community of appropriators, and the physical charac-
teristics of the resource are the same throughout the period. When
any of these attributes changes, a new time slice begins, and a new
operational-level form is coded. Other new forms are also coded
to reflect the corresponding changes in contextual attributes. For
example, if new operational rules are employed. a new operational
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rule form will be used to code the new arrangements. There will
therefore be more than one case for each irrigation system if more
than one time slice is reported in the documents.

The reader may notice that some of the cases bear similar names,
such as San Antonio 1 and San Antonio 2, Tanowong T and
Tanowong B, and Lurin Sayoc | and Lurin Sayoc 2. San Anto-
nio | and San Antonio 2 correspond to two different time slices
of an irrigation system built by the National Irrigation Adminis-
tration of the Philippines in San Antonio. San Antonio 1 stands
for the period when a watertender oversaw water allocation: San
Antonio 2 stands for the period when the position of watertender
no longer existed. Tanowong B refers to a period when the ap-
propriation resource had access to an additional source of water,
which Tanowong T did not have. Lurin Sayoc | stands for a period
when the resource was governed by some barriowide rural political
officials, and Lurin Sayoc 2 stands for a period when the resource
was governed by municipal officials.

Because these forty-seven cases form the basic evidence of this
study, the generalizations derived from the study pertain to what
has been reported in the case studies. One cannot ascertain whether
this sample is represcntative of the entire population of irrigation
systems in the world, but it provides a wide diversity of experiences
from which to analyze institutions and collective action in irriga-
tion systems. No other source of evidence describes in detail the
experiences of irrigation systems in such diverse physical, com-
munity, and institutional settings. This contrasts with most other
studies of irrigation systems, which make generalizations based on
the experiences of one or two irrigation systems.? The present study
combines the advantages of detailed information about individual
irrigation systems and a larger number of cases than is available to
individual field researchers. An analysis of these forty-seven cases
enables us to identify how various collective outcomes are asso-
ciated with different configurations of physical, community, and
institutional attributes of irrigation systems.



CHAPTER FOUR

Collective Outcomes and Physical
and Community Attributes

The cooperative efforts of cultivators in investment and water al-
location in an irrigation system affect the level of water supply,
the degree of rule conformance, maintenance, and the distribution
of benefits and costs among the participants. These outcomes are
related to one another in a recursive manner. On the one hand, rule
conformance and maintenance may act as independent variables
affecting the level of water supply. By cooperating to maintain an
irrigation system, for instance, cultivators can increase the level of
water supply in the system. After they have utilized an appropri-
ation resource for several years and are able to enforce a suitable
set of water allocation rules, they can estimate the usual amount
of water available and plar: the number and types of crops to be
cultivated accordingly. On the other hand, the level of water sup-
ply may act as an independent variable affecting the degree of rule
conformance and maintenance: Cultivators’ incentives to cooperate
in water allocation and maintenance are affected by the ability of
water available from the appropriation resource to meet the require-
ments of crops.

The collective outcomes in an irrigation system are also related
to various physical and community attributes of the ~tem. The
extent to which cultivators depend on an irrigation system may af-
fect their incentives to cooperate. After individual cultivators have
realized the potential benefits of cooperation, they have to expend
resources to organize among themselves and assign responsibilities

Previous Page Blank
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to undertake actual water allocation and maintenance. The size of
the irrigated area, the number of cultivators involved, the distri-
bution of wealth, and the social and cultural differences among
cultivators affect their coordination costs and their abilities to de-
velop and sustain institutional arrangemerts that cax solve their
problems.

In this chapter, I first discuss collective outcomes as they are
found in the cases. The outcomes in these cases occur in a specific
pattern, an analysis of which enables one to draw inferences about
the relationships of the outcomes to one another. I then examine
how various physical and community attributes are associated with
different outcomes. Some of these attributes tend to be associated
with inferior outcomes. Others affect outcomes either positively
or negatively, depending on the configuration of other contextual
variables.

Water Supply, Rule Conformance,
and Maintenance

The performance of an irrigation system can be measured in various
ways. On the technical side, one may measure the marginal pro-
ductivity of the water used for irrigation or the proportion of water
loss through seepage during conveyance. Because time-consuming
technical surveys are needed to obtain them, these measurements
are absent from most case studies. Notwithstanding this lack of
technical information, most cases do report information regarding
the relative adequacy of water supply, level of maintenance, and
degree of rule conformance among cultivators in an irrigation sys-
tem. These outcomes can serve as rough measures of the relative
performance of an irrigation system.'

The evidence regarding these outcomes varies from case to case.
In some cases, the author discusses the outcomes specifically; in
others, inferences must be drawn from related discussions in the
case. The questions used in the coding forms to identify outcomes
covered three areas: adequacy, rule conformance, and maintenance.

1. Adequacy: At the end of this period, does the amount of
water available in the appropriation resource meet the water
requirements of the crops in the established fields served
by the resource?
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Because the principal objcctive of any irrigation system is to
supply water for agriculture, it is important for an irrigation sys-
tem to have enough water to meet the needs of crops planted by
appropriators of the system. The following excerpts are examples
of the authors’ assessment of the relative adequacy of water supply
in some case studies.

Cases in which the water supply is adequate:

Raj Kulo: There have been significant improvements made in the
canal, and the amount of water supplied to the command area has
increased considerably in the past 25 years, but there has been little
increase in the area that is irrigated. . . . Whereas they once had to
use a rotation system of distribution and go out to irrigate at night,
now the water flows continuously to all fields, and much of the
time, excess water is diverted to a drain. (Martin and Yoder 1983a,
24-25)

Cadchog: Our informants claim that their system’s water supply is
always sufficient for the irrigation needs. They explain that they can
always obtain adequate irrigation in spite of their being situated at
the downstream portion of the creek because the upstream dams do
not divert all the creek’s water. (de los Reyes et al. 1980a, 85)

Cases in which the water supply is inadequate:

Tanowong T: Over the years the inadequacy of the original irrigation
sources became more and more of a problem for three reasons: (nH
the expansion and increase in the number of terraces on the origi-
nal site, (2) the construction of new terraces along and below the
irrigation ditch which necessarily diverted water permanently, and
(3) the denuding through careless cutting and frequent fires of the
pine forest of the mountains in the environs of the streams which
served as the source of irrigation water. Gradually, therefore, more
and more of the original rice terraces, particularly those located in
the lowest tiers, were not adequately watered and thus became in-
creasingly unproductive, leading to their conversion to the growing
of sweet potatoes. (Bacdayan 1980, 177)

Dhabi Minor: The total amount of water available to each farmer is
severely limited; each season most farmers can irrigate only about
one-third of their land included in the canal service area. . . . Canal-
irrigation supplies have at least three types of uncertainty or unre-
liability with which the farmer must contend: the timing of water
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supplies during the season, the quantity of water to be received at
various times during the season, and in total, and the timing and
quantity of water received at various locations. This uncertainty is
in direct contrast to the farmer's allocated turn to receive water.
(Reidinger 1980, 269, 281-83)

As these examples show, elements such as the quantity of water
available from the source, the number and types of crops cultivated,
and the timeliness and reliability of the water supply schedules
jointly determine whether an adequate supply of water is available
in an irrigation system. Twenty-one cases, or 45 percent, indicate
an adequate supply of water (see Figure 4.1).

The coding on the level of water supply is affected by how an
irrigatior: system is initially defined. In some cases, irrigators in an
appropriation resource have access to water derived from a sepa-
rate water system. This separate system, when combined with the
original irrigation system, may provide sufficient water for culti-
vation. The water supply from the original system is considered

FIGURE 4.1 Positive Outcomes on Three Measures of
Irrigation System Performance (all 47 cases)

Adequate Rule Maintenance
water supply conformance
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inadequate, however, if the original system alone does not provide
sufficient water for cultivation. In Sananeri Tank, for example,
farmers rely primarily on water from the surface irrigation system.
In times of water scarcity, they have access to groundwater through
pumpsets that are owned and operated privately by individual farm-
ers. Because these pumpsets are operated and governed separately
from the surface irrigation system, they are not considered parts of
the surface system. The level of water supply from Sananeri Tank
is considered inadequate because farmiers cannot have enough wa-
ter for cultivation without supplements from the ground. Besides
Sananeri Tank, there are two other cases in the sample —Char Hazar
and Amphoe Choke Chai— where farmers are able to get sufficient
water for cultivation from water sources other than the original
irrigation systems. In these two cases, the levels of water sup-
plies from the original systems are still considered inadequate. The
presence or absence of alternative sources of waler affects farmers’
incentives to cooperate with one another. The relationships between
alternative water sources and collective action are discussed later
in this chapter.

2. Rule conformance: Do most irrigators follow the local
operational-level rules-in-use related to this appropriation
resource in years when there is no extreme shortage?

Operational rules are important means of coordinating water al-
location and maintenance among appropriators. The willingness of
most appropriators regularly to follow them reflects the viability of
these rules as coordinating devices. The following are examples
of evidence for these outcomes in some case studies.

Cases in which most appropriators follow operational-level rules
in use:

Pinagbayanan: In the dry season, the members paid their obligations
in cash rather than in kind. ... The total collection amounted to
P5971. ... The association was then able to repay its P10000 loan
from the rural bank of Pila. This was a remarkable achicveiicat and
it attests to thie members’ concern for living up to their commitments
in a cooperative way. (Cruz 1975, 255)
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Deh Salm: During a three-month field season, I did not encounter
any case of one individual infringing upon the rights of another by
keeping the water flow beyond the time limit of his share. [ was
told it never happened, and I deduce that it is in every individual's
interests to keep the system working smoothly. (Spooner 1974, 44)

Cases in which substantial numbers of appropriators fail 1o fol-
low operational-level rules in use:

Char Hazar: The indigenous farmers’ irrigation organization has
begun to deteriorate. Traditional rules and regulations are no longer
followed, and maintenance tasks are not performed as well as in
previous years. (Fowler 1986, 59)

San Antonio !: The association officials instructed the watertender to
rotate the distribution of water. . .. This arrangement was observed
only for 2 days, however. All of the farmers disregarded the schedule
after one of the upstream farmers diverted some water on the second
night. (de los Reyes et al. 1980b, 53)

Thirty of the cases, or 64 percent, indicate that most appropriators
follow operational rules in use.

3. Maintenance: At the end of this period, is the appropriation
resource well maintained?

Besides the care taken by the appropriators, a wide diversity of
elements affects the raintenance of an irrigation system. These
may include the initial construction and physical environment of
the system and the financial and technological capabilities of the
irrigators. One must take these elements into account when de-
termining whether an appropriation resource is well maintained.
Examples of evidence for this outcome from specific case studies
follow.

Cases in which the appropriation resource is well maintained:

Na Pae: Because the canal bank is strong and built firmly with
rocks, Na Pae members seldom have maintenance problems. How-
ever, in some sandy areas where the bank easily slips, there has been
trouble before the bank was repaired with concrete. . . . Since the ir-
rigation system is small and has never been threatened by a natural



Collective Qutcomes 55

catastrophe, it requires relatively little work; one good maintenance
effort a year is able to keep the system in good working condi-
tion. ... A few locations along the canal have persistent problems of
sand slides and leaking, but when people repair the canal bank with
cement the problem is permanently solved. (Tan-kim-yong 1983,
209, 217-18)

Thulo Kulo: Over the years, improvements have been made to the
main caral, significantly increasing the total flow in the system. . .,
Improvements in the canal have been made on an almost annual
basis. This has resulted in increased discharge from a mere trickle
in 1932 when the canal irrigated only a few small plots, to a maxi-
mum discharge of 180 liters/second in 1982. The average discharge,
measured in the main canal on a twice daily basis over the 1982
rice season, was 160 liters/second. (Martin and Yoder 1986, 10)

Cases in which the appropriation resource is poorly maintained:

Gondalpur: At the time of the study (1976-1977), the level of
maintenance of all the branches on the watercourse was extremely
poor. . . . For some years after the installation of the tubewell, there
was no perceived shortage of water. According to informants this
led to a decrease in maintenance efforts, atrophying the already
weak sanctions enforcing participation in watercourse cleaning. . ..
The watercourse on all branches was choked with grass, bushes,
and trees; leaked through rat holes, thin banks, and at Jjunctions;
and water remained standing in many low sections after irrigation.
(Merrey and Wolf 1986, 35)

San Antonio I: The system’s main canal had deteriorated. For in-
stance, the areas of the canal where the riprapped portions begin
and end had become wider and deeper; hence, the water would
collect into some sort of a pool along these portions of the canal
and consequently, the water that flowed after each riprapped portion
decreased. Also, at about 3/4 kilometer away from the dam, the
water fell into a drop. Here the water formed a sort of basin, and
from this point only a portion of the water continued toward the
downstream portion of the canal. ... At the start of the third crop
scason, the canal conditicns had worsened and the volume of water
reaching the downstream area reduced to a trickle. (de los Reyes et
al. 1980b, 52-53)

Thirty-three of the cases, or 70 percent, indicate that the appro-
priation resource is well maintained.
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Patterns of Outcomes. Level of water supply, degree of rule
conformance, and maintenance are closely related to one another.
An adequate supply of water encourages a high degree of rule
conformance and maintenance, and vice versa. Within the sample
of cases, these three outcomes are associated with one another in
a pattern that resembles a Guttman scale. In a Guttman scale, the
component items can be arranged in a systematic and cumulative
fashion so that there is “a continuum that indicates varying degree
of the underlying dimension” (Nachmias and Nachmias 1987, 475).
By employing this property of Guttman scales, one can predict the
sequence of collective outcomes generated in irrigation systems.
The Guttman scale as shown in Table 4.1 can be interpreted in
two complementary ways. One interpretation holds that the out-
comes are arranged cumulatively along a continuum of increasing
degree of difficulty. Sorre outcomes are more difficult to attain
than others: A case that is characterized by a difficult outcome will
usually be characterized by a less difficult outcome, but not vice
versa, Within the sample of cases, an adequate supply of water
is the most difficult to attain. The degree of difficulty is followed
by a high degree of rule conformance and good maintenance. Forty-

TABLE 4.1 Three Measures of Irrigation System
Performance Arranged on a Guttman Scale

Adequate

Good Rule water Number
maintenance conformance supply of cases

yes yes yes 21

yes yes no 8

yes no no 4

no no no 13

no yes no 1

Total = 47

CR (coefficient of reproducibility) = 1 — 1/47X3 = 0.99
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six of forty-seven cases conform perfectly to the scalable pattern.
The coefficient of reproducibility, which measures the degree of
conformity to a perfect scalable pattern, is 99 percent.

If the pattern is perfect, an irrigation system witk. a high degree
of rule conformance will also be well maintained; a case with an
adequate supply of water will have both a high degree of rule
conformance and good maintenance. All twenty-one cases with
adequate supplies of water are characterized by both high degrees
of rule conformance and good maintenance (see Table 4.2). Among
these cases, the three outcomes tend to reinforce one another. On
the one hand, an adequate supply of water encourages appropriators
to cooperate in water allocation and maintenance. On the other
hand, high levels of rule conformance and good maintenance enable
irrigators to further develop and preserve their water supplies.

The Guttman scale also shows that even in cases characterized
by good maintenance and a high degree of rule conformance, the
supply of water may still be inadequate. Of the twenty-nine cases
with a high degree of rule conformance and good maintenance,

TABLE 4.2 Rule Conformance and Maintenance by
Adequacy of Water Supply

Adequate Inadequate
.7ater supply water supply Total

Cases rated positive in both

rule conformance and 100% 31%
maintenance 21 8 29
Cases rated negative in either
rule conformance or 0% 69%
maintenance or both 0 18 18
100% 100%
Total 21 26 47

Percentage difference = 69%
Chi-square with continuity correction factor = 20.7
D.E = 1| P < 0.0001
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eight are characterized by an inadequate supply of water (see Table
4.2). These eight cases show that even if appropriators cooperate in
rule enforcement and maintenance, an appropriation resource may
still have an inadequate supply of water. Water scarcity may bc a
result of constraining factors other than the appropriators’ failure
to enforce rules and maintain appropriation resources.

Nayband, for example, is an oasis on the Iranian Plateau that
has plenty of land but a limited supply of water from nearby
springs. Water inadequacy is an environmental constraint be-
yond trrigators’ immediate control. Other examples are Kottapalle,
Sananeri, and Nam Tan Watercourse, all of which are located
in complex bureaucratic irrigation systems. In these systems, the
amount of water available to an appropriation area is affected by
such factors as the location of the area within the larger system and
decisions by officials responsible for releasing waier from the main
canal to the area. These factors are beyond the immediate control
of the irrigators withdrawing water from the appropriation area. In
some situations the level of water supply may not be a pertinent
indicator of the success or failure of collective action by appropri-
ators. The adequacy of water supply can therefore be treated as a
contextual attribute that affects the structure of incentives facing
appropriators.

Another interpretation of the Guttman scale in Table 4.1 holds
that problems in irrigation systems are arranged cumulatively along
a continuum of increasing severity. If a more severe problem is
present, the less severe ones are usually also present, but not vice
versa. In other words, problems in irrigation systems usually ap-
pear in a specific sequence: First, the water supply is scarce or
poorly matched to the standing crops; then, more and more irri-
gators fail to follow allocation and maintenance rules; and finally,
the maintenance of the appropriation resource begins to deterio-
rate. If an appropriation resource has an adequate supply of water,
it will seldom have problems in rule conformance or maintenance.
If problems do occur in an appropriation resource, water scarcity
is usually the first to emerge; if additional problems follow, they
will be in the areas of rule conformance and maintenance.

Within the sample, all eighteen cases with problems in mle con-
formance or maintenance are also characterized by an inudequate
supply of water (see Table 4.2). Although one cannot infer from the
pattern that all problems in rule conformance and maintenance are
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caused directly by water scarcity in an appropriation resource, water
scarcity appears to be a major cause of these problems in many in-
dividual cases. In these cases, it is also the first problem to emerge,
subsequently inducing conflict among appropriators and affecting
their willingness to follow allocation and maintenance schedules.
A case in point is San Antonio of the Philippines, where water
shortage created a high level of conflict among appropriators and
eventually reduced the ability of the irrigation association to enforce
its allocation and maintenance rules. Another example is Mauraro
of the Philippines, where farmers routinely pierced the canal em-
bankment to increase the flow of water to their fields, thus making
it more difficult to maintain the irrigation system.

According to the Guttman scale, cases with an inadequate sup-
ply of water may or may not have problems in maintenance and
rule conformance. In eight of the twenty-six cases with inade-
quate supplies of water, most irrigators still follow operational rules
in use and maintain their appropriation resources well (see Table
4.2). This shows that irrigators may be able to overcome obstacles
for collective action created by water inadequacies. Indeed, Wade
(1988a) found that the more scarce and uncertain the water supply
is in south India, the greater is the likelihood that a community
of cultivators will develop collective arrangements to manage :heir
watercourse. One of the reasons why cultivators in south India will
organize in a sitaation of water scarcity is that they can influence
the amount of water available in their village by concerted actions
such as bribing officials and intimidating upstream stealers. Water
scarcity, in this particular case, acts as an additional incentive for
cultivators to get organized.

On the other hand, if farmers do not have much chance of in-
creasing their water supply, an inadequate supply of water may
reduce their incentives to organize for allocation and maintenance.
This is probably the case in the Philippine irrigation system to
which Wickham and Valera (1979) refer when they argue that in or-
der to induce farmers to cooperate in managing their watercourses,
an effective systemwide management program is a prerequisite.
Their argument implies that if farmers do not have much influ-
ence on the amount of water that flows into their watercourse,
they have less incentive to cooperate than if they have a reli-
able and adequate flow of water into their watercourse in the first
place.
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However the Guttman scale is interpreted, the pattern of out-
comes identified in the sample indicates that the chance of having a
high degree of rule conformance and good maintenance is smaller
in systems with inadequate supplies of water than in those with
adequate supplies. Although irrigators’ failure to organize water
allocation and investment may adversely affect the level of wa-
ter supply in an appropriation resource, an inadequate supply of
water may, conversely, hinder collective action among irrigators.?

Distribution of Benefits and Costs

An additional performance indicator of an irrigation system is the
distribution of benefits and costs among its appropriators. One
question was used on the coding forms to identify this outcome:

* Disadvantaged: Are there any appropriators who have been
consistently disadvantaged in this period?

Few irrigation systems benefit all irrigators equally because dif-
ferent irrigators may cultivate different amounts of land. Instead of
asking whether every irrigator gets an equal amount of water, one
may inquire whether some groups of irrigators consistently get a
disproportionately smaller amount of water to cultivate their crops
or provide a disproportionately larger number of investments than
others. Fourteen of thirty-seven cases, or 38 percent, indicate that
some appropriators have been consistently disadvantaged in this
sense (see Table 4.3).

A group of appropriators may be consistently disadvantaged in
two wavs. One involves a common problem in most canal irrigation
systems where headenders have a natural advantage over tailenders
in their access to water. If the supply of water in the appropriation
resource is limited and most appropriators fail to follow allocation
procedures and maintain the water delivery facilities, tailenders are
likely to get less water than headenders. Ten out of fourtcen cases
that report the presence of a disadvantaged group of appropriators
appear to fall into this category (see Table 4.3). All ten cases are
characterized by an inadequate supply of water and problems in
rule conformance or poor maintenance. Lowdermilk, Clyma, and
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TABLE 4.3 Rule Conformance and Maintenance by
Disadvantaged Groups

Vithout With
disadvantaged disadvantaged
groups groups Total
Cases rated positive in both
rule conformance and 87% 29%
maintenance 20 4 24
Cases rated negative in either
rule conformance or 13% 71%
maintenance or both 3 10 13
100% 100%
Total 23 14 37

Percentage difference = 58%
Chi-square with continuity correction factor = 10.6
D.E =1 P < 0.01

Early, for example, describe the situation in Punjab Watercourse as
follows:

Given the present system with losses resulting from seepage, dead
storage, countless leaks and spills along watercourses at improper
elevation along unlevel fields, there is actually a built-in mechanism
creating mini-type economic dualism between watercourse users lo-
cated at the head and tail positions. The farmers who own land at
the tail are always at a disadvantage for canal water, (1975, 27)

If the problems with water supply, rule conformance, and main-
tenance in these watercourses are alleviated, the position of the
tailenders will improve considerably.

In certain irrigation systems, some irrigators are consistently dis-
advantaged as a result of institutional arrangements instead of prob-
lems in water supply, rule conformance, or maintenance. Four of
the fourteen cases that report the presence of a disadvantaged group
of appropriators fall into this category (see Table 4.3). One exam-
ple is Kheri in Tanganyika—now Tanzania—where appropriators
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were divided into four groups. Two hereditary groups had absolute
priority to irrigation water. The other two groups had to purchase
water rights from the two hereditary groups. One of the hereditary
groups was responsible for managing the irrigation system and, at
the same time, acted as “the political rulers of the village with
powers to issue orders and constitute themselves a court of law”
(Gray 1963, 164). It appears that water privileges and political
powers in the village reinforced eacl, other.

Another example is Felderin in the Swiss Alps, where water
allocation is based on specific time slots owned by different indi-
viduals. In this system, “there are gross inequalities in amount or
water available per unit of land” (Netting 1974, 73). Arguing that
these inequalities are results of subdivisions of properties through
inheritance and sale, which at times led to exchanges and reappor-
tionment of water rights, Netting writes:

A rationalized system of water sharing is resisted by those who de-
rive advantage from the current arrangement. Convenient watering
periods during the day are valued, and owners are reluctant to ac-
cept other times. Though everyone recognizes that some unfairness
of distribution is perpetuated by the existing system, large owners
claim (1) that their water is as much a possession as the land and is
subject to similar inequalities in tenure, (2) that any reorganization
would be dreadfully complicated, and (3) such a project would in-
evitably arouse suspicion and animosity in all concerned. (1974, 73)

Some commentators are concerned that indigenous organizations
tend to perpetuate inequalities among farmers. They argue that the
decision-making processes in many of these communities are domi-
nated by the local elite. The poor and less influential farmers are
usually disadvantaged in their access to common-pool resources in
the communities. An examination of the sample, however, does not
support this contention. Only four out of twenty-three community
irrigation systems in the sample are characterized by institutional
arrangements that are specifically designed to favor one group of
irrigators over another.

Most bureaucratic irrigation systems are designed to supply water
to whoever cultivates crops in a particular area. No one is supposed
to be discriminated against by design. However, problems in water
supplies, rule conformance, and maintenance in many of these sys-
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tems put some of their irrigators, especially the poorer ones who
cultivate only lands located in the tail portion of a watercourse,
into consistently disadvantaged positions.

Dependence on an Appropriation Resource

Irrigators frequently have to invest their private resources or forgo
some immediate, short-term benefits in order to follow and enforce
allocation and maintenance rules. Their incentives to contribute to
these investments may be affected by their degree of dependence on
the resource. Two questions in our coding forms indicate farmers’
relative dependence on an appropriation resource:

® [amily income: How dependent are most of the appropri-
ators on this appropriation resource as a major source of
family income? (That is, do most of the appropriators’ fam-
ily incomes come directly from cultivating crops irrigated
by the resource?)

® Alternatives: Do most appropriators have access to an al-
ternative source of water for irrigation?

In about half of the cases, most irrigators derive most of their
income directly from cultivating crops irrigated by the resource. In
the other half, most irrigators have other sources of income. These
alternative sources of income include cultivating crops irrigated by
other water sources, raising livestock, and working at jobs outside
the agricultural sector. In 40 percent of the cases, most appropria-
tors have access to alternative: sources of water for irrigation. These
sources include groundwater basins and other surface resources.

Within the sample, neither the availability of alternative sources
of income nor the availability of alternative sources of water appear
to be related to rule conformance and maintenance (see Tables
4.4 and 4.5). These results suggest either (1) that farmers’ degree
of dependcnce on an appropriation resource does not affect rule
conformance and maintenance or (2) that their effects could be
either positive or negative depending on other contextual factors.

Some of the case studies illustrate how appropriators’ degree of
dependence on an appropriation resource affects their incentives to
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TABLE 4.4 Rule Conformance and Maintenance by
Family Income

Most of Half or less of
family income family income
from resource  from resource Total

Cases rated positive in

both rule conformance 68% 58%
and maintenance 15 11 26
Cases rated negative in
either rule conformance 32% 42%
or maintenance or both 7 8 15
100% 100%
Total 22 19 41

Percentage difference = 10%
Chi-square with continuity correction factor = 0.13
DE =1 P> 0.5

cooperate under various circumstances. Near Char Hazar in Nepal,
for example, a new irrigation system was constructed from which
water leaked to the Char Hazar system. Farmers in Char Hazar
gradually became dependent on the leakage water. Now, most farm-
ers are no longer willing to follow traditional rules and maintenance
schedules. The experiences of Char Hazar show that if farmers believe
they can get enourh water from an alternative source without any ex-
traeffort, they will have less incentive to cooperate in water allocation
and maintenance.

The presence or absence of alternative water sources also af-
fects farmers’ strategies in various water zones within the Lam
Pra Plerng Irrigation Project—a bureaucratic irrigation system—in
Thailand (Gillespie 1975). Zone One (Kaset Samakee), located at
the head end of the system, had a reliable supply of water and
no alternative source of water. Most farmers in the zone followed
water allocation schedules and participated in maintaining ditches.
This zone coritrasts with the other six zones of the system that were
plagued by problems of water allocation and maintenance. In two
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TABLE 4.5 Rule Conformance and Maintenance by
Alternative Water Supply

With Without
alternative alternative
water supply  water supply  Total

Cases rated positive in

both rule conformance 53% 58%
and maintenance 9 14 23
Cases rated negative in
either rule conformance 47% 42%
or maintenance or both 8 10 I8
100% 100%
Total 17 24 4]

Percentage difference = 5%
Chi-square with continuity correction factor = 0.001
D.E =1 P>0.5

of these zones, located at the tail end of the system, farmers also
depended on water from the system, but the supply reaching the
zones was both erratic and limited. In the other four zones, located
at the middle part of the irrigation sysicm, farmers usually received
sufficient water from the natural flooding of rivers and did not
depend entirely on water from the system. In the words of Gillespie:

With the introduction of the new irrigation system, Zone One re-
ceived a dependable supply of water. The farmers took advantage of
this and began planting paddy. The higher incidence in Zone One
of farmers cleaning their farm ditches when water is scarce may
therefore be related to their comparative dependence on irrigation
water, since they have no alternative sources. Moreover, the gener-
ally porous nature of the soil necessitates the distribution of water
as quickly as possible, for the longer it takes to distribute the water
the moie is lost by seepage. If water can not flow casily through
the ditches because of silt or weeds, the farmers are compelled to
keep them clean. (1975, 7)
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It appears that tie absence of alternative water sources, in
combination with a reliable supply of water and extra efforts re-
quired to keep the water flowing in the channel, created power-
ful incentives for farmers in Zone One to cooperate in water
allocation and maintenance. As shown by the two tail-end zones
in the system, farmers dependent on water from an appropria-
tion area may not have incentives to organize in water allocation
and maintenance if they have a highly unreliable supply of wa-
ter in the first place. The four zones located in the middle part
of the system show that if farmers have access to an inexpen-
sive, alternative source of water, they may not have much incen-
tive to cooperate in governing and maintaining their appropriation
resource.

Sananeri in India is another case in which the availability of an
alternative source, well water, appears to have both positive and
negative effects on farmers’ incentives to govern their surface water
system (Meinzen-Dick 1984, 62-72). On the one hand, irrigators’
potential access to well water encourages them to cooperate in
maintaining and securing more water for their surface system. Be-
cause it is relatively expensive to extract water from the ground, ir-
rigators have incentives to keep the field channels clean and in good
repair in order to move the high-value well water through these
channels as efficiently as possible. The availability of well water
also helps to ease tension among appropriators when the water sup-
ply in the surface system is scarce. On the other hand, groundwater
also creates a potential conflict of interest among irrigators. Well
owners want the irrigators’ association to use its resources to lobby
for more frequent water issues from government officials (in order
to replenish the water basin). Irrigators without wells may, however,
be unwilling to share those expenses from which they receive little
direct benefit. In spite of this negative effect, an alternative water
source, on balance, facilitates cultivators’ cooperation in governing
Sananeri.

The experiences of these cases suggest that the degree to which
farmers depend on an irrigation system does not directly affect their
collective action in irrigation systems. A high degree of dependence
on an irrigation system may increase or decrease farmers’ incentives
for cooperation, depending on the configuration of other contextual
factors.
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Irrigated Area and Number of Irrigators

Although the information-gathering, communication, decision-
making, and monitoring costs for governing a resource tend to
increase as the size of the resource increases, large resources are not
doomed to failure. Depending on the geographical and hydraulic
environments, it may be more economical to develop irrigation
systems and watercourses that serve large numbers of fields and
irrigators. Appropriate institutional arrangements can help to solve
coordination problems in large irrigation systems and appropriation
resources.

Three questions in our coding forms are used to assess this di-
mension of a case:

® Appropriation size: At the end of this period, how many
hectares of fields are irrigated by the appropriation re-
source?

®  Number: At the end of this period, what is the number of
appropriators utilizing the appropriation resource?

® System size: How many hectares of fi-lds are irrigated by

the entire irrigation system, including production, distribu-
tion, and appropriation resources?

As discussed in Chapter 3, a simple irrigation system consists
of only one appropriation resource. For this kind of case, appro-
priation size and svstem size are the same. A complex irrigation
system consists of multiple appropriation resources. For this kind
of case, appropriation size and system size are different.

Within the entire sample of cases, the amount of land and num-
ber of irrigators served by an appropriation resource fail to show
a strong relationship with the level of rule conformance and main-
tenance in the resource (Table 4.6). Within the sample of complex
cases, the total amount of land served by a system also fails to show
a significant relationship with the degree of rule conformance and
maintenance in its appropriation resource (Table 4.7). Even though
coordination costs tend to increase as the numbers of fields and ap-
propriators increase, appropriators are still capable of overcoming
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TABLE 4.6 Logit Estimates of the Relationship between
Rule Conformance and Maintenance and
Measures of Appropriation Resources

Variables Coefficient t-score
Dependent:
Rule conformance and maintenance®
Independent:
Hectares of field irrigated
by the appropriation resource 0.0036 1.70°
Number of appropriators utilizing
the appropriation resource —0.0006 0.54¢
N =37

R-square = 0.096

Adjusted R-square = 0.04

a. Positive in both rule conformance and maintenance = 1;
negative in either rule conformance or maintenance or both = 0.

b. P > 0.05

c. P>0.5

these costs and successfully organizing their water allocation
and maintenance activities in irrigation systems and appropriation
areas of substantial sizes. Kottapalle in India, for example, is
an appropriation area that serves about 500 hectares of land and
800 irrigators. Another example is El Mujarilin in Iraq, which
serves more than 300 hectares of land; the irrigation system
where El Mujarilin is located serves more than 200,000 hectares
of land.

Social and Cultural Divisions

If a community of irrigators is divided by ethnic, cultural, clan,
racial, caste, or other social differences that inhibit communication,
the costs of organizing collective action within the community will
be higher than in those without divisions. One question was used
to identify this attribute:
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TABLE 4.7 Logit Estimates of the Relationship between
Rule Conformance and Maintenance and System
Size among Complex Systems

Variables Coefficient t-score

Dependent:
Rule conformance and maintenance®

Independent:
Hectares of field irrigated
by the entire irrigation
system -0.0000 -0.93%

N=12

R-square = 0.38

Adjusted R-square = 0.31

a. Positive in both rule conformance and maintenance = |:
negative in either rule conformance or maintenance or both = 0.

b. P >0.1

® Cleavages: Are there any ethnic, cultural, clan, racial,
caste, or other differences among the appropriators that may
affect their capacities to communicate with one another
effectively?

In the sample, seven cascs (two community and five bureaucratic
cases) are reported to have divisions among irrigators that inhibit
their communication with one another. The two community cases
are characterized by both a high degree of rule conformance and
good maintenance; the five bureaucratic cases are characterized by
both a low degree of rule conformance and poor maintenance.

Chiangmai is an appropriation resource located in a complex
community irrigation system in Thailand. Farmers within the
Chiangmai village are divided into two major factions. Although
this division has created numerous conflicts among farmers in the
village, they are able to cooperate on irrigation matters.

In Deh Salm, a community irrigation system in the Iranian
Plateau, six brothers from outside the village purchased water
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shares of the system and financed the improvement of the ganat
(tunnel) that diverts water to the appropriation area. After that, they
gained rights to cultivate land in the village. Later “some of the
brothers . . . sold out, and others or their heirs. . .settled on one
side of the village and [became] resident cultivators, performing
some, if not all, of their own cultivation” (Spooner 1974, 53). Al-
though these people have become residents in the village, they are
not considered members of the community. The division between
members and non-members in the village does not, however, under-
mine the functioning of the system, because its operation and main-
tenance usually do not require much active involvement and contri-
butions by the irrigators. Unless the ganat is damaged by extreme
circumstances, the entire irrigation system does not require much
maintenance. Water is allocated according to water shares that cor-
respond to specitfic time slots in a distribution cycle. This allocation
arrangement is self-enforcing because every sharcholder has incen-
tives to guard his own time slots. As long as the ganat requires
no major repair, the irrigation system remains viable in spite of the
social division in the village.

Five of the bureaucratic cases (Area Two Watercourse,
Gondalpur Watercourse, Dakh Branch Watercourse, Dhabi Minor
Watercourse, and Punjab Watercourse), all located in either India
or Pakistan, are reported to have communication problems due to
social divisions among their participants. In many parts of India
and Pakistan, farmers are divided into various caste and subcaste
groups, which are further subdivided into kinship or brotherhood
groups (Merrey and Wolf 1986: Lowdermilk, Clyma, and Early
1975). Although these divisions may not inhibit communication
and cooperation among farmers in every irrigation system in the
two countrics, they do make cooperation among irrigators in these
five cases more difficult. All five cases are characterized by inade-
guate supplies of water, poor maintenance, and low levels of rule
conformance among irrigators.

The cleavages among biradaris (kinship groups) in some Pak-
istani communities are reinforced by the cultural concept of izzart
(Merrey and Wolf 1986). {zzart may be translated variously as
honor, esteem, or fuce. People regard the izzart game as zero-sum
in nature, meaning that one acquires izzart only at someone else’s
expense; “the success of onc person is a threat to all the other
players, a characteristic that generates competition and jealousy”
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(Merrey and Wolf 1986, 38). The concept of izzart may be ap-
plied at both an individual and a group level. Many disputes in the
Gondalpur, for example, stem from izzart games among biradaris.
There is a feeling that the izzart of a biradari must be protected. If
the izzart of a member is hurt by a person from a different biradari,
other close kinsmen are obliged to unite against the offender. The
concern for izzart hinders cooperation among irrigators:

Men oppose or support decisions and programs based on their per-
ceptions of their competitors® position. For example, even though all
farmers suffered the exactions of a corrupt tubewell operator, they
did nothing because, informants ¢xplained, if one man or group
proposed petitioning for his removal, others would oppose. This
would be done not out of love for the tubewell operator but to pre-
vent the others from gaining some advantage from the issue or to
pursue some long-standing grudge. This can be carried further: the
non-cooperative behavior of [a biradari] on branch A during the
watercourse reconstruction was interpreted by informants as based
on a desirc to prevent others from benefiting—even if it means
foregoing their own potential benefits. (Merrey and Wolt 1986, 39)

Before the British rule, these kinds of conflict were mostly
avoided by organizing social activities in small groups. Ancestors
of the Gondalpur farmers were cattle herders and part-time farmers.
The society was characterized by relative mobility of individuals
and families; people moved around in small groups. This disper-
sion of the population helped to avoid conflict that would otherwise
be rampant. After the irrigation system was c¢ i.tructed under the
British rule, people began to settle down and became full-time
farmers. The irrigation system creates situations that require coop-
eration among many farmers. Traditional cleavages among them,
however, become obstacles to their cooperation.

In some other cases, institutional arrangements are developed
to mitigate potential conflict in larger groups. In Punjab Water-
cou :, for instance, informal water turn schedules within the
watercourse are adjusted to follow family lines in order to minimize
disputes (Lowdermilk, Clyma, and Early 1975, 40). Other coop-
erative ventures such as the ownership and operation of jalurs—
persian wheels used for lifting water from a shallow depth— within
the watercourse arc usually organized among kinship members.
Although kinship groups occasionally exchange water turns, their
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cleavages remain a potential obstacle for cooperative actinns on a
larger scale.

Distribution of Wealth

The distribution of wealth among irrigators may affect their collec-
tive action in water allocation and maintenance. One question was
used on our forms to identify this attribute:

Income vartance: What is the variance of the average an-
nual family income across families among appropriators?

In the sample of cases, a low variance of the average annual family
income among irrigators tends to be associated with a high degree
of rule conformance and good maintenance. A higher percentage
of the cases with low income variance is characterized by both a
high degree of rule conformance and good maintenance than of the
cases with high income variance (Table 4.8).

TABLE 4.8 Rule Conformance and Maintenance by
Income Variance

Low Moderate High
income income income
variance variance variance Total

Cases rated positive in

both rule conformance 39% 75% 17%

and maintenance 8 9 1 18
Cases rated negaiive in

either rule conformance 11% 25% 83%

or maintenance or both 1 3 5 9

100% 100% 100%

Total 9 12 6 27
Chi-square = 9.1

DE =2 P < 0.05
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This result, however, has to be treated cautiously. Few cases in
the sample specifically discuss how the distribution of wealth af-
fects cooperation among irrigators. Only twenty-seven of the cases
provide enough information to estimate roughly the degree of in-
come variance among irrigators. Because of the limited number of
cases available and the sketchy nature of the information, the test
of relationship between income variance and rule conformance and
maintenance is merely suggestive. Further, the relationship prob-
ably cannot be attributed to income variance alone because the
five cases with both high income variance and problems in rule
conformance and maintenance are all bureaucratic cases that are
also characterized by other features unfavorable to collective ac-
tion. High income variance is probably one factor among others
that create collective-action problems in these systems. The limited
nunber of cases available, however, prevents one from assessing
th-. relative importance of these factors.

Locational Differences

Locational differences are a major source of collective-action prob-
lems in many irrigation systems. As discussed earlier, locational
differences in conjunction with an inadequate supply of water, a
low degree of rule conformance, and poor maintenance may put
some irrigators in consistently disadvantaged positions. The in-
fluence of locational differences on farmers’ collective action in
irrigation is documented in some cases.

Depending on how plots are distributed along the main canal in
a watercourse, irrigators face different incentives for cooperation.
Mirza and Merrey (1979), in » study of ten watercourses in Paki-
stan, find that a watercourse is more likely to be well maintained
if power and influence are concentrated at the tail or at the tail and
middle of ihe watercourse. This is because the powerful and influ-
ential people have incentives to help organize water allocation and
maintenance activities in the watercourse so that sufficient water
can reach their “elds located in the middle and tail portions of the
watercourse.

In Kottapalle in India, the fields of any one household tend to
be scattered about the appropriation area (Wade 1988a). This pat-
tern of scattered plots is especially prevalent among farmers with
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large boldings. Although the pattern is partly a result of partible
inheritance, it is also a way to minimize risk. Lard in the area
is extremely variable “in soil type, sub-surface drainage, slope,
susceptibility to flash floods, and micro-climate” (Wade 19884, 47).
The possession of fields scattered throughout the village ensures
against the loss of all crops at the same time. Scattered holdings
also enhance collective action in irrigation: Farmers with land in
the head cna of the canal may have plots near the tail end; this
creaies a commoi interest in rules that facilitate water allocation
throughout the entire appropriation resource.

In some community irrigation systems, irrigators’ associations
adopt rules specifically to ensurc that members have fields in the
head, middle, and tail portions of the major canals. For instance,
within each watercourse in Zanjera Danum in the Philippines, land
along a lateral canal is divided into several blocks perpendicular to
the source of water (Coward 1979). The blocks thus represent dif-
ferential distances from the water source: Some are near the head
end of the canal, somr* near the tail end. Each of the blocks is
further divided into several parcels. Each share in the irrigation
system is tied to one parcel in each block, so that each share-
holder has to cultivate parcels at various distances from the water
source. This arrangement motivates all irrigators to help deliver
water throughout the entire watercourse. When there is not enough
water to irrigate an entire watercourse, decisions can be made to
discontinue irrigating some of the blocks. In this way, the burden
of water scarcity is borne by all irrigators proportionally.

Further, in Zanjera Danum, one or more parcels at the tail-end
portion of each watercourse are reserved for the irrigation leaders,
who are allowed to farm these parcels as a compensation for their
services to the irrigators. This arrangement encourages the irriga-
tion leaders to work diligently to deliver water efficiently from the
head to the tail of the watercourse.

Summary

The pattern of outcomes found in the sample of cases suggests that
an inadequate supply of water is a more cornmon problem in irriga-
tion than a low degree of rule conformance and poor maintenance.
Although the failure to organize water allocation and maintenance
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Causes water scarcity in some cases, there are also cases in which
water scarcity results from factors other than a low degree of rule
conformance or poor maintenance. Water scarcity can be caused by
various environmental and organizational problems that are beyond
the immediate control of irrigators. In these cases, the level f water
supply in an appropriation resource can be viewed as a contextual
variable that affects irrigators’ incentives to follow water allocation
and maintenance schedules. The chance of having a high level of
rule conformance and good maintenarce is higher in systems with
adequate supplies of water than in those with inadequate supplies
of water. Extra coordination costs caused by water scarcity appear
to be a major factor affecting collective action in some irrigation
systems.

An inadequate supply of water, low degree of rule conformance,
and poor maintenance aftect the distribution of benefits among ir-
rigators in some systems. In these systems, irrigators who cultivate
only land at the tail portion of an appropriation resource usually get
a disproportionately smaller amount of water than the headenders.
Active cooperation among all irrigators is important for ensuring
that no irrigator is consistently disadvantaged.

In the sample of cases, high income variance and the presence of
substantial social cleavages among appropriators appear to be con-
ducive to low degrees of rule conformance or poor maintenance.
This result, however, has to be treated cautiously because (1) a
rather small percentage of the cases report the presence of these
two attributes and (2) all the cases characterized by this combi-
nation of attributes and outcomes happen to be bureaucratic cases
that are also characterized by other features unfavorable for collec-
tive action. These two attributes are probably factors that, among
others, impose substantial constraints on irrigators’ attempts to or-
ganize collective action.

Other physical and community attributes including the farmers’
degree of dependence on an appropriation resource, the size of the
irrigated area, and the number of irrigators may affect the struc-
tures of incentives irrigators face and the kinds of institutional ar-
rangements needed to coordinate irrigators’ activities. Within the
sample of cases, these attributes fail to show any effect on the
level of rule conformance and maintenance in an appropriation re-
source. Individual cases, however, have documented how some
of these attributes combine with other factors to affect the level of
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TasLE 4.9

Outcomes and Physical and Community Attributes in Com:.iunity Irrigation Systems

NAME ADEQ RULE MAIN DISA INCO ALTE CLEA VARI SIZE NUMB
Mauraro no no poor yes h./1.# no no moderate 15 26
Chhahare Khola no no poor — — no - - 20 250
Naya Dhara no no poor - - yes no — 55 400
Char Hazar no no paor no most yes no — 200 —
San Antonio 1 no no peor yes h./1. yes no - 23 16
San Antonio 2 no no poor yes h./L. yes no — 7 5
Oaig-Daya no no good no h./1. no no low 100 86
Silag-Butir no yes good yes h./l. yes no - 114 35
Tanowong T no yes good no h./l. no no — — 200
Sabangan Bato no yes good no h./l. yes no — 94 97
Nayband no yes good no h./lL. no no low — 40
Calaoaan yes yes good — h./l. yes no — 150 71
Felderin yes yes good yes h./1. — no moderate  100/— 75
Khert yes yes good yes most no no moderate 260 130
Raj Kulo yes yes good yes most — no low 94 159
Saebah yes yes good - — — no — 100 90
Chiangmai yes yes good no most yes yes high —/— 167
Zanjera Danum Sitio yes yes good no most no no moderate  45/150 23
Tanowong B yes yes good no h./L no no — — 200
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Pinagbayanan
Thulo Kulo
Takkapala

Deh Salm

Bondar Parhudagar
Nabagram

Na Pae

Agcuyo

Cadchog

Silean Banua
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yes
yes
yes
yes
yes
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good
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good
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no
no

no
no
no
no
no
no
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most

h./L.
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most
most
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yes

no
yes

no
no
no
yes
no
no
no
no
no
no
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low

moderate
low

moderate
low

17
105
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80

61
50

200
206
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— = Missing in case.
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Disadvantaged (any a
Family income (famil

a. Half or less of family income.

Adequacy (adequacy of water supply)
Rule conformance (most appropriators follow rules)
Maintenance (maintenance of appropriation resource)

ppropriators being consistently disadvantaged)
y income derived directl
Alemnatives (access to alternative sources of
Cleavages (cultural or
Income variance (variance in the avera
Appropriation size/s
Nuinber (number of

y from cuhivating crops irrigated by appropriation resource)
water for irrigation)

social differences among appropriators)
ge annual family income among appropriators)

ystem size (size of appropriation resource in hassize of irrigation system in ha)
appropriators utilizing appropriation resource)
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cooperation among irrigators. The lack of strong associations be-
tween these attributes and certain outcomes in trrigation systems
does not necessaiiily mean that these attributes are irrelevant for
collective action in irrigation systems. They may produce opposite
effects, depending on the conhguration of other contextual factors.

Tables 4.9, 4.10, and 4.11 show the contigurations of outcomes
and physical and community attributes of all the forty-seven cases
discussed in this chapter. One may observe from these tables that
a wide diversity of configurations of physical and community at-
tributes are represented in the sample of cases. Cases sharing simi-
Jar physical and community attributes may be characterized by very
different outcomes. For instance, Mauraro has a pattern identical
to that of Nabagram in terms of their source of family income,
lack of alternative water sources, absence of social cleavages, and
moderate income variance (see Table 4.9). The outcomes of the
two cases, however, are very different.”

In conclusion, physical and community attributes create the set-
ting in which irrigators make choices and take actions in an attempt
to improve their welfare. Individuais are capable of shaping out-
comes in an irrigation system by constituting their own terms of
cooperation that take into account the constraints and opportuni-
ties created by these attributes. The experiences of some of the
cases, such as the one that requires farmers to cultivate fields in
the head, middle, and tail portions of the major canals, demon-
strate how institutional arrangements may be established to counter
potential perverse incentives created by some of these physical and
community attributes.
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TasLE 4.10 Outcomes and Physical and Community Attributes in Burcaucratic Irrigation Systems

NAME ADEQ RULE MAIN DISA INCO ALTE CLEA VARI SIZE NUMB
Gondalpur Watercourse no no poor yes most yes yes high 200/628.000 95
Area One Watercourse no no poor yes most no - high 50/628.000 50
Area Two Watercourse no no poor yes most no yes high 33/229.000 10
Dakh Branch Watercourse no no poor yes most yes yes high 152/— 56
Dhabi Minor Watercourse no no poor yes — no yes high 21/ — 60
Punjab Watercourse no no poor yes most yes yes moderate 96/ — 41
Amphoe Choke Chai no no poor no h./1.# yes no — 125/12.000 85
Area Three Watercourse no yes poor yes most no no moderate  115/33.000 460
Kottapalle no yes good no most no no moderate 500/ — 800
Nam Tan Watercourse no yes good no most — no low 100/2.046 40
Sananeri no yes good — most yes no moderate 173/1.172 150
Area Four ‘Watercourse no yes good no h./1. yes no low 150/67,670 300
Kaset Samakee yes yes good no most no no — 28/12.000 34
El Mujarilin yes yes good no h.1. no no moderate  307/208.820 38
ADEQ = Adequacy (adequacy of water supply)

RULE = Rule conformance (most appropriators follow rules)

MAIN = Maintenance (maintenance of appropriation resource)

DISA = Disadvantaged /~ny appropriators being consistentiy disadvantaged)

INCO = Family income (family income derived dircctly from cultivating crops irrigated by appropriation resource)

ALTE = Altemnatives (access to altemative sources of water for irrigation)

CLEA = Cleavages (cultural or social differences among appropriators)

VARI = Income variance (variance in the average family income among appropriators)

SIZE = Appropriation size/system size (size of appropriation resource in ha/size of irrigation system in ha)

NUMB = Number (number of appropriators utilizing appropriation resource)

— = Missing in case.
a. Kalf or less of family income.
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TasLe 4.11 Outcomes and Physical and Community Attributes in Other Irrigation Systems

NAME ADEQ RULE MAIN DISA INCO ALTE CLEA VARl SIZE NUMB
Hanan Sayoc no no good — h./1.2 no no — — 600
JLurin Sayoc | no no good — h./1. no no — — 400
Lurin Sayoc 2 no no good — h./l. no no - — 400
Diaz Ordaz Tramo yes yes good no most no — low  2/150 —
ADEQ = Adequacy (adequacy of water supply)

RULE = Rule conformance (most appropriators follow rules)

MAIN = Maintenance (maintenance of appropriation resource)

DISA = Disadvantaged (any appropriators being consistently disadvantaged)

INCO = Family income (family income derived directly from cultivating crops irrigated by appropriation resource)
ALTE = Alternatives (access to alternative sources of water for irrigation)

CLEA = Cleavages (cultural or social differences among appropriators)

VARI = Income variance (variance in the average annual family income among appropriators)

SIZE = Appropriation size/system size (size of appropriation resource in ha/size of irrigation system in ha)

NUMB = Number (number of appropriators utilizing appropriation resource)

— = Missing in case.
a. Half or less of family income.




CHAPTER FIVE

Institutional Arrangements
and Collective Action

Although physical and community attributes affect collective action
in an irrigation system, they seldom dictate its success or failure.
The long-term viability of an irrigation system depends on rules
that can accommodate bounded rationality and safeguard against
opportunistic behavior. Cultivators in some irrigation systems are
able to shape the structure of their situation by constituting rules
that take into account the constraints and opportunities created by
various physical and community attributes.

Diverse types of institutional arrangements have been docu-
mented in the cases. Although the case authors use different ter-
minology to describe institutional arrangements, it is possible to
translate the information they provide into a form that permits the
comparison of the structures of institutions across cases. As dis-
cussed in Chapter 2, institutional arrangements can be conceptual-
ized as rules that are distinguishable at least at two levels: opera-
tional and collective-choice.! Operational rules stipulate who can par-
ticipate as appropriators and providers; what the participants may,
must, or must not do: and how they will be rewarded and punished.
A second set of rules —collective-choice rules —stipulates the condi-
tions for adopting, enforcing, and modifying operational rules. The
distinction between these two levels of rules can serve as a start-
ing point for deciphering information about institutional arrange-
ments discussed in the case studies. By examining rule configura-
tions at each level, one can identify essential differences and simi-
larities underlying various action situations in irrigation systems.

81
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A systematic examination of information contained in the sam-
ple of cases reveals the richness and diversity of rule configurations
existing in the real world. In this chapter, I discuss some common
operational and collective-choice rules found in the cases. I also
examine how thesc rules affect outcomes in irrigation systems un-
der various circumstances and some of the factors that lead to the
emergence or adoption of these rules.

Operational Rules

Depending on their physical and community attributes, various irri-
gation systems pose different types of problems for cultivators. For
instance, cultivators in irrigation systems with inadequate supplies
of water and poor construction face serious collective-action prob-
lems in water allocation and maintenance. Four types of opera-
tional rules—boundary, allocation, input, and penalty rules—are
important means of coordinating irrigators in water allocation and
maintenance in these systems.

Boundary Rules. Boundary rules prescribe the requirements indi-
viduals have to meet before appropriating water from an appropria-
tion resource. They define the groups of individuals whose actions
will affect one another because of their common relationship to an
appropriation resource. Four boundary requirements appear most
frequently in the case studies:

1. Land: ownership or leasing of land within a specified lo-
cation

2. Share: ownesship or leasing of shares, transferable inde-
pendently of land, to a certain proportion of the water flow
or water delivery facilities

3. Membership: membership in an organization

4. Fee: payment of a certain entry fee each time before with-
drawing water

Except for a few cases that do not contain enough information to
determine, all cases in the sample are characterized by some forms
of boundary requircments. As shown in Table 5.1, uniformity ex-
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ists among bureaucratic irrigation systems and systems governed
by local governments: They all adopt land as the sole boundary
requirement.? There is, however, a great diversity of boundary re-
quirements among community irrigation systems. In this study, I
focus on two boundary requirements —land and shares.

Land and other boundary requirements. A boundary rule will fa-
cilitate cooperation among irrigators if it can limit the number of
appropriators to such a level that the demand for water does not
far exceed the supply. This is because, as discussed in Chapter
4, water scarcity is a major source of conflict in many irrigation
systems. Collective-action problems may be aggravated if more
cultivators or fields are entitled to receive water than the appropri-
ation resource can support. Many irrigation systems that use land
as the sole boundary requirement apparently fail to keep the num-
ber of irrigators within limits. As shown in Tables 5.2a and 5.2b,
cases that use land as the sole boundary requirement are character-
ized by a higher incidence of inadequate water supply, lower rule
conformance, and poorer maintenance than those that adopt other
combinations and types of boundary requirements.

In many of the cases that use land as the sole boundary require-
ment, water is supposed to be available to all plots within a defined
command area. Although this boundary requirement makes water
available to more individuals, there are often more irrigators than
the source of water can support. A formal policy goal of many
bureaucratic irrigation systems in south Asia is to deliver water to
as many farmers and as much land as possible. The official com-
mand areas in many of these irrigation systems, however, are much
larger than can be supported by the sources of water (Palanisami
1982; Repetto 1986). Irrigators in these systems face a high degree
of water scarcity and various water allocation and maintenance
problems.

In some bureaucratic cases, the government agencies involved
may not even have accurate information about their own systems.
As documented by Wade (1984), government officials in India have
incentives to misrepresent data about their irrigation systems. Of-
ficials in the Revenue Department like to report a smaller irrigated
area in order to justify collecting a smaller amount of revenue from
farmers. Those in the Irrigation Department like to report a larger
area in order to claim extra credit for their work. If policy makers
cannot have accurate data about the actual volume of water flow in
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TasLE 5.1

Boundary Rules Employed by Each Irrigation System

Requirements

Community systems

Bureaucratic systems

Other systems

Shares to rescurce
or flow

Shares + membership

Land

Deh Salm
Felderin
Nayband

Thulo Kulo

Pinagbayanan

Char Hazar*
Chhahare Khola*
Chiangmai
Mauraro*
Naya Dhara*
San Antonio 1*
San Antonio 2*
Tanowong T
Tanowong B

Amphoe Choke Chai*
Area One Watercourse*
Area Two Watercourse*

Area Three Watercourse*
Arca Four Watercourse
Dakh Branch Watercourse*
Dhabi Minor Watercourse*
El Mujarilin
Gondalpur Watercourse*
Kaset Samakee
Kottapalle
Nam Tan Watercourse
Punjab Watercourse*
Sananeri

Diaz Ordaz Tramo
Hanan Sayoc*
Lurin Sayoc 1*
Lurin Sayoc 2*
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Land + other requirements Calaoaan
(e.g., membership, Na Pae
fees, shares) Oaig-Daya*
Sabangan Bato
Zanjera Danum Sitio

Different requirements Bondar Parhudagar
applied to different Kheri
subgroups Nabagram

Raj Kulo

Silag-Butir
Silean Banua

* Denotes a case that is negative in either rule conformance or maintenance or both. Cases without asterisks are
positive in both rule conformance and maintenance.
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TABLE 5.2a Adequacy of Water Supply by
Boundary Rules
Land Other types
as the sole or combinations
boundary of boundary
requirement requirements Total
Adequate 19% 75%
water supply 5 12 17
Inadequate 81% 25%
water supply 22 4 26
100% 100%
Total 27 16 43

Percentage difference = 56%
Chi-square with continuity correction factor = 11.0
DE =1 P < 0.001

an irrigation system or about the actual amount of land it irrigates,
they can hardly be expected to deliver sufficient water to cultivators
in a timely fashion.

Transferable shares. A theoretically interesting boundary require-
ment is the ownership or leasing of shares that can be transferred
independently of land. The system of independently transferable
water shares tends to encourage efficient uses of water. Martin
and Yoder (1986), for example, compare two community irrigation
systems— Thulo Kulo and Raj Kulo—in Nepal. Irrigators in Thulo
Kulo have a transferable water share system. Farmers who want
water are free to purchase water shares from other farmers. Water
is therefore likely to go to those who value it the most. In Raj
Kulo, water rights during the monsoon rice season are restricted
to individuals who cultivate land in a certain part of the village.
Even though the supply of water has increased considerably in the
past decade, other farmers in need of water cannot benefit because
water rights are tied to particular plots within the original command
area and are not independently transferable. As a result of this in-
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TAELE 5.2b Rule Conformance and Maintenance
by Boundary Rules

Land Other types
as the sole or combinations
boundarv of boundary

requirement  requirements  Total

Cases rated positive

in both rule conformance 37% 94%

and maintenance 10 15 25
Cases rated negative

in either rule conformance 63% 6%

or maintenance or both 17 1 18

100% 100%

Total 27 16 43
Percentage difference = 57%
Chi-square with continuity correction factor = 11.0
D.E =1 P < 0.001

flexible boundary requirement, excess water is diverted to a drain
rather than used to cultivate crops outside the original command
area.

In spite of the efficient feature of transferable water rights, only
a few cases in the sample report the use of transferable water rights.
In four cases, transferable shares are the sole boundary requirement;
in another case, they are used in conjunction with membership (see
Table £.1). There are two possible reasons for the rarity of this form
of institutional arrangement. One possibility is that transferable wa-
ter rights are feasible only under very special circumstances. Glick
(1970), for example, argues that more technological control is usu-
ally needed to enforce the transferable rights system. The cases
in the sample, however, do not appear to support this argument:
The share arrangements in Deh Salm, Nayband, and Felderin work
effectively with little technological and organizational coutrol. In
all three systems, each water share corresponds to a fixed time slot
in a distribution cycle. Because all share owners know iheir time
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slots, they are supposed to divert water to their fields from certain
outlets during those periods.

In Thulo Kulo, a somewhat more sophisticated system is at work.
The water rights arraagement is accomplished through the use of
saachos—beams with several notches of equal depth but various
widths cut into the top. A saacho is “installed in a canal such that all
the water flows through the notches causing the flow to be divided
proportionally relative to the ratio of the widths of the notches”
(Martin and Yoder 1983a, 14). Adjusting the size of the notch lets
water be distributed to individual farmers according to the amounts
of water rights they hold. Although such an arrangement is more
sophisticated than the arrangements in Deh Salm, Nayband, and
Felderin, it requires only very simple construction and operating
procedures.

The second possible reason only a few cases report the presence
of transferable water rights is that some case authors may have

- failed to recognize the property rights arrangements in some of the
irrigation systems. Coward writes:

The simple technology of traditional irrigation works and the appar-
ent casualness with which they operate often mislead outsiders into
assuming that littie of value exists. The untrained observer can eas-
ily fail to extract from the rude weirs and rough canal structures the
sometimes intricate property relations which such prior investments
have created. (1986, 226)

The identification of property rights in irrigation systems is diffi-
cult not only for “the untrained observer” but also for experienced
researchers. Robert Yodes, for example, indicated that he was not
aware of the water share system in Thulo Kule until after he had
spent six months in the village.® Unless careful observation has
been made, the detailed property rights arrangements in an irriga-
tion systcm may not be re:dily apparent.

Allocation Rules. Whereas boundary rules prescribe the require-
ments one must fulfill before taking water from an appropriation
resource, allocation rules stipulate the procedures and bases by
which iudividuals can withdraw water from an appropriation re-
source. Allocation rules determine how much water one can get
and when one can get it. A wide diversity of water allocation rules
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can be found in the cases. Three types of procedures—fixed per-
centage, fixed time slot, and fixed order--are frequently used in
water allocation. Each may be based on different premises, such as
amount of land held, amount of water needed to cultivate existing
crops, number of shares held, location of field, or official discre-
tion. An allocation rule, for instance, may require each irrigator
to appropriate water in specific time slots. The length of the slot
assigned to each irrigator may be determined by the number of
water shares held; for example, the greater the number of shares
one holds, the longer the time slot to which one is entitled.

All of the cases in the sample, except for three, have some form
of allccation rules. Although the presence of allocation rules dces
not guarantee success, the three cases that lack allocation rules—
Mauraro, Chhahare Khola, and San Antonio 2—face various kinds
of water allocation and maintenance problems. All three cases have
an inadequate supply of water, and conflicts arise frequently among
appropriators in the absence of any allocation rules.*

Fixed time slots and other allocation procedures. 1In an irrigation
system, more than one set of allocation rules may be used for differ-
ent occasions. In many systems, a more restrictive set of allocation
rules is used during certain periods in a year and a less restrictive
set is used during other periods. Table 5.3 shows the most restric-
tive sets of rules used in the sample of cases. Among the three
types of procedures, fixed time slots are the most cominonly used.
Assigning irrigators fixed time slots may be an economical way of
distributing water. As discussed earlier, this method of distribution
is successful in Deh Salm, Nayband, and Felderin. In these Sys-
tems, all irrigators know their time slots, and each irrigator will
show up and divert water to his own plots from certain outlets when
his time slot begins.

This water distribution procedure, however, has a potentia; prob-
lem: If the water flow is erratic, an irrigator owning a share for a
particular time slot is still uncertain about his supply of water.
Dhabi Minor Watercourse, for example, is located in a bureau-
cratic irrigation system where irrigators are assigned time slotz in
different water distribution cycles within a watercourse. At the Sys-
tem level, water supplies to various watercourses are determined
by yet another water distribution cycle. Because of a lack of co-
ordination between distribution cycles at the two levels, an irrigator



TaBLE 5.3

The Most Restrictive Allocation Rule Employed by Each Irrigation System

Basis of water distribution

Official
Land/needs Shares Location discretion Other
Fixed “Raj Kulo” “Na Pae” San Antonio 1*
percentage “Thulo Kulo”
“Zanjera Danum Sitio”
Fixed Qaig-Daya* Deh Salm Calaoaan Chiangmai Lurin Sayoc 1*
time slots Naya Dhara* Felderin Kheri
Nayband “Na Pae” [Punjab Watercourse]*
[Area One Watercourse)* Pinagbayanan [Gondalpur Watercourse]*
[Area Three Watercoursej*
[Area Four Watercourse] Hanan Sayoc*
[Dhabi Minor Watercoursa]* Lurin Sayoc 2*

[Amphoe Choke Chail*
[Area Two Watercourse]*
[Area Three Watercourse]*
[Kaset Samakee]
[Nam Tan Watercourse]
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Fixed Sabangan Bato Cadchog Tanowong T Agcuyo

order Char Hazar Tanowone ™* Nabagram
{Kottapalle] Silag-Butir “Thulo z.0”
{Sananeri} *Zanjera Danum Sitio” *Raj Kulo”
No rule Chhahare Khola*
Mauraro*

San Antonio 2*

NOTE: Bureaucratic systems are shown in brackets. Cases that use more than one allocation rule are shown in quotation marks.

* Denotes a case that is negative in either rule conformance or maintenance or both. Cases without asterisks are positive in both rule
conformance and maintenance.
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TaBLE 5.4 Rule Conformance and Maintenance by Allocation Rules
Fixed time slots Other types or
as the sole combinations of
distribution distribution
procedure procedures Total

Cases ra:. ' positive

in both rule conformance 43% 93%
and maintenance 10 14 24
Cases rated negative
in either rule conformance 57% 7%
or maintenance or both 13 | 14
100% 100%
Total 23 15 38

Percentage difference = 50%
Chi-square with continuity correction factor = 7.7
DE =1 P < 0.0l

assigned a particular time slot may fail to get any water if no
water is scheduled to flow into the watercourse during that time.
Irrigators in Dhabi Minor Watercourse therefore face a high degree
of uncertainty about their water supplies, which in wn affects their
willingness to cooperate in water allocation and maintenance.

Cases using fixed time slots as the sole distribution procedure
are characterized by a higher incidence of problems in rule con-
formance or maintenance than those using other types or com-
binations of distribution procedures (see Table 5.4). Distributing
water by fixed time slots may require less administrative costs than
other distribution procedures. Serious collective-action problems
may, however, arise if the procedure is used without considering
whether it is compatible witii other institutional and physical at-
tributes of the appropriation resource. The example of Dhabi Mi-
nor Watercourse is a case in point. Within the sample, this kind
of incompatibility appears to arise mostly in bureaucratic irrigation
systems: Of the twelve cases that use fixed time slots as the sole
distribution procedure and have problems in rule conformance or
maintenance, eight are bureaucratic.
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Adjusting allocation rules to changes in supply. In some irriga-
tion systems, demands for water may temporarily exceed supplies
during dry seasons or some growth stages of the crops. Water allo-
cation rules in these systems may have to be adjusted in response
to changes in the balance between supply and demand. Within the
sample, nineteen cases are reported to have two sets of allocation
rules. All except one have more restrictive rules during times of
scarcity than during times of abundance. In some, appropriators are
permitted to withdraw water freely during periods of abundance;
some types of turns or time schedules are used when water gets
scarce. In Cadchog in the Philippines, for example, water flows
from the canal to plots through various take-off points. During
the wet season, all the take-off points are kept open most of the
time. Water is allowed to reach as many plots as the available
water flow will serve. During the dry season, a time of scarcity,
water is distributed in a certain order. The entire irrigated area is
divided into four sections, each of which takes turns in obtaining
water.

In some other cases, officials or monitors ktegin to exercise dis-
cretion in setting up time schedules or turns for water allocation
when the supply of water decreases. In Tanowong of the Philip-
pines, for example, irrigators are allowed to withdraw water freely
from the system during the rainy season when water is abundant.
During the dry season from February to April, eight to twelve wa-
ter distributors are selected by appropriators to *“take over the task
of systematically distributing the water as fairly as they can to the
different fields” (Bacdayan 1980, 176). The involvement of offi-
cials in water aliocation is a way to reduce conflicts or chances
of rule violations among irrigators. Provided that water distribu-
tors are held accountable to irrigators, irrigators can be relieved of
the trouble of having to spend time and energy guarding their own
water allotments against theft.

In Sananeri Tank in India, allocation rules are relaxed at times of
extreme water scarcity. Sananeri Tank is located in a large bureau-
cratic irrigation system. A water users’ association exists to govern
water appropriation activities from the tank. During most of the
year, appropriators are allowed to withdraw water from the tank
freely. In the dry season, six “water spreaders” appointed by the as-
sociation take over the water allocation job. These water spreaders,
however, stop distributing water whenever the water level in the
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tank is too low to irrigate the entire appropriation area. They will
notify the cultivators of the fact. After that, cultivators may take any
available water for their own use. In this situation, cultivators with
fields near the tank have an advantage in obtaining water over those
with fields farther away. Meinzen-Dick argues that this arrangement
reflects the principle that those who receive water should pay for
the costs of its acquisition:

If tank water cannot be used to serve the entire ayacut, it would
be unfair to those who did not receive water if common ayacut re-
sources were used to distribute water to the headenders. The switch
from collective to individual distribution ensures that all cultiva-
tors in the ayacut reccive roughly equal benefit from the water
distribution activities of the organization. This also lifts the bur-
den of expense and effort for applying water to the fields from the
association (all cultivators) to those who receive additional water.
(1984, 76)

This arrangement has not created too much conflict among irri-
gators in Sananeri because many irrigators have access to an alter-
native source of water—private wells; those who do not own wells
may purchase well water from those with electric pumpsets at an
hourly rate.

These cases show that different rules may be adopted to coordi-
nate water allocation under various circumstances. Even holding all
other conditions constant and allowing only changes in water sup-
plies, as within one appropriation resource, allocation rules have
to be adjusted from time t5 time to accommodate diffcrent degrees
of water scarcity.

Input Rules. Input rules stipulate the types and amounts of re-
sources required of each cultivator. There are four major types of
inputs an irrigator may be requirsd to contribute: (1) regular water
tax; (2) labor for regular maintenance; (3) labor for emergency
repair; and (4) labor, money, or materials for major capital invest-
ment. As shown in Table 5.5, regular water taxes are required of
irrigators in half the community cases, but in almost all bureaucratic
cases. The presence or absence of regular water taxes does not ap-
pear to have any definite effect on the outcomes of an irrigation
system. With a few exceptions, almost all the cases require some
labor inputs from irrigators. Direct labor inputs from irrigators may
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or may not solve maintenance problems in an appropriation re-
source, depending on whether the labor force is effectively crga-
nized and motivated to do the job.

Although capital investments are required in most community
cases, they are used in only half the bureaucratic cases. It appears
that irrigators in bureaucratic systems are more motivated to coop-
erate in water allocation and maintenance if they are involved in

TasLE 5.5 Input Rules Employed in Each Irrigation € stem
Water  Regular  F.aergency Capital
tax lahnr labor investment

COMMUNITY SYSTEMS

Mauraro* no yes no no
Chhahare Khola* no yes yes yes
Naya Dhara* no yes yes yes
Char Hazar* no yes yes no
San Antonio 1* yes yes yes yes
San Anionio 2* yes yes yes yes
Oaig-Daya* no yes yes yes
Silag-Butir yes yes yes yes
Tanowong T — yes yes no
Sabangan Bato no yes yes —
Nayband — - - -
Calaoaan no yes yes yes
Felderin no yes yes yes
Kheri yes yes yes —
Raj Kulo yes yes yes yes
Saebah - yes yes yes
Chiangmai yes yes yes yes
Zanjera Danum Sitio — yes yes —
Tanowong B - yes yes yes
Pinagbayanan yes yes yes yes
Thulo Kulo yes yes yes yes
Takkapala - yes yes yes
Deh Salm no no no no
Bondar Parhudagar yes yes yes yes
Nabagram yes yes yes -

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and
maintenance.

continued on next page
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TABLE 5.5 continued

Water  Regular  Emergency Capital
tax labor labor investment

COMMUNITY SYSTEMS
Na Pae no yes ves yes
Agcuyo - yes yes no
Cadchog no yes yes -
Silean Banua yes yes yes yes
BUREAUCRATIC SYSTEMS
Gondalpur Watercourse* yes yes yes no
Area One Watercourse* yes yes yes no
Area Two Watercourse* yes no no no
Dakh Branch Watercourse* yes yes yes no
Dhabi Minor Watercourse* yes no no no
Punjab Watercourse* yes yes yes no
Amphoe Choke Chai* yes yes yes ves
Area Three Watercourse* yes yes yes yes
Kottapalle yes no no yes
Nam Tan Watercourse yes - - no
Sananeri yes yes yes yes
Arca Four Watercourse yes yes yes yes
Kaset Samakee yes yes yes yes
El Mujarilin - yes yes yes
OTHER SYSTEMS
Hanan Sayoc* - yes yes —
Lurin Sayoc 1* - yes yes -
Lurin Sayoc 2* - yes yes —
Diaz Ordaz Tramo yes yes yes no

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and

maintenance.

capital investments in their own appropriation resources. Five of the
seven cases that require irrigators to contribute capital investments
are characterized by both a high level of rule conformance and good
maintenance. Only one of the seven cases without requirements for
capital investments is characterized by both a high level of rule
conformance and good maintenance.
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Bases for Labor Irputs.  Two major types of rules for labor inputs
can be identifiea. One type simply requires equal contribution from
all the appropriators. The other requires labor inputs from appro-
priators roughly in proportion to the benefits each obtains from the
resource (for example, proportional to one’s share of the resource,
to the amount of land cultivated, or to the amount of water needed
for cultivation).

Complete information about rules for regular labor inputs is
available in only seventeen of the cases (see Table 5.6). Cases
using proportional rules are characterized by a higher incidence of
rule conformance and good maintenance than those using equal
rules (see Table 5.7). The relationship, however, is insignificant
(with a level of confidence equal to 0.47).

This result does not fully support the argument that labor obli-
gations ought to be proportional to expected benefits in order to
be effective (see Chapter 2). Although the insignificant result may
stem from the limited number of cases available, an additional

TABLE 5.6 Bases of Regular Labor Input Rules
Proportional basis Equal basis
Chiangmai
Thulo Kulo Cadchog
Raj Kulo Calaoaan
Zanjera Danum Sitio Na Pae
Oaig-Daya* Chhahare Khola*
Mauraro* Naya Dhara*
Diaz Ordaz Tramo Hanan Sayoc*
Lurin Sayoc 1*
[Sananeri! Lurin Sayoc 2*

[Gondalpur Watercourse]*

NOTE: Bureaucratic systems are shown in brackets.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks arc positive in both rule conformance and
maintenance.
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TABLE 5.7 Rule Conformance and Maintenance by Regular
Labor Input Rules
N Proportional Equal B
rules rules Total
Cases rated positive
in both rule conformance 67% 38%
and maintenance 6 3 9
Cases rated negative
in either rule conformance 33% 62%
or maintenance or both 3 5 8
100% 100%
Total 9 8 17

Percentage difference = 29%
Chi-square with continuity correction factor = 0.51
D.E =1 P> 0.1

factor—maintenance intensity —may make equal rules more effec-
tive than proportional rules in some circumstances. Maintenance
intensity can be roughly measured by dividing the total number of
person-days of labor per year mobilized to maintain the produc-
tion, distribution, and appropriation resources by the total number
of appropriators in an appropriation resource. Only eleven of the
cases report information about both maintenance intensity and la-
bor input rules for maintenance (see Table 5.8). For the seven cases
that require equal labor contribution, the average maintenance in-
tensity is 2.3 days per person per year. For the four that require
proportional labor contribution, the average is 17.7 days per person
per year. One possible inference from this limited amount of in-
formation is that systems with a higher maintenance intensity tend
to adopt the proportional rule for labor inputs, while systems with
lower maintenance intensity tend to adopt the equal contribution
rule.

Administrative cost appears to be a facto~ that makes equal con-
tribution rules a better choice than proportional rules in some cir-
cumstances. For the proportional rule to be enforced, resources
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TABLE 5.8 Regular Labor Input Basis and
Maintenance Intensity

Basis for Maintenance intensity

regular (person-days of labor
Cases lahor input per cultivator per year)
Cadchog Equal 4.0
Na Pae Equal 3.5
Chhahare Khola* Equal 2.0
Hanan Sayoc* Equal 1.5
Lurin Sayoc 1* Equal 1.5
Lurin Sayoc 2* Equal 1.5
Naya Dhara* Equal 2.0
(Average) 2.3)
Chiangmai Proportional 28.0
Thulo Kulo Proportional 16.7
Raj Kulo Proportional 11.0
Oaig-Daya Proportional 15.0
(Average) (17.7)

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and
maintenance,

must be expended in counting, recording, and organizing various
contributions from different appropriators. For systems that require
only two or three days of work from each appropriator every year,
the potential benefits of proportional rules could easily be offset by
the cost of implementing them. Systems with higher maintenance
inteunsity, on the other hand, may gain more from the proportional
rules than they expend in the administrative costs.

This argument is supported by the emergency labor rules found
in the sample of cases (see Table 5.9). Within the sample, cases us-
ing proportional rules do not appear to be more likely to have a high
degree of rule conformance and maintenance than those using equal
rules (see Table 5.10). In eight of the cases, equal contribution rules
are used for emergency labor inputs. These resources are all located



TABLE 5.9 Bases of Emergency Labor Input Rules

Proportional basis Equal basis
Chiangmai Calaoaan
Zanjera Danum Sitio Thulo Kulo
Naya Dhara* Raj Kulo
Oaig-Daya* Na Pae

Chhahare Khola*
Diaz Ordaz Tramo

Hauan Sayoc*
[Sananeri] Lurin Sayoc 1*
[Gondalpur Watercourse]* Lurin Sayoc 2*

NOTE: Burcaucratic systems are shown in brackets.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and
maintenance.

TABLE 5.10 Rule Conformance and Maintenance by
Emergency Labor Input Rules

Proportional Equal
rules Rules Total
Cases rated positive
in both rule conformance 57% 50%
and maintenance 4 4 8
Cases rated negative
in either rule conformance 43% 50%
or maintenance or both 3 4 7
100% 100%
Total 7 8 15

Percentage difference = 7%
Chi-square with continuity correction factor = 0.06
D.E =1 P>0.5

100
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in steep terrain. The water distribution system can be destroyed
casily by sudden increases in water flow in rainy or stormy weather,
Speedy repair is needed to ensure the continual functioning of the
entire system. Equal contribution rules allow Jabor to be mobilized
rapidly. The prospect of losing the entire irrigation system can be
a sufficient incentive for the cultivators to participate in the joint
endeavor.

Penalty Rules. Individuals may have little incentive to follow allo-
cation and input rules if rule breakers are not liable to any penalty.
Penalty rules can take many forms, including incarceration, loss of
appropriation rights, fines, and community shunning. Although no
single set of penalty rules can guarantee cooperation, the absence
of penalty rules makes cooperation difficult. As shown in Table
5.11, seven cases in the sample use none of these four penalties,
and all seven have problems in rule conformance or maintenance.

The effectiveness of a penalty rule in deterring rule violations
depends on various contextual attributes of an irrigation system. In-
carceration, for example, is not commonly used because it requires
the involvement of law enforcement agencies, which are not read-
ily available in most irrigation systems. The use of incarceration
as a penalty against rule violators is reportedly used in two of the
cases in the sample. In these cases, it is enforced and carried out
by government authorities, but it is used mostly as a threat. In Diaz
Ordaz in Mexico, for example, a local official cal'ed a sindico is
in charge of water distribution among different irrigation sections.
The sindico is the local representative of the state government. He
shares responsibility with the local judges in adjudicating disputes
among irrigators. If the sindico considers a dispute especially seri-
ous, he may refer the case to the district court where the disputants
may face heavy legal expenses and possible incarceration. This
threat gives the sindico great authority in settling disputes among
irrigators.

Temporary loss of appropriation rights is a serious penalty for
farmers who rely on irrigated agriculture as a major source of in-
come. It is reportedly used as a penalty in ten cases in the sample.
In most cases, it is used only under special circumstances. In Oaig-
Daya in the Philippines, a farmer is required to pay a fine for being
absent from a general meeting. If the farmer refuses to pay the fine,
officials of the farmers’ association will compel the farmer to pay
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the fine by depriving him of water. In Kaset Samakee, Raj Kulo,
. Hanan Sayoc, Lurin Sayoc 1, and Lurin Sayoc 2, a farmer is denied
irrigation water if he rcfuses to work in the periodic cleaning or
pay a fine. In Nabagram in Bangladesh, farmers must pay irrigation
fees in advance before getting the initial water for land preparation
and transplanting.

TabLE 5.11 Penalty Rules Employed in Irrigation Systems

Loss of Community
Incarceration entry rights Fines  shunning

COMMUNITY SYSTEMS

Mauraro* ro no 120 no
Chhahare Khola* no no no no
Naya Dhara* no no no no
Char Hazar* no no yes yes
San Antonio 1* no no no no
San Antonio 2* no no no no
Oaig-Daya* no yes yes yes
Silag-Butir no yes yes -
Tanowong T no no yes yes
Sabangan Bato — — yes -
Nayband no no - -
Calaoaan - no yes -
Felderin no no no -
Kheri no yes yes no
Raj Kulo no yes yes yes
Saebah - — - -
Chiangmai no no yes yes
Zanjera Danum Sitio - — - -
Tanowong B no no yes yes
Pinagbayanan no no yes yes
Thulo Kulo no no yes yes
Takkapala - — — —
Deh Salm no no no -
Bondar Parhudagar no no - yes
Nabagram no yes no yes

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and
maintenance.

continued on next page



Institutional Arrangements and Collective Action 103
TaBLE 5.11 continued
Loss of Community
Incarceration entry rights Fines  shunning
COMMUNITY SYSTEMS
Na Pae no no yes yes
Agcuyo no no yes yes
Cadchog no no no yes
Silean Banua no no yes yes
BUREAUCRATIC SYSTEMS
Gondalpur Watercourse* no no no no
Area One Watercourse* no no — -
Area Two Watercourse* no no — no
Dakh Branch Watercourse* no no yes no
Dhabi Minor Watercourse* no - - -
Punjab Watercourse* - no yes no
Amphoe Choke Chai* no no no no
Area Three Watercourse* no no - yes
Kottapalle no no yes yes
Nam Tan Watercourse — — — -
Sananeri no no - -
Area Four Watercourse no no - yes
Kaset Samakee no yes no no
El Mujarilin yes yes - yes
OTHER SYSTEMS
Hanan Sayoc* no yes yes no
Lurin Sayoc 1* no yes yes no
Lurin Sayoc 2* no yes yes no
Diaz Ordaz Tramo yes no — -

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance
or both. Cases without asterisks are positive in both rule conformance and

maintenance.

Fines are the most commonly used penalty within the sample
of cases: They are reportedly used in twenty-one cases. In many
of these cases, fines are a routine way to substitute for direct
labor inputs. Although this kind of arrangement helps to ensure
that no one can free ride on others’ contributions, it also al-
lows those who have other obligations or dislike ma~ual labor to
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bail out without undermining the cooperative arrangement among
irrigators. In Thulo Kulo, for example, cash fines are levied against
those who are absent from maintenance work. The fine for missing
a day of ordinary maintenance is equivalent to the wage for a day
of work. The fine for missing emergency maintenance is set higher
to ensure a higher rate of attendance. The fine is, however, reduced
if the member has some legitimate reasons like illness or absence
from the village when the emergency is declared.

Community shunning is a more subtle way of punishing rule
breakers. It is reportedly used as a penalty against rule breakers
in eighteen cases in the sample. Community shunning can be an
effective penalty if appropriators have a high level of consensus
about the legitimacy and the importance of the operational rules in
use. If such a consensus is established, community shunning alone
can be an effective check on free riders. In Cadchog, for example,
which is characterized by a high degree of rule conformance and
adequate maintenance, community shunning is the only form of
penalty that can be imnposed on rule violators.

Collective-Choice Arrangements

Operational rules are neither self-generating nor self-enforcing.
They depend on individuals who, in coordination with one another,
formulate and enforce them. Small numbers of individuals might be
able to formulate and enforce rules without any explicii collective-
choice arrangements. In most cases, however, such arrangements
are needed to formulate, modify, and enforce operational rules.
Whether participants in an irrigation system can develop and sus-
tain an effective set of operational rules often depends on the kind
of collective-choice arrangements available. If properly constituted,
these arrangements enable participants to respond to changes by
facilitating rule adoption and alteration. They also help settle dis-
putes and sustain mutually productive relationships among partic-
ipants by monitoring and sanctioning rule violations and official
abuses.

Explicit collective-choice arrangements are absent in seven cases
of the sample and present in forty. In this section, I first discuss
the physical and community attributes of the cases without explicit
collective-choice arrangements and the manner in which these at-
tributes affect their outcomes. I then discuss the cases with explicit
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collective-choice arrangements and the manner in which different
types of collective-choice arrangements affect their outcomes.

Cases without Explicit Collective-Choice Arrangements. Al-
though collective-choice arrangements are usually needed to coe:-
dinate rule formulation and enforcement, irrigators in small-scale
systems may be able to develop and sustain operational rules with-
out recourse to explicit collective-choice arrangements. Explicit
collective-choice arrangements are absent in seven of the commu-
nity cases in the sample. Four of the cases are characterized by a
high degree of rule conformance and good maintenance. None of
them need extensive maintenance; irrigators in these systems are
able to arrange to maintain their systems without specific leader-
ship. The other three are characterized by a low degree of rule
conformance and poor maintenance.

In the four cases characterized by a high degree of rule confor-
mance and good maintenance — Nayband, Felderin, Deh Salm, and
Agcuyo—Ilocal irrigators have been able to develop and sustain
operational rules without explicit collective-choice arrangements.
Mechanisms to coordinate their activities have evolved as a result
of their mutual adjustment rather than conscious design. Felderin
in the Swiss Alps provides an example in which rules have been
evolved and sustained through time with neither affirmation nor
enforcement by any explicit collective-choice arrangement. Net-
ting describes the evolution of the water share system in Felderin
as follows:

Little organized community activity was required to build the main
channels, and as individuals extended the ditches into new meadow
areas, they worked out limited and idiosyncratic agreements for wa-
ter sharing. Though water rights accompany land, they are seldom
specified in the elaborate deeds of land transfer that appear from
the seventeenth century onward. It is reasonable to assume that in-
heritance and sale have subdivided properties and at times led to
exchange and limited reapportionment of water rights. (1974, 73)

A similar process appears to have developed in Nayband, Deh
Salm, and Agcuyo, all of which have effective operational rules
governing water allocation and maintenance.

These four cases share certain attributes. First, they involve
either a small number of appropriators or a small irrigated area:
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Nayband has a population of around eighty families; Felderin irri-
gates nineteen hectares of fields; both Agcuyo and Deh Salm serve
fifty families. Because of the small number of individuais or the
small area involved, irrigators can monitor one another. Second,
the water allocation processes in these cases are self-regulating.
Three of the cases—Nayband, Deh Salm, and Felderin—adopt wa-
ter share arrangements that allocate water to shareholders accord-
ing to prespecified time schedules. Shareholders have incentives to
monitor one another’s activities in order to protect their own water
allotments. The water supply in Agcuyo is abundant during the wet
season. During the dry month::, farmers have to take turns to get
water, but there is always sufficient water for all. Third, the four
resources require only minimal maintenance. Nayband and Felderin
can remain in good shape as long as appropriators use them with
care; little maintenance work is required. In Agcuyo, farmers can
coordinate in cleaning without specific leadership. In Deh Salm,
the appropriation resource requires only limited maintenance. Even
cleaning the main canals can be accomplished by individuals.

Although appropriators in these cases are able to manage the day-
to-day operation of the irrigation system without explicit collective-
choice arrangements, they may face serious problems when major
challenges arise. A case in point is Deh Salm, where water is
delivered to the appropriation resource through a ganat (tunnel).
Once the ganat has been built, it can work for decades without
maintenance. If the ganat collapses, however, substantial resources
are needed to repair it. During the 1920s, the ganat was destroyed
by an unusually heavy rainfall, and pcople in Deh Salm were unable
to organize themselves to repair it. They had to rely on people from
outside to do the job for them. In so doing, they had to give up
some of their water shares to these outsiders. If no outsider had
been interested in investing, these farmers might have lost their
entire irrigation system.

Although farmers in some small-scale irrigation systems might
be able to govern and sustain their systems without explicit
collective-choice arrangements, there is no guarantee of success.
In the three other cases that are not governed by explicit collective-
choice entities—Mauraro, Chhahare Khola, and Naya Dhara—
appropriators fail to coordinate their activities and face serious
problems in water allocation and maintenance. Mauraro in the
Philippines, for example, serves only fifteen hectares of riceland
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cultivated by twenty-six farmers in the wet season. No organization
exists to govern their water allocation and maintenance activities.
In order to get water, each farmer has to create his own take-
off points along the canal and guard the setup against tampering
by other farmers. Conflicts over water allocation arise frequently.
Although farmers are supposed to be responsible for cleaning and
repairing parts of the system on or bordering their farms, they have
developed no rules regarding maintenance of the entire system. The
system as a whole is poorly maintained. This case shows that even
a small number of irrigators in a small irrigation system may fail
to develop effective operational rules without recourse to explicit
collective-choice arrangements.

Cases with Explicit Collective-Choice Arrangements. Forty of
the cases in the sample have explicit collective-choice arrangements
that set the terms and conditions for the formulation, enforcement,
and alteration of operational rules. Twenty-five of these cases are
characterized by a high degree of rule conformance and good main-
tenance. The other fifteen have problems in rule conformance or
maintenance.

As discussed in Chapter 2, the effectiveness of a set of coilective-
choice arrangements depends on its ability to help formulate rules
that meet the needs of appropriators, detect and sanction rule viola-
tions, and hold officials accountable to irrigators. These functions
can be discharged by several collective-choice arrangements. First,
the direct involvement of irrigators in major collective decisions
is important to ensure that the decisions reflect their interests and
needs. A way to achieve this is to allow all irrigators in an appro-
priation resource to participate in major decisions concerning the
resource.

Second, individuals have little incentive to comply with a set of
rules unless they believe their noncompliance will result in substan-
tial punishment. For operational rules to be enforced, it is neces-
sary to develop mechanisms that can detect and provide sanctions
against noncompliance. Mutual monitoring may be effective in a
small group of farmers, but in a larger group the provision of
monitoring is itself subject to the free-riding problem. Specialized
officials or monitors have to be appointed to enforce rules.

Third, officials vested with special prerogatives in rule formu-
lation and enforcement are in a position to abuse thcir powers by
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interpreting rules to their own advantage or demanding favors from
individual irrigators. Opportunistic behavior by officials is a dan-
ger in any collective-choice entity. In order to ensure accountability,
rules are needed to stipulate how irrigation officials are to be se-
lected and removed, to whom they have to report, and how they
are to be compensated for their services. Officials are likely to be
responsive to the needs of irrigators if (1) their tenures are sub-
ject to periodic votes by the irrigators, (2) they have to report to
the irrigators periodically, and (3) their salaiies depend on direct
contributions from the irrigators.

Within the sample of cases, collective-choice entities govern-
ing most of the community cases are characterized by the above-
mentioned collective-choice arrangements. Government agencies
in bureaucratic cases, on the other hand, are mostly characterized
by collective-choice arrangements that are unfavorable to effec-
tive rule formulation, rule enforcement, and official accountability.
Among cases with explicit collective-choice arrangements, com-
munity cases have a higher incidence of rule conformance and
good maintenance than bureaucratic cases (see Table 5.12). Dif-
ferences in collective-choice arrangements help to explain why the
bureaucratic cases are more likely to have inferior outcomes than
the community cases in the sample.

Community systems. Collective-choice entities are present in
twenty-one of the community cases in the sample. Ten of these
cases are governed by irrigators’ associations that are respon-
sible only for activities related to the irrigation systems. In Bondar
Parhudagar, for example, the irrigation organization’s activities are
confined to irrigation matters, including the collection of irriga-
tion levies and the maintenance of irrigation canals. In nine other
cases, some villagewide or communal organizations that have other
responsibilities besides irrigation are responsible for governing the
irrigation systems. For instance, the council of elders ir. Kheri is re-
sponsible for governing irrigation matters in the village. It may aiso
constitute itself as a court of law and in formal meetings function
as the executive authority for the entire village.

In another case, Na Pae in Thailand, two collective-choice en-
tities are involved in governing one appropriation resource. The
irrigation organization, headed by two leaders, is responsible for
calling meetings, supervising the operation and maintenance of the
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TABLE 5.12 Rule Conformance and Mainteaance by
Organizational Form in Irrigation Systems with
Collective-Choice Arrangements

Community  Bureaucratic

system system Total
Cases rated positive in
both rule conformance 82% 43%
and maintenance 18 6 24
Cases rated negative in
either rule conformance 18% 57%
or maintenance or both 4 8 12
100% 100%
Total 22 14 36

Percentage difference = 39%
Chi-square with continuity correction factor = 4.2
D.E = | P < 0.05

irrigation facilities, and representing the organization to govern-
ment agencies. Because all members of the irrigation organization
are from a nearby village, the leader of that village can intervene
both directly and indirectly in irrigation matters in Na Pae. The
village leader is responsible for supervising the elections of leaders
of the irrigation organization, which are held every four years in
the village temple. He also helps to obtain assistance from govern-
ment agencies and mobilize cash and labor for special repair and
construction projects in the irrigation system.

Nineteen of the twenty-one community cases are simple systems.
Each of these nineteen cases, except Na Pae mentioned above, is
governed by one collective-choice entity. The other two cases, Zan-
Jera Danum Sitio and Chiangmai, are complex irrigation systems
in which multiple levels of collective-choice entities are involved
in governing the systems. Zanjera Danum Sitio, for example, is
an appropriation resource within a larger irrigation system. Within
each sitio (basic appropriation area), an irrigation leadership is se-
lected by its own shareholders. The leadership is responsible for
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coordinating irrigation activities within the sitio. Above the sitio
level, the irrigation system is divided into three major branches,
each governed by a branch headman who is selected by the to-
tal membership of the entire system and coordinates irrigation ac-
tivities within the branch. At the system level is an organization
that deals with important external actors and coordinates activities
within the system at both the branch and sitio levels. The leaders
of this system-level organization are selected annually by the to-
tal membership of the entire irrigation system. These system-level
leaders, along with those at the branch and sitio levels, “are able to
act in a manner that considers both the location-specific conditions
of an individual sitio and the corporate needs of several, or all,
sitios” (Coward 1979, 32).

Five questions about collective-choice rules in these twenty-one
community cases were asked in the coding form:

e  General meetings: Can appropriators participate in general
meetings to express their needs and concerns to those of-
ficials of tnis organization who make collective-choice de-
cisions in relation to the resource?

o  Monitors: Are specialized officials or monitors appointed
by appropriators to enforce operational rules?

e Executive election. Are the chief exccutives selected
through direct or indirect elections by appropriators?

e  Executive tenure: For how long can an individual serve as
a chief executive?

e  Executive pay: Are the chief executives paid?

In most of the community cases, major collective decisions con-
cerning an appropriation resource are made in general meetings that
involve most irrigators using the resource (see Table 5.13). In Thulo
Kulo and Raj Kulo, for example, general meetings for the entire
membership of the irrigators’ organizations are held in mid-May.
At the meetings, plans for major annual maintenance are drawn,
new officials are elected if necessary, and operational rules for the
coming season are reviewed and amended if needed. In Raj Kulo,
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TaBLE 5.13 Collective-Choice Rules in Collective-Choice Entities:
Community Irrigation Systems

General  Monitors

meetings to enforce  Elected  Tenure of Paid
held rules executives executives executives

Char Hazar* yes yes yes fixed® yes
San Antonio 1* yes yes yes fixed no
San Antonio 2* yes no yes fixed no
Oaig-Daya* yes yes yes var.? no
Silag-Butir yes yes yes var. yes
Tanowong T yes yes yes — yes
Sabangan Bato yes no yes Vi yes
Calaoaan yes yes yes var. no
Kheri — yes no life* yes
Raj Kulo yes yes yes var, yes
Saebah - — - - —
Chiangmai yes yes yes life yes
Zanjera Danum Sitio — yes yes var. yes
Tanowong B yes yes yes - -
Pinagbayanan yes yes yes fixed yes
Thulo Kulo yes yes yes var, yes
Takkapala — — — - —
Bondar Parhudagar yes yes yes fixed yes
Nabagram yes yes yes - -
Na Pae yes no yes fixed yes
Cadchog yes no yes var. no
Silean Banua yes yes yes fixed yes

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance or
both. Cases without asterisks are positive in both rule conformance and mainte-
nance.

a. Fixed term. may be re-clected.

b. Variable term, subject to vote of confidence.

c¢. Life term,

the accounts of the organization are also presented and reviewed
in the meetings. In both systems, other general meetings may be
held throughout the year whenever major decisions concerning the
operation of the system have to be made. General meetings are
considered a major event in most of the community irrigation sys-
tems. In Oaig-Daya in the Philippines, farmers are even required
to pay a fine for being absent from a general meeting.
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Specialized officials or monitors are appointed to eiforce op-
erational rules in most of the community cases. In Calaoaan in
the Philippines, for example, the chairman and the board members
of the irrigators’ association are responsible for organizing main-
tenance works. In Nabagram in Bangladesh, water is distributed
successively from one block to another during the postplanting
period. A water distributor is employed to determine when an indi-
vidual plot has an adequate supply of water and to divert the water
flow from one plot to another. With the water allocation process
taken out of the hands of individual irrigators, the chance of rule
violations is reduced. Provided that the water distributor is held
accountable to irrigators, his service helps to reduce the chance of
rule violations.

The chief executives in most of these collective-choice entities
are selected through direct or indirect elections by appropriators.
The periods for which the chief executives serve, however, vary
from case to case. In some of the cases, officials are subjzct to
periodic reelection. In Silean Banua, for example, the six officers
on the board of directors are subject to reelection every two years.
In other cases, officials can serve for an indefinite period of time,
subject to a vote of nonconfidence by members. In Calacaan ir the
Philippines, the members of the board of directors of the irriga-
tors’ association are selected by irrigators. Their term of office is
unspecified. Their tenure ends only when they are incapable of ex-
ercising their duties or when they have committed major mistakes.
A past chairman of the association, for example, had served for
thirteen years and resigned from the post because of old age.

The chief executives are compensaied in most of the cases. Some
of the most common forms of compensation for irrigation officials
in these cases include reduced labor obligations, reduced member-
ship dues, and fines or direct payments, in the form of cash or
agricultural products, by irrigators. In return for their services, the
irrigation headmen in Chiangmai, for example, are excused from
paying taxes on certain amounts of land, they do not have to con-
tribute labor for maintenance, and they can keep some of the fines
levied.”

There are, however, a few exceptions in which officials are not
paid. In Diaz Ordaz Tramo, officials have to perform various du-
ties including the organization of water allocation, maintenance,
and conflict resolution. For these duties, the officials receive no
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compensation and little praise. Every landholder within the appropri-
ation area, however, is obliged to occupy the positions through rota-
tion; each has to take an office for one year. In Cadchog and Calaoaan
in the Philippines, irrigation leaders are not compensated for their
duties. Their own interests in the irrigation systems may have been
a sufficient incentive for them to help govern the systems.

Bureaucyatic systems.  In a bureaucratic irrigation system, the pro-
duction resource is governed by national or regional government
agencies. In some bureaucratic systems, the same agencies may
govern the distribution and appropriation resources of a system. In
others, different collective-choice entities, such as irrigators’ as-
sociations, are invoived in governing activitics in the distribution
or appropriation resources. In six of the bureaucratic cases in the
sample, the appropriation resources are governed solely by govern-
ment agencies. In the other eight cases, the appropriation resources
are governed by both government agencies and local collective-
choice entities constituted by appropriators.

Four questions about collective-choice rules in a government
agency were asked in the coding form:

* Financial source: What is the major financial source of the
agency?

®  Report to higher authority: Do the administrators who make
major operating decisions for the appropriation resource
report to any external or higher-level authority?

* Official near resource: Do the administrators who make
major operating decisions for the appropriation resource
reside in or near the resource?

* General meetings: Can appropriators participate in general
meetings to express their needs and concerns to the ad-
ministrators who make major operating decisions for the
appropriation resource?

The collective-choice rules used in most government agencies in
the sample appear to be unfavorable to rule formulation, rule en-
forcement, or the accountability of officials to irrigators. As shown
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in Table 5.14, the major financial source of all these agencies, with
the exception of Area Four in Taiwan, is government allocation.
Because these officials and their agencies are not financially de-
pendent on irrigators, they are usually not as motivated to serve
irrigators as are their counterparts in irrigators’ organizations. In all
the cases, officials who are responsible for making major operating
decisions concerning various appropriation resources are not irriga-
tors themselves but full-time employees of government agencies.
Instead of reporting to irrigators, they report to a higher authority
within or outside their agencies.

The Provincial Irrigation Department that governs Gondalpur
Watercourse in Pakistan, for example, receives funding for recur-
rent and operational expenditures through allocations by the Provin-
cial Finance Department. The allocations are based on the physical

TanLe 5.14 Collective-Choice Rules in Government Agencies:
Burcaucratic Irrigation Systems

Officials Ofticials

report to live General

Financial higher near meetings
source authority  resource held
Gondalpur Watercourse* government yes no no
Area One Watercourse™ government ves no no
Arca Two Watercourse™® government yes no no
Dakh Branch Watercourse*  povernment yes no no
Dhabi Minor Watercourse*  government yes no no
Punjab Watercourse™® government yes no no
Amphoe Choke Chai* government yes yes yes
Arca Three Watercourse* government yes yes no
Kottapalle government yes no no
Nam Tan Watercourse - yes yes no
Sananeri government yes no no
Area Four Watercourse irrigators yes yes no
Kuset Samakee government yes yes yes
El Mujarilin government yes yes no

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance
or both., Cases without asterisks are positive in both rule conformance and
maintenance.
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characteristics and inventory of the irrigation facilities. The Irri-
gation Department receives a fixed amount of funding per year
for each kilometer of canal that exceeds « certain discharge ca-
pacity. The basis for budget allocations is rigidiy fixed and often
based on formulae that were established decades ago. The day-
to-day field work of the department is carried out under the di-
rection of the executive engineer at the divisional level, who is
responsible for thousands of hectares of farmland. This official
decides on the supply of water to various watercourses primarily
on the basis of instructions from headquarters and the available
water supply in the main river, not the conditions and demands
i the command area. The Irrigation Department as a whole “can
be fiscally accountable and fully responsible in [its] work and yet
have minimal interaction with farmers, who often feel that the ir-
rigation service they receive is not satisfactory” (Merrey and Wolf
1986, 10).

As shown in Table 5.14, in most of the cases, officials who
make major decisions for watercourses reside far away from the
appropriation rescurces they serve. These officials develop little
identification with the interests of the local communities and have
little incentive o be actively involved in solving farmers’ problems.
Their distance from the appropriation resources also prevents them
from acquiring timely and accurate information about the various
needs of the appropriation resources. In all but iwo cases, officials
do not convene general meetings with irrigators. Irrigators them-
selves usually have few formal channels through which to articulate
their interests and grievances to officials.

Robert Wade (1988a), in his study of Kottapalle in India, de-
scribes how the Irrigation Department’s supervisor and assistant
engineer relate to farmers there. These officials live and work far
away from the village but control the level of water supply to the
village. They may visit the village occasionally. During their visit,
they will stay mostly with their local contact, a contractor in the
village who works regularly for the Irrigation Department. Rather
than helping farmers solve their irrigation problems, their purpose
in visiting is usually to negotiate the bribe to b~ pai for assured wa-
ter supplies to the village. When the water supply is exceptionally
scarce, farmers in the village even have to send their representa-
tives to the Irrigation Department in the town to get rmore water
for the village through bribery. One cannot, of course, generalize
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from this case that every irrigation bureaucracy is corrupt. The
case shows, however, that irrigation officials who are not properly
motivated and monitored may create difficulties for farmers instead
of helping them.

Complex bureaucratic irrigation systems governed soleiy by gov-
ernment agencies are unlikely to solve all water allocation and
maintenance problems at the watercourse level. Within the sample,
all six of the cases governed solely by government agencies are
characterizcd by both a low degree of rule conformance and poor
maintenance (Table 5.15). In these cases, operational rules handed
down from government agencies often turn out to be incompatible
with the special circumstances of individual watercourses.

In some of these bureaucratic irrigation systems, local farmers
who are unable to develop their own collective-choice arrangements
have to develop extralegal rules to suit their own circumstances.
Merrey, for cxample, discusses the difference between informal,

TABLE 5.15 Rule Conformance and Maintenance by
Local Collective-Choice Entities: Bureaucratic
Irrigation Systems

With local Without local
collective-choice collective-choice

entity entity Total
Cases rated positive
in both rule confor- 75% 0%
mance and maintenance 6 0 6
Cases rated negative
in either rule confor-
mance or maiatenance 25% 100%
or both 2 6 8
100% 100%
Total 8 6 14

Percentage difference = 75%
Chi-square with continuity correction factor = 5.1
D.F =1 P < 0.05
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farmer-established rotations and formal rotations established by the
Irrigation Department in Gondalpur Watercourse. He writes:

Unlike the formal rotation, the informal rotation takes into consider-
ation local conditions such as the sandiness of soils and the height of
the field relative to the ditch. Thus, a sandy or high field is awarded
extra time to cnsure it can be irrigated. More time is also allowed
for filling long sections of the watercourse. (Merrey and Wolf
1986, 46)

As discussed in Chapter 2, the effectiveness of operational rules
depends on local circumstances. The involvement of cultivators in
the formulation and enforcement of operational rules at the water-
course level facilitates the adaptation of these rules to the spe-
cific needs of different appropriation areas within a larger irriga-
tion system. In some of the bureaucratic cases, local appropriators
have constituted col.ective-choice entities that adopt and enforce
their own operational rules at the watercourse level. Complex bu-
reaucratic cases with local irrigators’ organizations usually perform
better than those without because operational rules developed and
enforced by local collective-choice entities are usually more effec-
tive in meeting the needs of farmers. Among the bureaucratic cases
in the sample, those with local collective-choice entities are char-
acterized by a higher incidence of rule conformance and adequate
maintenance than those without (see Table 5.15).

As shown in Table 5.16, local collective-choice rules in the bu-
reaucratic cases are similar to the ones found in community irri-
gation systems. Most of the local collective-choice entities in the
bureaucratic cases have general meetings that involve their mem-
bers in major collective choices. Specialized officials or monitors
are appointed by irrigators in most cases to oversee the imple-
mentation of operational rules within their appropriation resources.
Executives, most of whom have fixed or variable terms of office,
are selected by irrigators.

Despite these similarities, however, one should avoid making an
unqualified analogy between irrigators’ organizations in community
irrigation systems and those within bureaucratic irrigation systems.
Irrigators’ organizations in community systems are self-contained
entities, while those in bureaucratic systems are units within
a larger organizational environment. Irrigators’ organizations
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TaBLE 5.16 Collective-Choice Rules in Loca’ Collective-Choice
Entities: Bureaucratic Irrigatieu Systems

General  Monitors
meetings to enforce  Elected  Tenure of Paid

held rules  exccutives executives executives
Amphoe Choke Chai* yes no yes fixed® —
Arca Three* yes yes - - -
Kottapalle yes yes yes fixed no
Nam Tan Watercourse - yes yes var.? yes
Sananeri yes yes yes var. no
Area Four Watercourse yes yes yes fixed —_
Kaset Sumakee yes no yes fixed -
El Mujarilin no - no iife¢ yes

— = Missing in case.

* Denotes a case that is negative in cither rule conformance or maintenance or
both. Cases without asterisks are positive in both rule conformance and mainte-
nance.

a. Fixed term, may be re-elected.

b. Variable term, subject to vote of confidence.

c. Life term.

in bureaucratic systems will not be successful if irrigators fail to
perceive a need to organize or if their organizations are unable to
maintain sufficient autonomy in governing their own affairs.
Amphoe Choke Chai, for instance, is an irrigators’ organization
established under the auspices of the Royal Irrigation Department of
Thailand to help govern two water zones within the Lam Pra Plerng
Irrigation Project. Even with the encouragement of the government
agency, the irrigators’ organization has not been very successful
in attracting members and organizing water allocation and mainte-
nance because farmers can receive sufficient water from the natural
flooding of rivers and therefore are not motivated to operate and
maintain the canal networks that belong to the irrigation project.
Kottapalle provides an example in which farmers have been able
to constitute their own collective-choice entity and enforce their
own rules governing their investments and water allocation. The
tasks of this entity are performed with neither support nor interfer-
ence from the government agencies responsible for the irrigation
system. Most government officials are not even aware of the exis-
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tence of the entity. The real need for cooperation in water allocation
and the lack of interference from government officials have enabled
individual irrigators in Kottapalle to develop their own collective-
choice arrangements to govern their appropriation resource.

In other cases, such as Nam Tan Watercourse and El Mujarilin,
government officials and local leaders cooperate in governing a
watercourse. In El Mujarilin, for example, an official representing
the Ministry of the Interior is responsible for hearing complaints
between irrigators. Unless the dispute involves a clear infraction of
the civil code, however, it is common for the case to be referred
to the leader of the local tribe or other tribesmen whom the pe-
titioners might choose. This practice allows the traditional tribal
organization to remain a viable instrument for solving conflicts
among irrigators.

The Role of Physical and Community Attributes. Differences
in collective-choice arrangements help to explain why the bureau-
cratic cases in the sample have a higher incidence of problems in
rule conformance and maintenance than the community cases. It re-
mains a puzzle, however, whether the bureaucratic and community
cases differ in their performance only because bureaucratic systems
tend to have less favorable physical and community features than
community cases. As discussed in Chapter 4, inadequate supplies
of water, major social cleavages, and high income variance among
irrigators are attributes tuat tend to be associated with problems
in rule conformance and maintenance. As shown in Table 5.17,
the community cases in the sample are generally characterized by
more favorable physical and community attributes than the bureau-
cratic cases. A majority of the community cases are characterized
by an adequate supply of water, no major social cleavages, and
low-to-moderate income variance. Twelve out of fourteen bureau-
cratic cases, on the other hand, are characterized by an inadequate
supply of water. Many of them are also characterized by major
social cleavages and high income variance. Within the fourteen
bureaucratic cases, any one of the three attributes—major social
cleavages, high income variance, or the absence of local collective-
choice arrangements—is a sufficient condition for problems in rule
conformance and maintenance.

Because of the limited size of the sample, it is not possible to de-
termine whether institutional attributes or physical and community
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attributes are more important factors for explaining why the bu-
reaucratic cases have a higher incidence of p.oblems in rule con-
formance and maintenance than the community cases. One cannot
begin to separate spurious effects from the actual effects of each
of these attributes until a much large: set of cases is available.
Despite this limitation, several observations can be made about
the configurations of attributes and outcomes shown in Table 5.17.

TasLE 5.17 Physical and Community Attributes and Collective-Choice
Arrangements

Local
collective-choice
Adequacy* Cleavages® Income Variance®  ammangements

COMMUNITY SYSTEMS

Mauraro* no no - no
Chhahare Khola* no - - no
Naya Dhara* no no - no
Char Hazar* no no - yes
San Antonio 1* no no - yes
San Antonio 2* no no - yes
Oaig-Daya* no no low yes
Silag-Butir no no — yes
Tanowong T no no - yes
Sabangan Bato no no - yes
Nayband no no low no
Calaoaan yes no - yes
Felderin yes no moderate no
Kheri yes no moderate yes
Raj Kulo yes no low yes
Saebah yes no - yes
Chiangmai yes yes high yes
Zanjera Danum Sitio yes no moderate yes
Tanowong B yes no — yes
Pinagbayanan yes no moderate yes
Thulo Kulo yes no low yes
Takkapala yes no - yes
Deh Salm yes yes moderate no
Bondar Parhudagar yes no low yes
Nabagram yes no moderate yes

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance or both. Cases
without asterisks are positive in both rule conformance and maintenance.

a. Adequacy of water supply.

b. Cultural or social differences among appropriators,

¢. Varianc: in average annual family income among appropriators.

continued on next page
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TaBLE 5.17 continued

Local
collective-choice
Adequaucy® Cleavages® Income variance®  arrangements

COMMUNITY

SYSTEMS

Na Pae yes no low yes
Agcuyo yes no - no
Cadchog yes no - yes
Silean Banua yes no - yes
BUREAUCRATIC

SYSTEMS

Gondalpur Watercourse* no yes high no
Area One Watercourse* no - high no
Area Two Watercourse* no yes high no
Dakh Branch Watercourse* no yes high no
Dhabi Minor Watercourse* no yes high no
Punjab Watercourse* no yes moderate no
Amphoe Choke Chai* no no - yes
Arey Three Watercourse* no no moderate yes
Kottapalle no no moderate yes
Nam Tan Watercourse no no low yes
Sananeri no no moderate yes
Area Four Watercourse no no low yes
Kaset Samakee yes no - yes
E! Mujarilin yes no moderate yes

OTHER SYSTEMS

Hanan Sayoc* no no - no
Lurin Sayoc 1* no no - no
Lurin Sayoc 2* no no - no
Diaz Ordaz Tramo yes - low yes

— = Missing in case.

* Denotes a case that is negative in either rule conformance or maintenance or both, Cases
without asterisks are positive in both rule conformance and maintenance.

a. Adequacy of water supply.

b. Cultural or social differences among appropriators.

¢. Variance in average annual family income among appropriators.

First, no single community case in the sample is simultaneously
characterized by an inadequate supply of water, major social cleav-
ages, and high income variance. One possible explanation is that
farmers in such a situation would face so many obstacles for col-
lective action that they wouid not have developed and sustained
an irrigation system on their own in the first place. Farmers are
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capable of constructing and governing their own community irriga-
tion systems mostly in situations that offer neither major physical
nor community obstacles.

Second, unlike community irrigation systems, many bureaucratic
irrigation systems are found in physical and social environments
that are unfavorable to cooperation among farmers. One possible
reason for this is that bureaucratic agencies are involved mostly
in situations in which farmers have failed to develop their own
community irrigation systems. Another possible explanation is that
many bureaucratic irrigation systems are designed to deliver wa-
ter to as many farmers as possible in order to justify their con-
struction and maintenance costs. Furthermore, some bureaucratic
irrigation systems in countries like India and Pakistan were devel-
oped as parts of large-scale settlement projects. In such settlement
projects, individuals with divergent economic, social, and cultural
backgrounds are brought together to share an irrigation system (see
Merrey and Wolf 1986). Bureaucratic agencies in these situations
are more likely to face serious governance problems than irrigators’
organizations in community irrigation systems.

Third, although bureaucratic agencies are capable of construct-
ing irrigation systems in areas characterized by unfavorable physical
and community features, they may not be sufficient to ensure effec-
tive operation and maintenance of various appropriation areas. Six
of the bureaucratic cases in the sample are characterized by two or
three of the unfavorable physical and community features. All six
cases are characterized by both a low degree of rule conformance
and pcor maintenance. Irrigatcrs in these cases face a difficult situ-
ation: The bureaucratic agencies are not effective enough in enforc-
ing rules and maintaining the appropriation resources, and irrigators
are unable to develop local collective-choice arrangements to gov-
ern their own activities. Their situation can hardly be improved
unless the governing capabilities of the bureaucratic agencies are
improved considerably or special initiatives are undertaken to help
irrigators develop their own local collective-choice arrangements.

Summary
Institutional arrangements in an irrigation system can be analyzed

by reference to two levels—operational and collective-choice. Op-
erational rules prescribe what must, may, or may not be done in
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relation to everyday operating activities in an irrigation system.
To be effective for coordinating irrigators® activities, operational
rules have to be compatible with the special circumstances of each
irrigation system and appropriation resource. No single set of oper-
ational rules is good for all irrigation systems. A boundary require-
ment that includes more irrigators than the irrigation system can
support will induce conflict among appropriators and make coop-
eration difficult. Allocation rules within an irrigation system have
to be adjusted in light of changes in water supply. Labor inputs
from aporopriators can be mobilized on different bases depend-
ing on the amount needed to maintain a system. The effectiveness
of a peaalty rule depends on whether it is compatible with other
institutional and community attributes.

Counterintentional consequences may arise if a uniform set of
rules is imposed on a large area without consideration of local vari-
ations. One example concerns the use of land as the sole boundary
requirement in many bureaucratic irrigation systems. Although the
official policy in these systems is to ensurc that everyone who needs
water gets it, the actual outcome is that many farmers are unable
to get the amount of water they are promised.

A greater diversity of operational rules is found among the com-
munity cases than the bureaucratic cases in the sample. In most
irrigators’ organizations, irrigators are regularly involved in major
collective decisions for their own appropriation resources. In most
bureaucratic systems, major decisions for an appropriation resource
are mude by officials who reside far away from the appropriation
resource and have little identification with the irrigators. Irrigators’
organizaiions are therefore more likely than government agencies
to develop rules that suit their specific circumstances. Collective-
choice rules adopted by most irrigators’ organizations are also more
conducive to rule enforcement and accountability of officials than
those adopted in government agencies.

Differences in collective-choice arrangements help to explain
why the community cases are characterized by higher incidences
of rule conformance and good maintenance than the bureaucratic
cases. The differences also help to explain why the bureaucratic
cases with irrigators’ organizations at the watercourse level are
more likely to be characterized by a high degree of rule confor-
mance and good maintenance.

Besides collective-choice arrangements, physical and commu-
nity attributes also help to explain why the community cases are
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likely to perform better than the bureaucratic cases. Community
irrigation systems are likely to be developed and sustained in situ-
ations with a reasonable supply of water, no major sociai cleavages,
and low-to-moderate income variance among irrigators. A majority
of the bureaucratic cases, on the other hand, are characterized by
inadequate supplies of water. Many of them are also characterized
by major social cleavages and high income variance. In compari-
son with irrigators’ organizations in community irrigation systems,
government agencies in bureaucratic irrigation systems are more
likely to face serious collective-action problems.



CHAPTER SIX

Designing Complex Institutional
Arrangements: Linking
Bureaucratic and Local,

Self-Governing Organizations

Many scholars and practitioners have recently begun to realize
the limitation of relying primarily on government bureaucracies
to solve development and collective-action problems (Esman and
Uphoff 1984; Korten 1986, 1989; Uphoff 1986b; Werlin 1989).
The failure of many laige irrigation projects to deliver projected
benefits to farmers illustrates this limitation of bureaucratic gov-
ernance. Thus some scholars and practitioners have turned their
attention to the importance of local, self-governing organizations
in solving collective-action problems in irrigation systems.

Yet local indigenous organizations are not panaceas for all kinds
of collective-action problems. Although it is incorrect to assume
bureaucratic governance can solve all collective-action problems,
it is equally wrong to assume that individuals at the local level can
solve all the collective-action problems they face without drawing
on external resources and facilities. Designers of irrigation projects
in developing countries often assume that once water begins to
flow in the main canal, farmers will spontaneously organize among
themselves to build channels to divert water from the main canal
to their fields. This assumption has, however, failed to materialize
in many cases (Ascher and Healy 1990; Chambers 1988: Sengupta
1991).

125
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In this study, I have illustrated the level of complexity involved
in understanding factors that affect collective action in irrigation
systems. On the one hand, the robustness of many local, self-
governing irrigation organizations exemplifies some of the com-
mon arguments in favor of this type of organization. Cn the other
hand, one can identify numerous obstacles to effective organization
for collective action among farmers in irrigation systems. Some of
these obstacles inhibit long-term cooperation among irrigators. Yet
some of the obstacles can be overcome by the crafting of institu-
tional arrangements that counteract perverse incentives inherent in
various collective-action situations (see E. Ostrom 1992).

A complex, multilevel approach is needed to understand the
terms and conditions for effectively organizing collective action
in irrigation systems. I have drawn on and extended a theoreti-
cal framework derived from institutional analysis and transaction
cost economics to examine how various physical, community. and
institutional factors affect collective action in irrigation systems.
Within the JTAD framework, institutional arrangements are con-
ceptualized as rules that structure repetitive, interdependent rela-
tionships among individuals. These constraints creatc stability of
expectations among participants. If these rules are appropriately
crafted and effectively enforced. they may create credible com-
mitments among participants and thus facilitate their long-term
cooperation.

In this concluding chapter, 1 first discuss several theoretical
propositions derived from the present study and earlier work. Sec-
ond, I examine the potential and limitations involved in utilizing
local, self-governing organizations in governing irrigation systems.
Finally, I argue that if irrigation development in developing coun-
tries is to be enhanced. it is necessary to reexamine the organizatic
and policies of bureaucratic agencies and their relation to various
local, self-governing organizations.

Propositions about Institutions
and Collective Action

Several propositions about institutions and collective action can be
derived from the present study and earlier work. First, multiple lay-
ers of rules affect actions and outcomes in irrigation systems. Opera-
tional rules define who can participate in which situations; what
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the participants may, must, or must not do: and how they will be re-
warded or punished. Several types of operational rules—boundary,
allocation, input, and penalty—car be used to coordinate water al-
location and maintenance in irrigation systems. Another layer of
rules—collective-choice rules—snecities the terms and conditions
for adjudicating conflicts, enforcing decisions, and formulating op-
erational rules. The effectiveness of a set of collective-choice ar-
rangements depends on its ability (1) to help formulate operational
rules that meet the needs of users, (2) to detect and provide sanc-
tions against rule violations, and (3) to hold officials accountable
to users.

Operational and collective-choice rules are nested in a hier-
archy. Operational rules are enforced or changed within conditions
stipulated by collective-choice rules. Operational rules can usually
be changed more economically and more rapidly than collective-
choice rules. The relative stability of collective-choice rules creates
continuity for long-term cooperative arrangenients.

Second, many types of collective-action problems are involved in
irrigation. Each of these problems may involve a different commu-
nity of individuals. Multiple collective-choice entities are needed to
solve collective-action problems of various scopes. In many large-
scale irrigation systems, for example, bureaucratic agencies play
an important role in governing production and distribution facili-
ties. At the appropriation level, farmers’ organizations may develop
and enforce operational rules governing water allocation and main-
tenance. Because more than one collective-cho.ce entity is often
involved in governing irrigation systems of considerable size, prob-
lems cannot be solved just by focusing cn one organization. These
different organizations are often unrelated to one another hier-
archically. Each organization preserves a certain degree of au-
tonomy. The challenge these organizations face is to develop
mutually productive refationships among themselves. If participants
see one another as the source of problems rather than as poten-
tial allies, ‘t is difficult to develop productive interorganizational
relationships.

Thizd, uncertainty is a major source of obstacles for human ex-
change and cooperation. Uncertainty often results from difficul-
ties in measuring the respective contributions of participants to a
common endeavor and in enforcing agreements among participants
(North 1990). Institutional arrangements that help to reduce un-
certainty arising from within the group of participars and from
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other physical, social, or political circumstances motivate partici-
pants to develop credible commitments and thus long-term coop-
erative relationships with one another. Creating an institutional
framework that induces credible commitments among participants
requires the crafting of a complex, interdependent set of opera-
tional and collective-choice rules that are compatible with specific
physical and social environments (see E. Ostrom 1992).

Fourth, institution building is a leng-term process that requires
the investment of resources and extensive trial and error. It often
takes a long time and extensive efforts to develop and eventu-
ally benefit from a set of functioning institutional arrangements.
For example, to develop an appropriate set of operational rules
requires careful experimentation and fine adjustments. Larger bu-
reaucratic agencies may be able to develop uniform rules that deal
with common problems shared by many farmers. Yet a great di-
versity of institutional arrangements is needed to deal with var-
ious contex(-specific problems. It is important to generate a va-
riety of institutional arrangements to resolve the diverse prob-
lems farmers encounter in different locations. Farmers must be
actively involved in rule formulation and enforcement in order
to organize water allocation and maintenance at the appropriation
level.

Individuals have to overcome many obstacles before they can
develop and benefit from a set of rules that effectively solve their
common problems. They must, for example, secure information
about the nature of the problem they face and the preferences of
the individuals involved. They must also negotiate cooperative ar-
rangements and devise ways to enforce them. In some cases, the
costs of undertaking these activities are high enough to prevent
participants from developing any resolution to the problem they
face.

It takes time to deveiop and eventually benefit from a set of
functioning institutional arrangements: Institution building is an in-
vestment process whose returns can be realized only in the future.
Individuals will invest in institution building only if they expect
enough stability in the environment that their investments will not
be wasted when circumstances change.

Fifth, individuals will support an institutional change only if
they believe the potential benefits to them of the new arrangement
outweigh the potential costs. If some individuals benefit dispro-
portionately from the existing situation, they will resist changes
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that may decrease their benefits in the future. For example, head-
enders usually have a more secure access to water, so they have
less incentive to cooperate with tailenders in water allocation and
maintenance. Institutional change is most feasible when everybo.ly
gains from the change. Robert Chambers writes, “‘Losers can be
induced through the exercise of power to accept loss, but it is easier
if they do not have to lose in the first place. Much of the search
for a water revolution is a search therefore for ways in which head-
enders can be better off and see themselves as better off with less
water” (1988, 117).

In light of these propositions and the empirical evidence dis-
cussed in this and other studies, I next examine the potential and
the limitations of local, self-governing organizations in the gover-
nance of irrigation systems.

The Potential and Limitations of
Local, Self-Governing Organizations

The community irrigation systems examined in this study tend to
be more effective in maintenance and water allocation than the bu-
reaucratic systems. This does not, however, imply that community
organizations are always superior to bureaucratic agencies in man-
aging all types of irrigation problems. To understand the role of
local, self-governing organizations in irrigation development, one
must assess their potential and their limitations.

Local, self-governing organizations have several advantages over
centralized bureaucratic agencies with respect to water allocation
and maintenance. First, to be effective, water allocation and main-
tenance activities need to be organized in ways that are compatible
with the specific social and physical environments. In appropria-
tion areas that are subject to rapidly changing physical conditions,
immediate actions are often needed to respond to various contin-
gencies. As discussed earlier in this study, for example, allocation
rules must be adjusted frequently in response to changing meteoro-
logical and cropping patterns. Even within one appropriation area,
more than one set of allocation rules may be needed. In most
cases, more restrictive allocation rules are used during times of
water scarcity than during times of abundance. In some situations,
community features affect the choice of allocation rules. In an
appropriation resource with major social or cultural cleavages
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among irrigators, for example, conflicts can be reduced by arrang-
ing water schedules along major social or cultural divisions in the
community.

In most situations, irrigators have the most intimate knowledge
about their own physical and social environments. Furthermore,
their proximity to the appropriation area ¢nables them to utilize
their knowledge effectively and to act quickly in solving problems.
This is contrasted with many bureaucratic agencies in developing
countries where the responsible officials live far away from the
appropriation area and possess little knowledge about the physical
and social environments at the local level.

Second, the shared community of understanding among partici-
pants affects the way they relate to one another. Rules can be ef-
fective only if a shared community of understanding exists among
participants. A formal decree issued from a distant government
agency will not be effective unless irrigators have a common under-
standing of the rules and have incentives to follow them. Rules de-
veloped within an indigenous community, on the other hand, often
result from extended deliberation and experimentation by members
of the community. After going through these processes, members
of the community are more likely to have a common understanding
and a common interest in the rules.

Third, individuals who have lived together for a sustained pe-
riod may be able to develop various social networks and recipro-
cal relationships with one another. Although these networks and
relationships may be established for other purposes, these same
networks and relationships may facilitate cooperation in irrigation.
Knowledge about these networks and relationships is shared by
participants. It is often difficult for outsiders to ascertain this com-
plex web of reciprocal relationships and networks. The participants
themsclves know better when and how they can utilize their social
capital to undertake collective action.

Finally, rules adopted by farmers are also likely to be more rele-
vant to local circumstances because farmers who decide to adopt the
rules have to bear the consequences of their own decisions. Farm-
ers’ personal stakes in the irrigation system also motivate them to
monitor one another’s behavior. This is contrasted with officials in
many bureaucratic agencies whose career advancement is unrelated
to how well they serve farmers’ interests.

Although indigenous organizations can play an important role
in the governance of irrigation systems, these organizations are
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not always successful. The effective functioning of community or-
ganizations often requires a hospitable macropolitical regime. In
countries where well-developed legal systems are available and the
political system facilitates local public entrepreneurship, commu-
nity organizations can be developed and sustained more easily than
in other places. William Blomquist (1992), for example, documents
how the courts and other aspects of the political system in Cali-
fornia facilitated negotiated settlement among communities shar ng
groundwater basins in the area. In societies that do not recognize
the rights of local communities to establish binding commitments
within and among themselves, it is more difficult for local com-
munities to solve their own collective-action problems.

In some situations, social and cultural divisions can inhibit coor-
dination among irrigators. The costs of organizing collective action
will be higher in communities that are divided by ethnic, caste,
clan, or other cultural differences. In some situations, the divisions
may be great enough to prevent any form of long-term coopera-
tion among irrigators. In other situations, conflicts among different
social groups are mitigated by organizing collective action within
instead of across groups. This strategy, however, has its limita-
tions, especially in situations that require cooperation involving
large numbers of irrigators.

The range of activities that can be handled by community orga-
nizations may be limited. In some cases, indigenous institutional
arrangements are tailored to suit certain physical and social en-
vironments. Even though a set of institutional arrangements may
enable irrigators in an appropriation resource to solve their daily
operation and maintenance problems, the arrangements may be in-
effective under other circumstances. I discussed earlier in this study
a number of community irrigation systems where appropriators
have been able to develop and sustain operational rules that co-
ordinate their water allocation and maintenance activities without
explicit collective-choice arrangements. These irrigation systems
can remain viable because they serve small numbers of irrigators
or small irrigated areas and the water allocation and maintenance
tasks in the systems are simple and straightforward. Irrigators in
these systems may, however, face serious coordination problems
when unexpected challenges arise.

Developing self-governing organizations is often costly, espe-
cially at the initial stage when participants are uncertain about the
feasibility or consequences of alternative arrangements. It often
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requires extensive efforts to acquire information about the needs of
individual participants and the effects of adopting different opera-
tional and collective-choice rules. If individuals are uncertain about
the prospect of a cooperative arrangement or are unwilling to in-
vest in the initial institution-building process, collective inaction
and inefficiencies may be sustained for a long time.

Coordinating Bureaucratic Agencies
to Local, Self-Governing Organizations

The preceding discussions show that local, self-governing organi-
zations have both potential and limitations in their ability to solve
collective-action problems in irrigation. Whether or not farmers
can develop their self-governing potential is often affected by the
design and policies of related government agencies.

Design Problems in Some Bureaucratic irrigation Systems. The
design of many bureaucratic irrigation systems often creates ob-
stacles to local cooperation. Many bureaucratic irrigation systems,
especially in India and Pakistan, are designed to deliver water to as
many farmers and as extensive an area as possible in order to justify
their construction and maintenance costs. Increasing the number of
beneficiaries of irrigation projects is also a common way for politi-
cians in thesc countries to gain electoral support (Repetto 1986).
Irrigators who are entitled to withdraw more water than an irrigation
system can support create serious collective-action problems that
may undermine the long-term viability of the system. In irrigation
systems characterized by a high degree of water scarcity, farmers
who cultivate land only in the tail-end portion of a watercourse are
usually disadvantaged compared to those in the head-end portion.
In many cases, tailenders also happen to be from the poorer stratum
of society. Inequity is sustained in taese irrigation systems where
the official policy is to spread wzter to as many farmers as possi-
ble. The difference between head:nders and tailenders may create
so much conflict that it is extremely difficult to sustain cooperative
arrangements among them.

Furthermore, government agencies construct and govern irriga-
tion systems mostly in locations where farmers have failed to de-
velop their own community irrigation systems in the first place.
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In some cases, bureaucratic irrigation systems are constructed and
governed as part of a larger settlement project in which individuals
of diverse economic and social backgrounds are brought together
in one location. Their economic and social differences can hinder
their cooperation in irrigation matters.

Because of these and other unfavorable factors, it is unrealis-
tic to assume that irrigators would automatically develop effec-
tive institutional arrangements to govern their water allocation and
maintenance activities whenever water begins to £.:v in the main
canal of a bureaucratic irrigation system. Many large-scale irriga-
tion projects in developing countries failed because of this false
assumption. In their recent work, Ascher and Healy (1990) docu-
ment the problems associated with the Jamua Irrigation Project in
India. The project was designed to tap the Jamua River by con-
structing diversion works and extending the canal network on its
left bank. The major objective was to provide irrigation to cultiva-
tors whose landholding varied from 0.5 to 10 hectares. The project
was started in January 1965 and was scheduled for completion by
May 1969.

Yet by 1974 only 31 percent of the target area had bcen brought
under irrigation. The failure of the project authorities to provide
field channels for 69 percent of the cultivable land was a major
setback for the project. The project authorities assumed that once
the canal system was constructed, farmers would willingly and
jointly contribute their own labor to construct field channels to
divert water from the canal to their field. The authorities failed
to foresee, however, that farmers located near the canal would
have little incentive to devote their efforts to constructing channels
that would deliver water through their own fields into those of
others. Ascher and Healy argue that the beneficiaries would likely
agree to provide field channels cooperatively if that had been a
precondition for initiating the project and its necessity had been
explained to them beforehand. The technical experts who designed
the project entirely neglected this social aspect of irrigation, and
their negligence became a major source of problems for the project.

Enhancing Local, Self-Governing Organizations. The preceding
examples suggest that before a government agency develops plans
to involve irrigators in governing a bureaucratic irrigation system,
it is important to consider irrigators’ potential and limitations in
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self-governance. In many cases, government or development agen-
cies can help irrigators overcome their limitations and realize their
notential. This can be done not by imposing a single blueprint on
irrigators but by facilitating interactions among irrigators.

There is no single blueprint for organizing irrigators in an ap-
propriation resource. Although successful irrigators’ organizations
generally share similar kinds of collective-choice rules, the specifics
of these rules differ from case to case. Leaders in most of these
organizations, for example, are selected by irrigators and held ac-
countable to irrigators; the specific arrangements by which these
leaders are selected and compensated. however, differ from system
to system. Cultivators in most of these organizations have to par-
ticipate in general meetings that make major collective decisions
for the organizations, but the specific formats of these meetings
vary from case to case.

Some studies examine how government employees achieved
impressive results by acting as catalysts in the irrigaiors’ de-
velopnient of collective-choice arrangements. One example is an
irrigation development project undertaken in Gal Oya, Sri Lanka
(Uphoff 1985; E. Ostrom 1990). Organizers of the project explic-
itly rejected the idea of devising a single model of farmer organi-
zation for all 19,000 irrigators of the project. Instead, institutional
organizers (IOs), mostly college graduates, were assigned to dif-
ferent appropriation areas in the project. Each 10 had to live in
the area and become familiar with the irrigators and the problems
they faced. Instead of imposing a predefined organizational format
on them, the IO tried to help irrigators organize special working
committees to deal with specific problems they faced. After ir-
rigators had experienced various working relationships with one
another, the IO moved toward establishing an organizatio.: 1among
irrigators and selecting leaders to represent the organization. This
bottom-up method of organizing helped irrigators to develop their
self-governing capabilities.

The way agencies relate to local collective-choice entities affects
irrigators’ incentives to participate in the governance of their ap-
propriation areas. First, although government agencies can play an
active role in settling disputes among different irrigators’ organiza-
tions and providing legal guarantees for contractual arrangements,
an irrigators’ organization will not be effective unless it has consid-
erable autonomy to decide on its internal matters. If agency officials
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can easily override the decisions of an irrigators’ organization, ir-
rigators will have little incentive to develop a consensus among
themselves. Irrigators’ organizations would have little chance to
survive if irrigators have no right to mobilize their own resources
and their operational and collective decisions are entirely dictated
by agency ofticials.

Second, when an external authority attempts to provide assis-
tance to a community irrigation system, there is a danger that the
physical and community attributes of an appropriation resource may
be changed. A new configuration of these attributes may, in turn,
change the nature of collective-action problems in the resource, and
new operational and collective-choice rules may be needed to deal
with these problems. A development or government agency may,
for example, attempt to help irrigators by rebuilding the headwork
of their irrigation system or extending its distributory canals to more
farmland. As a result, irrigators may encounter new collective-
action problems. After new physical devices have been installed,
new cooperative arrangements niay be needed to operate and main-
tain them. After the distributory canals have been extended, more
farmland will be involved and new water allocation and mainte-
nance arrangements may be needed. Institutional arrangements that
have been successful in the past may be insufficient to organize ir-
rigators to undertake these new collective tasks.

In Nepal, for example, when external government funding for
construction and maintenance was made available to a community
irrigation system, farmers in the system soon developed an eapecta-
tion that repairs and maintenance jobs would be done with govern-
ment funding. Entrepreneurial energy in the irrigators’ community
was directed toward getting money or construction contracts from
the government agency instead of organizing operation and mainte-
nance among the irrigators themselves. Irrigators no longer under-
took their own maintenance work, and conflict developed among
them (see Fowler 1986).

Third, farmers are more likely to support their own irriga-
tion organization if their participation is a precondition for re-
ceiving benefits from the system. A donor or government agency
may, for example, require farmers of a community irrigation sys-
tem to agree to repay a portion of the costs of a rehabilitation
project. As long as the farmers have the right to decline an offer,
this repayment requirement encourages them to develop binding
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commitments among themselves to ensure positive returns from the
project (E. Ostrom, Schroeder, and Wynne 1990).

Fourth, farmers will have incentives to participate in a local or-
ganization only if they perceive that the benefits they obtain from
the organization exceed the costs of the resources they devote to it.
As discussed in this study, for example, if farmers have a highly
unpredictable supply of water, which they believe that they have no
effective means of affecting, they have little incentive to organize
in the operation and maintenance of the appropriation area. Farmers
are motivated to support their own organizations if these organi-
zations are involved in the decision-making processes of irrigation
projects. An irrigators’ organization may participate in designing
and supervising rehabilitation projects sponsored by government or
development agencies. This kind of involvement not only helps to
ensure that the rehabilitation project meets the needs of irrigators
but can also help to strengthen the irrigators’ organization.

Restructuring Government Agencies. The involvement of farm-
ers in the governance of water allocation and maintenance activities
is crucial in many large-scale irrigation systems, but such partici-
pation will be unsuccessful unless both the organizational prob-
lems of the bureaucratic machinery and the structures of incentives
for farmers are corrected. Unfortunately, collective-choice rules in
many bureaucratic agencies in developing countries are ineffective
in formulating rules, enforcing rules, or holding officials account-
able for their performance. These agencies are financially inde-
pendent from irrigators because their major funding comes from
government allocations. Officials in these agencies are usually not
as motivated to serve their farmers as are their counterparts in irri-
gators’ organizations. Officials who are responsible for making ma-
jor operating decisions concerning various appropriation resources
are not irrigators themselves but engineers who are professionally
more interested in construction and engineering works than day-
to-day operation and maintenance. Most of these officials do not
expect to serve a particular area for a long time. Their career ad-
vancement usually depends on their formal qualifications and eval-
uations by their superiors rather than on how well they have served
the irrigators.

In most cases, officials who make major decisions for water-
courses reside in places far away. These officials develop little
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identification with the interests of local communities and have little
incentive to be actively involved in solving farmers’ problems.
Their distance from the appropriation resource also prevents them
from acquiring timely and accurate information about the various
needs of different watercourses.

These institutional features create disincentives for officials to
work in the best interests of farmers. In some cases, officials may
even deliberately create uncertainties in water delivery to extract
more bribes from farmers. The poor performance of irrigation offi-
cials makes farmers distrust them. From his own perspective, even
if a farmer follows the allocation rule, he is not guaranteed the
share of water to which he is entitled. After farmers have become
accustomed to an anarchic form of water acquisition, officials can
no longer count on them to follow rules and orders. This creates a
vicious cycle. Officials and farmers do not trust one another and no
institutional arrangement can be effective in disciplining water allo-
cation and maintenance (Wade 1988b). Until the incentive structure
within the government agency is corrected, farmers’ participation
alone may not significantly improve the overall performance of an
irrigation system.

First, as discussed earlier, irrigation officials are not motivated
to serve farmers’ interests if their financial sources and careers are
unrelated to their performance in operation and maintenance. A way
to improve the performance of government agencies is to develop
financial mechanisms that link the financial rewards of an agency
with its ability to satisfy irrigators’ needs. Studies have shown how
this Kind of arrangement promotes the performance of government
agencies in operation and maintenance. The Philippine government,
for example, initiated several changes at the National Irrigation
Administration (NIA) in the 1970s. The budgetary grants for the
operation and maintenance expenses of the NIA were gradually
phased out, and the NIA was required to finance its operation and
maintenance by collecting fees directly from farmers. This change
induced officials in the NIA to attend to farmers’ concerns and to
promote the formation of water user associations that could help to
collect water fees from farmers (Korten and Siy 1988).

Another example concerns the management accountability sys-
tem in irrigation associations in Taiwan. According to Mick Moore,
delay in payment of irrigation fees “has become an institutional
mechanism, albeit an unpublicized one, through which farmers
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express dissatisfaction with the service they receive.” Each level
of the irrigation bureaucracy is required regularly to report its col-
lection records to the upper level. At each level, delays in fee
payment are coustrucd as signs of farmers’ dissatisfaction. Each
unit’s collection records affect its annual evaluation by its superior,
which indirectly affects “salary increments, promotions, and access
to additional resources.” This system creates strong incentives for
irrigation officials to serve farmers’ interests (Moore 1989, 1743).

Second, the personal and professional interests of irrigation of-
ficials in operation and maintenance affect their incentives to at-
tend to needs and conflicts among irrigators (Chambers 1988; Wade
1988b). In most bureaucratic agencies in south Asia, the engineers’
professional interests are directed mostly toward construction and
other major engineering works. These engincers usually have lit-
tle interest in dealing with problems and conflicts among farmers
who are located miles away from their offices in town. This is con-
trasted with irrigation associations in Taiwan where staff are mostly
recruited from the local community. They spend their careers do-
ing operation and maintenance works in the same location. This
local affiliation helps to establish a sense of mutual concern and
obligation between staff and farmers (Wade 1988b, 495).

Finally, the overall performance of an irrigation system depends
on the development of mutually beneficial relationships between
government and local, self-governing organizations. On the one
hand, the performance and policies of government agencies at the
system level affect irrigators’ incentive to develop self-governing
organizations at the appropriation level. On the other hand, local,
self-governing organizations can support government agencies by
helping collect fees and monitor the behavior of individual govern-
ment units and officials. Building credible commitments between
government officials and irrigators is key to improving bureaucratic
irrigation systems.



Notes

Chapter 2

1. Action situation is a broader concept than transaction because the
former dea's with all kinds of social situations and the latter concerns
specific exchanges between or among people.

2. Other outcomes such as cropping intensities and agricultural pro-
ductivity are important too. I do not focus on them in this study because
information about them is generally absent in case studies on irrigation
systems. For a more extensive list of “objectives in irrigation manage-
ment,” see Uphoff 1986a, 20-21.

3. This is only a partial list of physical and community attributes
that may affect collective action in irrigation systems. Other attributes
such as meteorological conditions and irrigators’ cosmological views are
also important variables to consider. They are not discussed in this study
because most cases do not provide detailed information about them.

4. In some situations, water abundance may be a problem by itself
and requires collective action for its solution. For example, if the water
flow is so abundant as to create drainage problems or threaten the physical
integrity of the water diversion or delivery works, farmers may be induced
to undertake intensive collective efforts to keep their system in working
condition.

5. Wittfogel distinguishes between two types of irrigated agriculture —
hydroagriculture and hydraulic agriculture. Hydroagriculture refers to
small-scale agriculture for which “strictly local tasks of digging,
damming, and water distribution can be performed by a single husband-
man, a single family, or a small group of neighbors, and in this case
no far-reaching organizational steps are necessary” (Wittfogel 1981, 18).
Hydraulic agriculture, on the other hand, deals with large amounts of
water and requires elaborate organizational discipline to work.
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6. Rescarchers have, however, discovered through experimentation that
rice does not require a continuous stand of water during the growth period
but that continuous flow of water through the field is necessary. If farmers
could follow a rotational schedule for distributing water, a larger arca
could be cultivated by the same amount of water (Abel 1977).

7. There are, of course, other kinds of operational rules. 1 do not focus
on them because they are in general less important than the four 1 am
discussing here. 1 will discuss other operational rules whenever relevant.

8. Individuals who control a water resource may, in certain circum-
stances, use their control to increase the price of the crops they raise by
means of that resource. This situation, however, would happen only in
isolated communities that have no connection with other marketing net-
works. In locations that have regular connections with other marketing
networks, individuals monopolizing a water source could not have much
influence on the price of the crops they raise.

9. In the irrigation literature a distinction is often made between warer
allocation and water distribution. Martin and Yoder, for example, argue
that

water allocation is the assignment of entitlement to water from a
system, both identifying the ficlds and farmers with access to water
from the system and the amount and timing of the water to be
delivered to each. Water distribution refers to the physical delivery
of water to the fields and may not conform to the water allocation.
(1986, 2)

Water allocation, as defined by Martin and Yoder, is analogous to what
are called bases in this study; water distribution is analogous to water
delivery procedures.

10. In larger irrigation systems, three or even more levels of collective-
choice entities may exist,

Chapter 3

|. There is, however, no casy solution to the problem of defining the
boundaries of an irrigation system. Hunt, for example, argued at one point
that an irrigation system refers to the area receiving water from a single
point on a natural water source. He later admitted to the limitation of this
definition because some irrigation systems receive water from more than
one source (Hunt 1978).

2. There is potentially a fifth stage, drainage. Because most of the case
studies do not contain information about drainage activities and arrange-
ments, these problems are not discussed in this study.
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3. In some irrigation systems, especially those in Africa, government
or parastatal bodies are responsible for both irrigation and cropping pat-
terns in state farms (see Thornton 1976, 149). In these irrigation sys-
tems, the use resource is an integral part of the systems. In most of
the cases examined in this study, usc resources belong to private in-
dividuals. I do not discuss this particular resource in this study unless
it is related to some other resources or collective activities within an
irrigation system.

4. This distinction between simple and complex irrigation systems is
different from that suggested by Spooner (1974), who uses the level of
technological sophistication to distinguish simple irrigation systems from
complex ones.

5. Collective-action problems occur at the production and distribution
stages too. In some large-scale, complex irrigation systems, the problems
may even involve multiple communities and government jurisdictions. An
analysis of collective-action problems at these two stages requires even
more complicated research design.

6. Chambers (1977) calls the latter a bureaucratic-communal irrigation
system,

7. Another part of the research project is to set up laboratory experi-
ments that resemble typical action situations faced by participants in
common-pool resources. Researchers then examine how participants in
an experiment respond to di.ferent structures of incentives induced by
them (see E. Ostrom and Walker 1991: E Ostrom, Walker, and Gardner
1990).

8. For a discussion of the strengths and weaknesses of the case survey
method, see Yin and Heald 1975.

Chapter 4

I. Another outcome—the distribution of benefits and costs among
cultivators—will be discussed later in this chapter.

2. In the original coding form, the variable for the level of water
supply has five values: (1) extreme shortage, (2) moderate shortage, (3)
apparent balance, (4) moderate abundance, and (4) significant abundance.
The following table shows how these five values are related to rule con-
formance and maintenance. Since no case has been coded for “significant
abundance,” it is not possible to examine the argument, mentioned in
Chapter 2, that there will be little collective action by farmers when the
supply of water is abundant.



142 Notes

TabLe N. 1| Rule Contormance and Maintenance by Adequacy of Water
Supply (in five values)

Extreme Moderate Apparerii Moderate  Significant
shortage shortage balance abundance abundance Total

Cases rated
positive in

both rule
conformance and 65% 32% 100% 100%
maintenance 2 6 19 2 0 29

Cases rated
negative in
either rule
conformance or 35% 68% 0% 0%
maintenance or both 5 13 0 0 0 18

100% 1009 100% 100%
Total 7 19 19 2 0 47

3. The two systems, however, differ in terms of institutional arrange-
ments (see Table 5.17 in Chapter 5).

Chapter 5

1. The constitutional-choice level that pertains to choices in collective-
choice rules also has profound effects on any long-terii ccoperative efforts
among humans (sce V. Ostrom 1987). Unfortunately, I am unable to
eddress problems related to constitutional-choice rules because they are
rarely discussed in the case studies.

2. Of the four cases listed under “Other Systems™ in Table 5.1, Lurin
Sayoc | is governed by barriowide rural political officials. The other three
are governed by municipal governments.

3. Personal communication.

4. Where there is an abundant supply of water, however, allocation
rules may not be necessary. One example is an irrigatior: system in the
Philippines. Nazarcno-Gamutan, where water is so abundant that appro-
priators can have a continuous supply and no allocation rule is needed
(sec Ongkingko 1973).

5. Letting officials keep the fines they levy is a way to motivate
them to monitor and impose sanctions on rule breakers. The arrangement
may also have a perverse effect of encouraging officials to irpose fines
on irrigators indiscriminately. This perverse etfect, however, is counter-
balanced by other arrangements such as elections and general meetings
that hold officials accountable to irvigators.
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