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PREFACE 

This report is addressed to individuals associated with donor agencies; indigenous institutions; national, regional,
and local governmental agencies; voluntary associations; farmers associations; water-user associations; andanalysts interested in irrigation and development. The purpose of this report is to outline an approach to designing

irrigation institutions. Supplying and using irrigation water involves a complex set of interrelated activities that arelinked over space and time. Attempting to conquer and use a constantly moving, flowing resource is an endiessly
challe~aging task. If successful, not only can agricultural productivity be accelerated, but multi-purpose projects canalso produce electric power, flood control, navigation, and recreation. The potential for immense destruction is also
created whenever large q' antities of water are artificially retained. 

Most studies of irrigation focus on the creation of physical capital in the form of dams, aqueducts, diversion
weirs, and canals. The development of adequate physical capital is, of course, a necessary step in achieving enhanced
benefits. But not all technically advanced irrigation systems have produced the results that were projected whenthey were planned. Many disappointing results of major irrigation investments have resulted from institutional
failures. Furthermore, many future efforts will be directed toward improving the performance of existing systems
rather than constructing new systems. Thus, while an understanding of the physical side of irrigation systems isessential, much of the emphasis in the design of new or rehabilitated systems will be on die institutional side. 

This study focuses on social capital in the form of rules and norms of behavior governing how individuals relate 
to one another. The match of social capital (rules-in-use) with physical capital (engineering works) affects theamount of land that is irrigated, the volume of water provided for productive use, the crop yields achieved, and the
distribution of direct and indirect benefits and costs. These can be evaluated using a variety of criteria including:
(1) sustenance over time, (2) economic efficiency, (3) equity of distribution. (4) accountability of officials, (5)

adaptability to changing circumstances, and (6) positive and negative effects on the environment.
 

The central thesis is that the crafting of institutions is an ongoing process that must directly involve the user.
and suppliers of irrigation water throughout the design process. The term "crafting" emphasizes the institutional
artisanship involved in devising institutions that both match the unique combinations of variables present on any
one system and adapt to changes in many of these variables over time. Involving users and suppliers directly inthis process helps ensure institutions that are well-matched to the particu!ar physical, economic, and cultural 
environment of each system. 

This report is a product of the Deceutralization: Finance and Management (DFM) Project, sponsored by theOffice of Rural and Institutional Development of the Bureau for Science and Technology (S&T/RD) of the U.S.
Agency for ,-temational Development (USAID). Associates in Rural Development, Inc. (ARD) is the prime
contractor for the DFM project under USAID contract number DHR-5546-Z-30-7033-00, with subcontracts to theMetropolitan Studies Program of the Maxwell School of Citizenship and Public Affairs at Syracuse University and
the Workshop in Political Theory and Policy Analysis at Indiana University. This repor, is an annex to an earlier 
report entitled InstitutionalIncentives andRural Infrastr -ture Sustainabilirywritte. by Elinor Ostrom, LarrySchroeder, and Susan Wynne. Many of the ideas developeo ,.!hat report are now presented from the perspective
of how they affect the process of crafting irrigation institutions. I am deeply indebted to Larry Schroeder and Susan
Wynne for the ideas presented in this report and for the stimulating exchanges we had in preparing the larger study.
I am deeply appreciative of the assistance of Patty Dalecki, Gina Davis, and Sue Jaynes and the comments made 
on earlier drafts by Roy Gardner, Ronald Oakerson, Vincent Ostrom, Larry Schroeder, Louis Siegel, S. Yan Tang, 
and James Thomson. 
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CHAPTER 1 

Irrigation, Institutions,and Development 
... irrigationdevelopment must confront the issues of gover­
nanceandenlist human andother resourcesandproceduresto 
arrangeappropriateinstitutionsand organizationsin addition 
to appropriateirrigationtechnologies(Coward,1980: 16). 

Irrigation Investments and Agricultural
Productivity in Developing Countries 
The decades between 1950 and 1980 winessed an 
almost threefold increase in the total area of irrigated 
agriculture throughout the world (Cemea, 1985: 23).
Dramatic increases in the quantity of foods produced, 
particularly in developing countrie;, have resulted 
from the expansion of irrigated land the development 
of new high-yield grain varieties, and the availability 
of other agricultural inputs. In many countries, such 
as India, Indonesia, Pakistan, the Philippines, Sri 
Lanka, and Thailand, the most important factor affect­
ing the quantity of rice produced has been the amount 
of land subject to irrigation (Dhawan, 1988: 13-15; 
Carruthers, 1988: 9; Madduma Bandara, 1977: 298-
301).' The spread of irrigation has "conuibuted be-
tween 50 and 60 percent of the massive increase in 
agricultural output of the developing countries from 
1960 to 1980" (Crosson and Rosenberg, 1989: 130). 

Expanded agricultural production in developing 
countries outside of Africa has resulted from massive 
investments in large-scale irrigation projects by donor 
agencies and host countries, in addition to investments 

in new agricultural inputs and techniques. 2 The World 
Bank alone provided over $11 billion in loans for 
irrigation and drainage projects between 1947 and1985 and another $7.5 billion for area development

198 an$75an~hebllin fr aea eveopmntprojects that frequently included substantial irrigation 
activities. 3 Thirteen percent of the loans icsued by the 
Asian Development Bank during the 1970s were re-
lated to irrigation projects (United States General 

Accounting Office (GAO), 1983: 2). Some individual 
projects were very costly. The Rahad scheme in the 
Sudan, for example, cost donors and the Government 
of the Sudan $400 million. 4 The enormous Mahaweli 
project in Sri Lanka was plannced to develop or im­
prove water supply for 900,000 acres of land and for 
over 200,000 new settlers (Jayawardene, 1986: 79).
Bilateral aid agreements provided grants and import 
support to the Mahaweli project of at least $365 mil­
lion (in 1982 U.S. currency), for which no repayment 
was due (Ascher and Healy, 1990: 100). 

The Lack of Sustainability 
OfManyLarge-Scale IrrigationProjects
Even though the massive investments in irrigation
have generated higher -gricultural yields i , many
large-scale irrigation proj-c's have not been sus­
tainable in the sense that the net flow of benefits after 
the project was completed exceeded net costs. 
Failures occur when costs exceed benefits. One stand­
ard for determining economic sustainability used by 
the World Bank and other donors is to assess whether 
the economic rate of return is at least equal to, if not 
greater than, the opportunity cost of capital (Cernea, 
1987: 3). By this standard, many large-scaleirrigation 
projects have generated disappointing operationalresults (see, for example, Intemnational Bank for 
Reconstruction Development (IBRD), 1985).becost evtion Theofme Iginal Gal Tha 
benefit-cost evaluation of the original Gal Oya 
Scheme in Sri Lanka, for example, showed that dis­
counted costs excceded discounted benefits by 277 
million rupees ($51.25 million in 1957 U.S. currency) 
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(Harriss, 1984: 318). In many other projects, actual 
costs have so exceeded projected costs that economic 
sustainability is most unlikely. The costs of the corn-
pleted irrigation works for the Jamuna Irrigation 
Project in India, for example, amounted to 69.80 
million rupees ($9.07 million in 1969 U.S. currency) 
as contrasted with the estimated project cost of 39.60 
million rupees ($5.15 million in 1969 U.S. currency) 
(Asher and Healy, 1990: 147). 

The lack of sustainable irrigation infrastructure in 
many developing countries has been attributed to 
many causes. One problem has been the tendency for 
initial benefit-cost analyses to be unrealistically op-
timistic (Pant, 1984: xvii). Underlying the overly op-
timistic benefit-cost estimates are several systematic 
biases that tend to occur in initial planning efforts for 
major irrigation projects. The area to be irrigated (or 
to receive water in a second planting season) is fre-
quently much larger in the projected plans than is 
realized in practice. For instance, the area actually 
irrigated in the Uda Walawi scheme in Sri Lanka was 
one third of the projected area when the project was 
funded. Much of the land that planners presumed 
would produce two crops has only produced a single 
crop after project water was made available. !n the 
Jamuna project in India mentioned above, only 31 
percent of the targeled service area was brought under 
irrigation by 1974 when the main headworks, diver-
sion works, and distribution canals were completed(Ascher and Heal)', 1990: 143). 

Another systematic problem leading to overly op-
timistic benefit-cost ratios is an overestimate of the 
agricultural yields to be obtained after a project is 
completed. Agricultural yields obtained after project 
construction have sometimes been lower or more 
variable than anticipated in project plans. Mehra 
(1981) reports that the variability of crop yields after 
the construction and operation of major irrigation 
systems in India increased rather than decreased. 
Levine (1980: 55) reports that Iranian irrigators using 
a traditional system with minimal facilities had been 
able to achieve water-use efficiencies (water 
delivered to field inlets as a percent of water supplied 
to distribution intakes) of approximately 25 percent
prior to the construction of the Dez Pilot Irrigation 
Project. This project was "a comprehensive system, 
with a full range of controls, measuring structures, 
organizational structure, and all the other accouter-

ments of a large modem system." Six years after the 
Dez Pilot project was completed, the average water­
use efficiency in the project area had fallen to between 
11 and 15 percent. Bromley (1982) reports similar 
reductionsinwater-useefficienciesaftertheconstruc­
tion of major projects throughout Asia. 

Another major cause of the lack of sustainability 
of irrigation projects is underinvestment in recurrent 
costs associated with the operation and maintenance 

(O&M) of systems once construction is completed. A 
World Bank study of 48 recently constructed irriga­
tion projects showed that O&M expenditures were at 
the level agreed upon with the host government in 
only one half of the projects. "Clearly many were 
already well on their way to becoming fashionable 
rehabilitation projects" (Carruthers, 1988:9). In 1983, 
the U.S. General Accounting Office conducted a sur­
vey of AID-funded irrigation projects in Indonesia, 
Sri Lanka, and Thailand and found many of them in 
poor condition because O&M activities had not been 
undertaken (GAO, 1983). The GAO report found that 
each of these countries delayed routine maintenance 
until deterioration of the systems wasextreme enough 
to require rehabilitation, largely funded by donor 
agencies. GAO concluded that: 

Aprimary reason for this is inadequate fund­

ing of the day-to-day regular operation and 
maintenance, or recurrent costs.... O&Mfunds must come from the host governments,
the system users, or dornors through addition­
al or redirected assistance. Host-government 
budgets have been inadequate and user fees 
have not been collected regularly. Donors 
normally restrict their financial invol, ment 
to designandconstructionandviewoperation 
and maintenance as a recipient country 
responsibility (GAO, 1983: 6). 

The report contained the following specific 
findings: 

• 	At Indonesia's Luwu Irrigation Project, it was 
evident that no routine maintenance was 
being performed (ibid.: 6). 

.	 At Indonesia's Rural Works' subproject sites, 
we found heavy erosion damage to canal 
banks. In addition there was siltation and 
weed growth which eventually can restrict 
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water flows. There were signs of vandalism at 
all of the Sederhana subproject sites visited 
(ibid.: 6-7). 

At Sri Larnka's Mahaweli Irrigation Project, 
we saw many examples of poor operation and 
maintenance, including weed growth in canals 
and more evidence of farmer vandalism 
(ibid.: 7). 

In Thailand, at all three irrigation projects we 
saw silt and weeds in the canals and holes and 
cracks in the concrete canal linings. Small, un-
attended problems gradually grow until major
repairs are needed (ibid.: 7). 

Perverse Incentives 
Underlying all of these problems are - variety of 
perverse incentives. These lead to the overestimation 
of benefits to the producers and consumers of agricul-
tural products, the underestimation of costs of sustain. 
ing irrigation projects, and the actual underinvesment 
in operation and maintenance activities on irrigation
projects in many developing countries. Project en-
gineers face strong pressures, for example, to focus on 
the design of physical works while ignoring social 
infrastructure and to focus on larger, rather than 
smaller, projects. Farmers on large-scale projects face 
perverse incentives associated with their lack of con-
troloverwateravailabilityandsubstantialtemptations 
to 7,,frain from contributing resources to maintenance, 

The initial plans for many of the major irrigation
projects indeveloping countries have focused almost 
exclusively on engineering desipns for the physical
systems. Distribution of water to farmers and sub-
sequent maintenance were frequently not addressed 
(Chambers, 1980; Bottrall, 1981).6 In the Sri Lankan 
Mahaweli project, planning focused exclusively on 
the physical systems and ignored organizational ques-
tions. 

It was assumed by the planners that the 
farmers in each turnout would, on their own, 
organize themselves for the equitable dis-
tribution of the water allocated to them. They
also assumed that the farmers would maintain 
their field channels and irrigation structures 
on their own (Jayawardene, 1986: 79). 

The engineering bias rapidly triggers perverse in­
centives for the irrigators. An evaluation of the 
Mahaweli project five years after completion found 
that only one halfof the farmers being served receivedwater through authorized outlets from canals (Corey,
1986). The other half obtained water through illegal
diversions or from drainage out of other fields. In­
stead of following regular rotation systems, farmers 
blocked and unblocked the ditches and outlets trying 
to get more than their authorized shares. At times, 
upstream irrigators were able to obtain the full flow 
of an irrigation canal. Corey described one incident in 
the following way:
 

In one case, an unauthorized breach was ob­

served to be taking the entire supply of waterfrom aditch. The downstream farmer said he 
was not able to obtain water to irrigate his 
paddies even though he had appealed to the 
farm leader. When asked why he did not close 
the breach himself, he said he was afraid of 
being assaulted by the man who had made the 
breach. When the farm leader was asked why
he permitted this situation to exist... he said 
he was afraid to take further action on his own 
initiative for fear of being 'hammered' by the 
offending farmer (Corey, 1986).
Such incidents are frequent on large-scale irriga­

tion projects. "Common practices include construct­
ing illegal outlets, breaking padlocks, drawing off 
water at night, and bribing, threatening, or otherwise 
in some way inducing officials to issue more water" 
(Chambers, 1980: 43). The initial lack of attention to 
such questions or organization leads to uncertainties 
in water deliveries and water rights. With such uncer­
tainties, farmers are less willing to try new seed 
varieties or adopt the associated cropping schedules. 
Unpredictable availability of water also induces 
farmers to avoid investments in construction and 
maintenance of field channels. 

One majorbias that has characterized much of the 
planning for irrigation projects in developing
countries is an assumption that large projects produce
the most benewfits. Considerable evidence, however, 
indicates that smaller projects-minor irrigation
works-have ahigherpotential forsubstantial returns 
than many large projects. Adecade ago, Roy (1979) 
assessed the progress of the Green Revolution in 
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northern India and identified small irrigation systems 
as the key factor that led to the most impressive 
productivity increases. After a sweeping analysis of 
irrigation experiences in Africa, Moris (1990) con-
cludes that higher returns are possible in small-scale 
projects than in large-scale projects. 

Many factors contribute to the support of large 
irrigation projects. Farmers themselves may favor 
large-scale projects because they believe that these 
projects will be provided to them at low costs. Water 
from large-scale projects is frequently highly sub-
sidized (if not entirely "free"). Farmers' support for 
low-cost water is quite understandable. Projects that 

suppGrt credit to farmers to renovate small-scale 
projects place the risk on the farmer rather than on the 
donor agency or host government. While farmers will 
support such projects if other types of projects are not 
foreseen, the hope ofobtaining free benefits frequent-
ly leads farmers to support large-scale projects, 

The settlers on some large irrigation systems have 

so little choice regarding which crops to plant, how to 
use the land, which inputs to purchase, and when to 
sell c;ops that yields are consistently lower than 
predicted. Settlers commonly attempt to find work 
outside the project ratherthan devoting theireffortsto 
increasing agricultural yields. For example, the mas-
sive (882,000 ha) Gezira Scheme in the Sudan 
delimited 102,000 tenancies in which tenants were 
given almost no independent decision-making 
aithority over the land's use (Barnett, 1977). Until 
1980, a joint account system was in use on this and 
most other irrigation schcmes in the Sudan. Under this 
system, a disproportionate share of s)stem operating 
costs (which included costs for growing crops other 
than cotton) was deducted from cotton revenues. 
Tenants were then allocated a return using a set for-
mula regardless of their own productivity. With these 
perverse incentives, it is little wonder that the level of 
cotton productivity steadily declined; tenants were 
inclined to grow crops other than cotton and to gain 
employment outside the scheme altogether. Presently, 
even after the adoption of an individual account that 
pays tenants for the amount of cotton harvest from 
their assigned tenancy, more than half of the labor 
requirements on the project are met by migrant labor 
(Plusquellec, 1990: 33). 

._.A
 

In developing countries, politicians may derive 
more electoral support from -Announcing a major new 
irrigation project with a large area serving many in­
dividuals than from announcing acredit program that 
willhelpmany small-scale irrigation systems improve 
their facilities or expand their service areas by a small 

amount. Agency officials are professionally en­
couraged to promote and reward for supporting 
projects that deliver water to as many farmers and as 
much land as possible. The result is agency support 
for large projects and a tendency to exaggerate the 
actual area served by many large-scale projects in 
official records. 

The persistent problems with the design, construction, 
operation, management, and use of irrigation projects 
have led donors and national governments to reassess 
the emphasis on engineering in irrigation planning and 
to stress the importance of organizing farmers to make 
the most effective use of the capital investment. TheAsian Development Bank was among hce early advo­
cates of farmer organization: 

The success of an irrigation project depends 
largely on the active participation and 
cooperation of individual farmers. Therefore, 
a group such as a farmers' association should 
be organized, preferably at the farmers' in­
itiative or if necessary, with initial govern­
ment assistance, to help in attaining the ob­
jective of the irrigation project. Irrigation 
technicians alone cannot satisfactorily 
operate and maintain the system (Asian 
Development Bank, 1973: 50). 
A decade later, an evaluation team sponsored by

USAID to undertake a worldwide, comprehensive 
evaluation of irrigation projects concluded that "too 
often the effort begins with construction to the original 
blueprint, with complete neglect of the social, institu­
tional, and managerial dimensions" (USAID, 1983: 
90). The team called for organizing fanner participa­
tion in allocating, financing, and maintaining major 

imgation systems. 
At the same time, the 1983 GAO study pointed to 

the need for establishing farmer cooperation on most 
major irrigation projects, given the large numbers of 
very small farmers served by man) irrigation projects 



---

indevelopingcountries. "Withoutclosecooperation," 
the GAO report argued, "some farms will receive 
more water than needed, others will do without, and 
routine maintenance will not be shared among all 
those receiving irrigation benefits" (GAO, 1983: 36).
This report also urged the establishment of water-user 
associations that could undertake most of the routine 
maintenance on distributory canals, as well as articu-
late the needs and interests of the farmers to project
officials. In the 1990s, almost all major donor agen-
cies are concerned that future irrigation projects in-volve major efforts to organize farmers to develop
effective rotation or other allocation schemes and to
maintain the field-level irrigation works themselves, 

Organizing farmers isnow stressed in documents 
written by donor agencies, host governments, and 
development scholars (see Brown and Korten, 1989).
Some notable success stories have occurred. The es-
tablishment of effective farmer organizations on the 
San Lorenzo Irrigation Project inPeru helped farmers 
to increase agricultural productivity substantially. The 
farmers there have undertaken responsibility for al-
locating water and for canal maintenance. The upkeep
of the system has thereby been enhanced. Project
benefits continue to be sustained long after the project 
was completed (Cemea, 1987). 

Similar successes were achieved by the Mexico 
Third Irrigation Project (ibid.). This project involved 
a successful revitalization of previously existing, but 
relatively inactive, ejido organizations. Membership
in the ejidos continued to grow steadily after project 
completion. More than five years after the official
project was completed, farmers who were members 
of the ejidoshad earned a threefold increase in average
farm income, were undertaking new entrepreneurial
functions, and were sustaining their previous ac-

tivities. Unfortunately, not all government-owned
systems in Mexico have been as successful as the 
Mexico Third. 

In addition to government-owned irrigation
projects in Mexico, there are around 13,700 farmer-
owned irrigation systems, called Unidadesde Reigo,
that were responsible for irrigating over 1.5 million 
hectares in 19&2. The Unidades are "structured and 
operated as Irrigation Communities (they own the 
infrastructure, operate it as a common property 
resource, charter the CEO, and duties and benefits are 

tightly integrated)" (Hunt, 1990: 149). Given these 
institutional differences between government-owned
and famer-owned systems, participation on farmer­
owned systems is rarely problematic. As Hunt con­
cludes: "There is no question about the presence of 
farmer participation in these systems: The farmers 
manage the system, perform maintenance, and pay for 
all the O&M" (Hunt, 1990:150).

Plusquellec(1989)describesthesuccessfulefforts 
of the Colombian Govecrnment to transfer manag­
of e ponbilitien to tr ser nian ament responsibilities to water-user associations on a 
gradual basis. Amedium-sized project in the Coello
district-one of the first projects to be turned ovi;has been successfully maiaged by a water-user 
association since 1976. The system is well main­
tained. The costs of operation and maintenance are 
modest (US$35 per hectare in 1989) and fully covered 
by a water charge collected from all farmers served 
by the district (ibid.: 4). The experimental program
successfully adopted within the National Irrigation
Administration of the Philippines has also 
demonstrated that invclving the active participation of 
farmers in the earl), stages of project planning and in 
mobilizing the resources needed to reconstruct physi­
cal works can enhance the long-term sustainability of 
projects (F. Korten and Siy, 1988; see discussion in 
Chapter 5). 

A World Bank evaluation of major development
projects, demonstrating long-term sustainability,
stressed the role of successful farmer organizations in 
these projects: 

A major contribution to sustainability came 
from the development of grass roots or­
ganizations, whereby project beneficiaries 
gradually assumed increasing responsibility 
for project activities during implementationand particularly foliowing completion... 
Where grass roots organizations thrived therewere certain distinct qualities inherent in their

growth and in their relationships to project

activities. These included some form of
 
decision making input into project activities,
 
a high degree of autonomy and self-reliance,
 
a measure of beneficiary control over the
 
management of the organization, and the con­
tinuing alignment of the project activities
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with the needs of the beneficiaries, (IBRD, 
1985: 35-36). 

In some regions, farmers have been organized for 
long periods of time, and existing farmer organiza-
tions are quite effective. For example, "the most ef-
fective water user associations" visited by a GAO 
team in 1983 were the Balinese Subaks in Indonesia 
(GAO, 1983: 38). 

Their irrigation systems appeared to be well 
maintained and in excellent condition. The 
Subaks had, in most instances, designed and 
constructed their own systems; the religious 
and ethnic structures were an important part 
of the association; each Subak had a strong 
organizational stacture; and fees were col-
lected to help operate and maintain the system 
(GAO, 1983: 38). 

The Balinese Stbak have been organized overthe 
centuries by the farmers themselves without guidance 
from central authorities. While general principles of 
organization are used by all Subaks, the specific rules 
used in each Subak vary to cope with the specific 
problems faced in governing each individual system 
(GeerLz, 1980). Strong, indigenous irrigation institu-
tions also exist in the Philippines and in Nepal and 
have outstanding records with regard to sustainability 
(see Uphoff, 1986; Coward, 1980; Pradhan, 1989; 
Sampath and Young, 1990). 

While organizing farmers is now acknowledged 
tobeakeyingredientof successful irrigationprojects, 
many projects are not as successful in stimulating 
grassroots organizations as those described above. On 
the Sriramasagar Project in India, for example, 
government officials met in the mid-1970s with 
farmers on thousands of outlets to create Pipe Com-
mittees so that water distribution, rule enforcement, 
and conflict resolution could be turned over to these 
farmers' groups. While farmers came to the initial 
meetings in considerable numbers, no real organiza-
tion took root (Singh, 1983). On the Mula Project in 
Maharashtra, PaniPanchayatswere reported to have 
been established on 24,000 hectares by 1985 (Patil, 
1986, cited in Chambers, 1988: 90). But these paper 
organizations were not much more than "mere 
euphemisms" for the meetings held by project 
authorities to inform farmers of administrative 

decisions that had been made. In reviewing the 
reasons for failed efforts to organize the farmers, 

Chambers concludes that farmers cannot be organized 
through "persuasion or fiat" and "will only participate 
if they see some gain from doing so" (Chambers, 
1988: 90; see also Gillespie, 1975). 

The effort to develop farmer organizations has 
frequently consisted of central officials designing the 

skeletal structure,of the type of organization they will 
formally recognize. This design is then viewed as a 
predetermined "blueprint" for how farmers will or­
ganize themselves. On some projects, officials have 
ignored preexisting irrigation associations and have 
recognized only their own newly established farmer 
organizations (see discussion in Coward, 1985: 33­
36). On other projects where efforts have been made 
to organize farmers, farmers meet and elect the offi­
cials they are requestcd to elect, but any further or­
ganization is thwarted. 7 Farmers resist efforts to 
develop water allocation procedures and refuse to 
participate in the maintenance of the field canals. 
Consequently, officials peiceive farmers as intran­
sigent, irresponsible, and irrational. The failure of 
these projects to meet predicted benefit levels is 
blamed on the farmers rather than on engineering 
designoron the lack ofeffective institutional develop­
ment.8 

Irrigation in the Twenty-First Century 
While irrigation investments in the later part of the 
twentieth century have frequently not been sus­
tainable, they have helped to produce the spurt in 
agricultural yields needed to avert amassive shortfall 
offood to feed the growing population ofthe develop­
ing world. While population levels have steadily in­
creased during the past four decades, agricultural 
productivity has increased still faster. Unless far more 
effective irrigation institutions are designed in the 
future, it is unlikely that increased agricultural 
production will continue to outstrip increased popula­
tion levels in developing countries. This isthe case for 
several reasons: 

-The least expensive sites for irrigation 
development have already been developed in 

develop nt res.Te develof n 
mostmeeloin cries. Thects one 
investments in large-scale projectsTend to rise 
faster than farm produce prices. Thus, the 
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rate of new irrigation water made available to 
farmers from new, large-scale projects will 
slow considerably (Yudelman, 1989: 66, 74; 
Dhawan, 1988: 240; Moris and Thorn, 1990: 
39-40). 

Maintaining current irrigation projects at full 
operating capacity will become more expen-
sive given the lack of maintenance provided 
during the past several decades (Yudelman, 
1989: 68). 

" Further dramatic increases in the yield poten-
tials of crops are somewhat unlikely, 

"	Many environmental problems resulting fromI 
past investments in irrigation are now becom-
ing apparent, and opposition to the construc-
tion of new, large-scale irrigation projects isgrowng Yudlma,189: 9-7; MrisandbodiedThon, 1990: 33-39; Kaye, 1989: 16). 

As a consequence of all of these problems, fewer 
investments in new irrigation projects will be made in 
the future than have been made in the last several 
decades. 10 To get more irrigation water to the farmer 
at the times and places that are most important for 
increasing agricultural yields, major improvements in 
the operation and maintenance of existing irrigation 
systems must be made. A study of40 irrigation service 
areas in Pakistan, for example, found that "5 million 
acre-feet of scarce water could be saved in the Punjab 
and Sind for field application simply by proper main-
tenance of the local community watercourses" 
(Freeman and Lowdermilk, 1985: 107). While some 
improvements in the operation of existing irrigation 
systems can come from better physical structures, 
particularly control structures, the key problems relatetofcinhe ncetivs nd ongoficils armrs.So 
to the incentives facing officials and farmers. So longfaceas few individuals are motivated to operate and main-
tain irrigation systems effectively, actual agricultural 
yields produced in areas served by large-scale irriga-
tion projects will continue to be disappointing, 

The Importance of 
InstitutionalDesign andSocialCapital 
Over the next several decades, the most important 
consideration in irrigation development will be that of 
institutional design. Institutionaldesign is the process 
of developing a set of rules that participants in a 

process understand, agree upon, and are willing to 
follow. An embedded institutional design is a form of 
social capital, in the sense developed by James 
Coleman (1988). Coleman defines social capital as 
those aspects of the structure of relationships between 
individuals that enable them to create new values.
Physical capital is embodied in the tools, machines,
and physical works that enable individuals to produce
goods and services. Human capital is created by 
"changes in persons that bring about skills and 
capabilities that make them able to act in new ways" 

(Coleman, 1988: sl00). Social capital, on the other 
hand, is created "through changes in the relations 
between persons that facilitate action" (ibid.). 

If physical capital is wholly beingembodied in observab:le material form, and 
human capital is less tangible, being em­

fangible, 

in the skills and knowledge acquired
by an individual, social capital is less tangible 
yet, for it exists in the relationsamong per­

sons. Just as physical capital and human capi­
tal facilitate productive activity, social capital 
does as well. For example, a group within 
which there is extensive trustworthiness and 
extensive trust is able to accomplish much 
more than a comparable group without that 
trustworthiness and trust (Coleman, 1988: 
s100-101). 
Designing institutions involves the creation of 

new forms of relationships between individuals. In­
stitutional design is quite a different process than that 
of engineering design. As experience with organizing 
farmers overthe last several decades has shown, simp­
ly giving individuals organizational blueprints is not 
e 

equivalent to changing the incentives and behavior ofthose individuals. Nor is the problem simply that of 

design engineers, constaction firms, and the officials 
responsiefr oertin and t iiao 
systems. Both the failure of many irrigation projects 
to achieve sustainability and the failure of many ef­

forts to organize farmers illustrate a pervasive lack of 
understanding as to how effective institutions arecrafted over time. 

This report outlines an approach to the design off 
irrigation institutions. The approach is of use to offi­
cials in donor agencies, host governments, and other 
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agencies or organizations involved in the design, 
operation, and maintenance of irrigation projects in 
developing countries. The central thesis is that the 
crafting ofirrigation institutions is an ongoing process 
that must directly involve the users and suppliers of 
irrigation water throughout the design process. In­
stead of designing a single blueprint for water-user 
organizations to be adopted on all irrigation systems 
within a jurisdiction, officials need to enhance the 
capability of suppliers and users of irrigation systems 
to design their own institutions, involving suppliers 
and users directly will help ensure development in-
stitutions that are well-matched to the particular 
physical, economic, and cultural cnvironment ofeach 
system. 

While this approach presumes that the participants 
themselves need to be involved in the design of thLir 
own institutions, itdoes not presume that good institu-
tional designs spring up naturally as the result of 
spontaneous organization. Government officials and 
donor agencies can and should play an active role in 
enhancing the design process and monitoring the 
results. The role proposed for central governmental 

officials and for donor agencies is, however, quite 
different from that proposed by earlier studies that 
called for the creation of many user organizations all 
based on the same institutional design. 

The proposals for reform that grow out of the 

approach summatzed in this volume are presented at 
the end of Chapter 5. But first, Chapters 2 through 4 
describe the general approach to the institutional 
analysis of irrigation systems, since it differs sig­
nificantly from many of the current approaches to the 
study ofdevelopment processes. Chapter2 focuses on 

theni an of vieingniutions ars 

formal legislation without participation by those af­
fected. Chapter 3provides an overvicw of the process
of crafting institutions. Chapter 4 presents the design 
principles derived from an intensive study of long­
enduring, self-organized irrigation systems located in 
many different countries. Finally, Chapter 5 focuses 
on the problems of applying these design criteria in 
efforts to improve both government-owned and 
farmer-owned irrigation systems. 
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Chapter I Noies 
1.The introduction of high yield vatieties has not always been associated with higher yields (see B)me, 1986). For adiscussion of agricultural technology see Groenpladt and Moock (1989). 
2. The riationship of labor, land, and other agricultural inputs in most of Africa is considerably different than it is inmost of the other developing regions. Land is abundant and labor is relatively scarce throughout most of Africa. Effortsto expand agriculural prc,,uction through massive irrigation projects in Africa have been far less successful than in Asia
(Moris and Thorn, 1990; Binswanger and Pingali, 1988). 

3. Computed from the annexas to Yudelman (1985). 
4. The Rahad project is among the most centralized, large-scale projects undertaken with donor funding. A project
evaluation noted that: 

From recruiting and settling tenants to their possible evictioln due to failure to meet contract conditions,
th- corp,)raLion maintains strict authority. It provides all agricultural inputs and markets and processes
the cotton production. More than this, through controlled monitoring and sanctions it supervises wha'decision-making is to occur on each tenancy and assesses all costs against profits (Benedict, et al., 1982: 
5). 

The evaluation concluded that the low production efficiency of the project resulted from the "top-down management
structure" that sacrificed obtained, critical knowledge from practicing farmers (ibid.: 1'7). 
5. "World grain production increased from 620 million tons in 1950 to 1,660 million tons in 1985, and the average yield 
per harvested Lzctarc climbed from 1.1 tons to 2.6 tons (Wolf, 1986: 9). 
6. Freeman and Lowdermilk (1985: 96) provide the following oerview of the design process: 

In most large-scale systems, especially in Asia, the upstream control systems are designed without regardto the problems faced by farmers in securing local control over irrigation water. Engineers traditionally
have provided a transport system for water via rivers, canals, reservoirs, and diversion structures. Theyhave assumed that if water flowed in the general direction of command area, good water management at
the lo:al level would evolve automatically simply because it was needed. 

7. David Groenfeldt describes tvAo such systems in which there are "farmer leaders" but no "fanner organizations." 
In Kalankuttiya, there is a farmer representative who is elected every three years; however, many farmers
don't know who he is, and those who do know rarely communicate with him. In Dewahuwa, a farmer 
representative is selected by farmers to coordinate the farmers within a turnout group. However, a turnoutgroup can have as many as 50 farmers who may or may not be located in the turnout, may or may not be owners of the land they cultivate, and may or may not know each other on a personal level. Farmer
representatives for each turnout meet periodically with irrigation officials, but it would be inaccurate to 
say that they represent a group consensus amorg turnout farmers (quoted in Colmey, 1988: 4). 

8. The frequency with which farmers are blamed for irrigation project failures is the stimulus for the following satirical 
characterization of the six phases of irrigation project developrmient: 

The first phase is the designers' high enthusiasm and publicized expectations. Second comes disilhIion­
met, when the implementors discover Lat the designs are sorrowfully inadequate. The third phase is 
one of panic, when the operational staff discovers that the system will not operate as designed. Fourth 
comes tie search for the guilty, characterized by a round robin of blame among designers, implrmentors,
operators, and extension workers. Naturally, the fifth phase consists of blaming the innocent-that is,
the farmer who had nothing to do with designing. implemening, operating, or extending the system.
Thus, reports sadly conclude that ignorant and stubborn farmers remain set on destroying structures,stealing water, and creating all kinds ofother problems and in general will not cooperate with well-mean­
ing project authorities. Phase six is the time for praise; if a system works at 40 to 50 percent of design
efficiency the praise and honor for the success go not to the planners, engineers, technicians, or the 
farmers, but the politicians (Freeman and Lowdermilk, 1985: 91-92). 

9. Yudelman (1989) reports that: "discussions with [World) Bank Staff indicate that average costs per additional hectareirrigated by some new prrjects have increased from less than S1,000 to over S5,000, and in a few cases, have even 
reached S10,000." 

10. lan Carruthers (1988) summarizes a recent FAO report that estimated the rate of growth of irrigated agriculture was5 percent per annum in the period of 1965 to 1975 and that ii fell to 1.5 percent per annum during the next decade. 
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The concept of institutions is crucial in analyzing why 
many institutions esi3blished for the supply and us 
of irrigation water create perverse incentives leading 
to the nonsustainability of irrigation projects. In the 
development literature the term "institution" refers to 
several different concepts. It can refer to a specific 
organization in a particular country, such as the 
Department of Irrigation; it can describe established 
human relationships in asociety, such as family struc-
ture (i.e., the institution of the family); or itcaii denote 
the rules that individuals use to orderspecific relation-
ships with one another. This paper uses the term 
"institution" in this latter sense: an institutionissimp-
ly the rules actually used (the working rulesor rules-
in-use) by a set of individuals to organize repetitive 
activities that produce outcomes affecting those in-
dividuals and potentially affecting others. Hence, an 
irrigation institution is the set of working rules for 
supplying and using irrigation water in a particular 
location. 

Working rules are used to determine who is 
eligible to make decisions in some arena, what actions 
are allowed or constrained, what procedures must be 
followed, what information must or must not be 
provided, and what costs and payoffs will be assigned 
to individuals as a result of their actions (E. Ostrom, 
i986a). A r rules contain prescriptions that forbid, 
permit, or lequire some action or outcome. Working 
rules are those actually used, monitored, and enforced 
when individuals make choices about the actions they
will take in opera&:onal settings or when making col-

CHAPTER 2
 

Institutions as Rules-in-Use 

lective choices (Commons, 1957). Enforcement may 
be undertaken by those directly involved, by the 
agents they hire, by extemal enforcers, or by a co.n­
bination of these. Rules are useless unless most people 
whose strategies are affected by rules know of their 
existence, expect others to monitor behavior with 
respect to rules, and anticipate sanctions for noncon­
formance to them. Inother words, working rules must 
be common knowledge and must be monitored and 
enforced. 

Common knowledge implies that every par­
ficipant knows the rules, knows that others know the 
rules, and knows that others also know that the par­
ticipant knows the rules. 1 Institutional rules must be 
known, understood, and followed (in a high propor­
tion of relevant instances) by more than a single 
individual. By contrast, prescriptions that an in­
dividual imposes on personal actions without expect­
ing others to impose the same prescriptions on their 
actions are norms or moral strictures and are not 

included in this definition of rules. 
Working rules may or may not closely resemble 

formal laws that are expressed in national legislation, 
administrative regulati's, and courtdecisions. Asys­
tern that isgoverned b, a"rule of law" is one in which 
formal laws and working rules are closely aligned and 
enforced. Although formal laws are often a major 
source of the working rules used in many irrigation 
systems, particularly when conformance to these laws 
is actively monitored and sanctioned, this is not al­
ways the case. On some irrigation systems, the work­
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ing rules used by irrigators differ considerably from 
legislative, administrative, or court regulations (see,
for examplc, Wade, 1988). The difference between 
working rules and formal laws may involve no more 
than the "filling out" of the lacunae left in a general 
system of law. More radically, working rules may 
assign defacto rignts and duties that are contrary to 
the dejure rights and duties of a formal, legal system. 
Communities of irrigators may use their own institu-
tional arrangements to reach accommodations at 
variance with the formal rules established by edict. 
Because rules-in-use are not equated to written laws 
orregulations, rules-in-usearenotdirectlyobservable 
phenomena. It is the activitiesorganized by rules that 
can be directly observed. 

Visible Activities and 
Organizations-invisible Institutions 

An engineer designing a new irrigation system is 
observed wurking at a drafting table preparing draw-
ings or blueprints. A water distributor isobserved on 
a canal opening or closing valves and farm-gates to 
allow the water to flow inpredictable ways. Afarmer 
isobrzerved clearing weeds from a field channel. Are 
these activities organized by a set of rules? If these 
activities are related to irrigation works that jointly 
affect a group of individuals (rather than being con-
fined to the land of a single individual), then the 
answer is almost certainly yes. The kind of training 
the engineer has received before undertaking this 
activity, how the assignment to design the system was 
given to the engineer, what type of works are con­
sidered, the objectives and constraints on the design 
process, and how the engineer will be rewarded for 
the design are all affected by the rules used in a 
particularsetting. Similarly, how the waterdistributor 
obtained his or her position, how the water is being 
distributed, and how the distributor obtains money (or 
other resources) from an employeror from the farmers 
are all affected by the rules used in a particular setting. 
Which channels are cleared by farmers and at what 
time they are cleared arc also affected by the rules-in-
use of an irrigation system. 

Most of the rules affecting the engineer (such as 
those related to the prior training of adesign engineer) 
may conform to the formal administrative procedures 
of a particular ministry. If these formal requirements 
are consistently waived for individuals closely related 
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to important governmental officials, however, the 
rules-in-use differ from the formal requirements. 
Other rules affecting the engineer's work may not be 
specified in formal law but have instead evolved in 
situ.For exampl, if external donor assistance will be 
requested to help finance the construction of new 
irrigation systems, maximizing the number of in­
dividuals that could potentially be served by these 
systems may be an explicit orimplicit design criterion 
that is used in evaluating the engineer's work. Thus, 
the design criterion affects the engineer's incentives. 

S t w d 
Similarly, the water distributor's activities are 

likely to be affected by a diverse set of formal laws or 
administrative procedures as well as many shared 
understandings tha' hkve evolved locally about 
payoffs for activities. Some of these understandings 
may stand in direct opposition to formal legislation oradministrative procedures. Accepting bribes fr-nm 
local farmers for delivering water to them is usually 
forbidden in the formal procedures of irrigation agen­
cies. Insome agencies, however, the activity of being 
paid for waterdelivered is so routinized that the exact 
price for various types of servicec performed is well­
known to all farmers and to most officials working in 
the agency (see Wade, 1982a, 1982b). Finally, the 
observed canal cleaning activities of the farmer may 
be the result of an agreement with one or two neigh­
bors, in which e..ch will clean the canal adjacent to 
their own land; this may be part of a complex set of 
agreement- embedded in the working rules of a 
farmers' association. 

The activities undertaken by the engineer, the 
waterdistributor, orthe farmermaybe organized with 
respect to the rules of a particular organization such 
as an irrigation depament or a water-user associa­
tion. Organizations, like activities, are frequently 
easier to observe and measure than the rules-in-use of 
an organization. Many activities, particularly those 
related to irrigation, are the result of multiorganiza­
tional arrangements. The water distributor may be 
trained by an irrigation department but paid by a 
water ;,er association, as in some systems in Taiwan,for example (Levine, 1980). Most large-scale irriga­
tion systems involve the activities of several different 
organiza.ions, including international donors, nation­
al governments, private contractors, and water-user 
organizations. 



Rules-in-use are similar to knowledge-in-use in 
the sense that they are invisible to direct observation, 
For example, we can observe an individual's record 
of formal education to learn about his or her course of 
study and the number of years of education com-
pleted; however, we cannot directly observe the actual 
knowledge that an individual uses in undertaking ac-
ivities, nor can we know the exact source of this 

knowledge. 

Determining what rules are in use on a system is 
also similar to determining knowledge-in-use. To as-
sess the level and type of knowledge an individual 
uses, we need to ask questions of ortest that individual 
and also observe how the individual performs various 
tasks. Similarly, to ascertain what rules a et of in-dividuals uses, we need to ask questions of those 
individuals andobserve how they perform activities,
Aingviuests and adminishowte),er atiiesAsking questions and admiristering tests (such as 
achievement tests) to determine the level and type of 
knowledge possessed by individuals are essential but 
imperfec! measures of knowledge-in-use. Better as­sessments are gained by complementing these tests 
with watching how individuals solve particular 
problems. Similarly, the task of determining the rules 
used by the suppliers and users of an irrigation sys-
tem cannot be completely determined by an outsider 
asking questions. More valid assessments come from 
long-term observation of how the individuals supply-
ing and using irrigated water undertake organized 
activities. 


On some systems, events or markers that directly
rt'sult from behavior that conforms to rules-in-use 
may be observable. Property rights to water, for ex-
ample, are often physically manifested in the weirs 
used on irrigation systems to allocate water to chan-
nels serving particular farmers (Coward, 1980). In 
Nepal, for example, the property rights of different 
participants in some hill irrigation systems are imple-
mented through the use of wooden proportioning
weirs called saachos to allocate water automatically 
(see Pradhan, 1989). The weirs operate to distribute 
water in conformance to well-specified property
rights to water. Here physical markers make visible a 
set of shared understandings concerning who should 
receive what proportion of the flow of an irrigation 
system. 


On the other hand, the piesence of physical
markers associated with particular rules may give
false impressions. In the early 1970s, considerable 
pressure was exerted by government officials in many
regions of India to establish rotational water systems
similar to the traditional warabandisystems used 
since the nineteenth century in northwest India and 
Pakistan (Chambers, 1988: 92). Warabandi boards 
were posted to provide general information about the 
day of the week and time ,,hen water was supposed 
to be allocated to a particular farmer. Casual inspec­tion would seem to indicate that an allocation rule 
. 

involving strict rotations was in force. On some of 
these systems, however, the boards only signified a 
failedfarmers.effort by outsiders to fnipose foreign rules onlocal Two out of five farmers served by 
systems supposedly using the "new warabandi' rules
could not tell a survey taker the day and time of theirowtunOefurhfterspdnsculnt 
own turn. One fourth of the respondents could not 
describe what a warabandidistributional system was 

The difficult), of observing institutions frequently
results in two errors. The first is the assumption that 
the rules-in-use are always the same as formal laws or 
procedures. The second error is the assumption that 
no institutions exist except for th-ose that have been 
formally created through governmental actions. Both 
errors reflect alack of understanding of how to create, 
maintain, and use social capital. 

The first error-assuming that institutions areequivalent in practice to what has been written in 
formal legislation-leads to a misplaced confidence 
in the effectiveness ofchanging behavior by changing
formal law. Inapolity characteized by ahigh confor­
mance to legal prescription, working rules will fill in 
the details of general legislatior Ina system where a 
rule of law does not prevail, working rules may vary
substantially from legislation-particularly legisla­
tion drafted by officials located in distant capital
cities. If analysts erroneously assume that individuals 
autmatically learn about, understand, and use all the 
ruies contained in f-rmal laws, the devel3pment 
strategy adopted will .ocus primarily on the activities 
of central legislatures and administrative agencies,
with little attention to what actually occurs in the field. 

The second error-assuming that no institutions 
exist unless created by governmental action-may 
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lead to actions that destroy existing institutions. 
Coward (1985) repornd that farmers in the Philip-
pines, who had already invested many years in craft-
ing local institutions, discovered that new inigation 
projects presumably designed "for their benefit" were 
destructive of the very institutional capital they had 
worked so hard to create. 

Why Do InstitutionsMatter? 
If institutions are invisible, why do they matter? 
There are several reasons. Institutions shape the pat-
tern of human interactions and the results that in-
dividuals achieve. Institutions may increase the 
benefits from - fixed set of inputs; conversely, they 
may lowerefficiency so that individuals have to work 
harder to achieve the same benefits. Institutions shape 
human behavior through their impact on incentives. 

The coicept of incentives involves more than just 
financial rewards and penalties. incentives are the 
positive and negative changes in outcomes that in-
dividuals perceive likely to result from their taking 
particular actions within a set of working rules, corn-
bined with the relevant individual, physical,and social 
variables that also impinge on outcomes. Chester I. 
Barnard, an administrative practitioner of great skill 
and a cogent observerof organizational life, provided 
a relatively comprehensive overview cf the concept 
of incentives. He summarizes incentives as: 

" material inducements-money or goods; 

" opportunities for distinction, prestige, and per-
sonal power; 

" desirable physical conditions of work---clean, 
quiet sunound;.,s, for example, or a private 
office; 

" pride of workmanship, service for family or 
others, patriotism, or religious feeling; 

" personal comfort and satisfaction in social 
relationships; 

" conformity to habitual practices and attiiudes; 

" feeling of participation in large and important 
events. 2 

Incentives are derived from multiple sources. One 
source is th-. internal value that individuals assign to 
different outcomes and the activities needed to 
achieve those outcomes. Foi' example, an individual 
with a strong preference for equitable outcomes will 
engage in more activities directed toward fairdistribu­
tion A second source is the physical and technological 
vaaibles that affect the transformation of activities 
ito outcomes. Without animal or mechanical power, 
the amount of effort that it takes to accomplish some 
objectives is so great that individuals face a disincen­
tive to attempt to achieve desired ends, such as build­
ing a permanent diversion dam. A new technology 
changes the relative costs and benefits so that what 
was once perceived as infeasible may become 
feasible. 

A third source of incentives is the general cultural 

values shared by individuals in a community. En­
gineers, for example, are strongly motivated by 
professional values. The farmers using an irrigation 
system are motivated by ethnic, religious, caste, vil­
lage, and family value systems. If the cultural values 
of two interacting groups differ suostantially, these 
groups may face entirely disparate incentives even 
though their physical situations are relati- ely similar. 

A fourth source of incentives is the rules-in-use 
that relate to specific situations in which individuals 
repeatedly find themselves. Rules determining who 

has access rights to the water in a particular system 
affect the perceived costs of various individuals who 
might desire to use the water. Depending on how well 
access rights are enforced and the penalties for illegal 
diversions, those without access rights may consider 
the costs of breaking access rules sufficiently high that 
they do not attempt to gain access. Alternatively, 
where enforcement and sanctioning are not effective, 

those without legal access rights may pay more to 
divert water at night, or they may use other illegal and 
more expensive methods of diverting water. If the 
legal regulations specifying access rights are not en­
forced at all and the rules-in-use allow free-for-aU 
access to an irrigation system, the costs of access for 
those with formal rights and for those with no rights 
may not differ at all. 

Similarly, the rules-in-use specifying the actions 
that must, must not, or may be taken affect the incen­
tives of suppliers and users intheir daily activities. If 
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farmers are supposed to rotate water to all farmers 
using a tertiary canal, each farmer faces a mixture of 
incentives when contemplating when and how much 
to open his field gate. A farmer growing paddy rice 
whose fields are close to the stress level faces a strong 
incentive to open his or her gates immediately,
whether or not his or her turn has come. However, if 
all 1)rmers open their gates without coordination, the 
quantity of water that they can jointly apply to their 
fields is less than when acoordinated rotation system
is adopted. The incentives derived from the rules-in-
use have to be more powerful than the strong incen-
ives derived from the need to keep paddy rice wet. If 
a farmer knows that if he breaks the rotation rules he 
will likely be observed by a neighbor and that his 
reputation as areliable memberofthe community will 
be tarnished as a result, the costs of breaking the rule 
will be higher than if no social disapproval is attached 
to taking water when it is needed. If the farmer knows 
that everyone else is following the rotation rules and 
that his nonconformance might lead to others breaking
the rules as well, the long-term negative consequences
of unpredictable water availability may also dissuadethe farmer from an action bringing short-term benetits 
but threatening long-term habfm, 

Changes in formal regulations do not automat-
ically become changes in rules-in-use and thus in 
incentives. Anew regulation that greatly increases the 
penalty for illegally diverting water may produce en-
tirely different changes in incentives than presumed:
the threat of heavy fines may actually be used by
officials to extract bribes from errant farmers as pay-
ment for ignoring infractions. Consequently, the rule­in-use may change so that diversions considered il-
legal by formal regulations may continue in practice 
so long as payments are made to the appropriate 
officials. Thus, the incentives facing individuals can-
not be determined from areading of promulgated laws 
and regulations without examining how those regula-
tions are perceived by participants and how they fit 
into the physical, economic, and social context of a 
particular system. 

Institutional Rules as Social Capital 
Physical capital isthe stock of material resources that 
can be used to produce a flow of income (Lachmann, 
1978). Formany engineers, an irrigation system is the 
equivalent of its physical capital, which consists of 

natural resources (rivers, springs, lakes, groundwater
basins) and constructed works (headworks, canals, 
distributory mechanisms, field gates). But even the 
most modem irrigation system, complete with auto­
matic measurement and distribution mechanisms, 
cannot run for long without human operators. If 
human operators do not follow iegular patterns of 
behavior that are expected and understood by others, 
especially the users of a system, the potential flow of 
income from the physical capital will be severely
curtailed or even eliminated. Productive patterns of 
behavior do not just happen.

On any irrigation system, the activities of in­
dividuals must be meshed in regular and predictable 
patters mut be meshed ive d pr t ­

patterns if net benefits are to be derived from operat­
ing the system. The activities of individuals in any
public or private enterprise can be broadly grouped
into two types: tr ransformation and transaction (for a 
general discussio, of transformation and transaction 
activities and costs, see E. Ostrom, Schroeder, and 
Wynre, 1990). Transformation activities refer to ac­
ions directed toward changing one state of affairs intoanother. Transaction activities refer to actions 

directed toward: (1) the coordination of transforma­tion activities, (2) the provision of information, and
(3)the acquisition of astrategic advantage overothers. 

Transformation Activities and Costs 
In any large-scale irgatin project, one transforma­
tion after another must be made to bring irrigation 
water from a large catchment area to the farmers' 
fields. Figure 1 details the core flows in a canal 

irrigation system, as ilustratd in Robert Chambers' 
ManagingCanallrrigation(1988: 36). At each of the 
many steps in the flow of water or goods, some kind 
of transformation activity is requirrd. How this ac­
tivity is performed at each step affects what is made 
available at the next step and how much is wasted. 
Examples of transformation activities include: 

• 	diverting water from a natural water course 
into a constructed canal; 

s 	adjusting a barrier in a canal to raise the waterlevel sufficiently so that it will flow into afarers inutat 

• 	preparing a rice paddy to receive the season's 
first water, and 
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CATCHMENT AREAS 	 Figure 1. Flows In Canal Irrigation Systems 
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* weeding a planted field to encourage growth 
of a crop. 

When engineers compute efficiencies, they focus 
on transformation activities. The efficiency of an en-
gine, for example, is the ratio of energy produced to 
the energy used. Irrigation engineers are interested in 
the technical efficiency of an irrigation system in 
terms of the amount of water available at the farmers' 
intakes as a proportion of the amount of water made 
available at the headworks. Economists are also inter-
ested in efficiency, but an economist's concept of 
efficiency involves the ratio of benefits to costs, 

Transformation activities also involve hunan 
capital. The skill that aparticular individual brings to 
the transformation activities he or she undertakes is a 
form ofhuman capital. A single farmerworking alone 
to enhance agricultural yield by channeling the waters 
of a spring located on his or her own land acquires 
substantial knowledge and skill over time as various 
combinations of crops yield more orless harvest at the 
end of the season. Human capital thus enables a 
solitary farmer to increase the productivity of invest-
ments in other inputs such as seeds, fertilizer, draft 
animals, or mechanical energy. 

When transformation activities require the inputs
of multiple individuals, good physical capital and 
substantial human capital are not sufficient to under-
take complex, interconnected activities successfully.
Ifdistributing a large flow of water without excessive 
waste requires that several individuals open different 
gates located at some distance from one another in a 
rapid, sequential order, the skill that each individual 
brings to the task of handling a single gate is not 
enough. Coordination is also needed. Coordination 
can be achieved (1) through learning how to do joint 
tasks better,(2)by assigning one person responsibility 
to command others, or (3) by establishing a rule 
specifying by whom, when, and how particular ac-
tivities are to be undertaken, along with establishing 
how that rule is monitored and enforced by the par-
ticipants, by external enforcers, or by both. 

All three means of achieving coordination are 
forms of social capital (Coleman, 1986). The first 
form of social capital-shared learning-is a skill that 
those who work together acquire when they aremotivated to do a good job. The other two forms of 

social capital are embedded in the rules jointly used 
by the individuals. In the second form, the rules assign 
one person authority to command the others. In thethird form, the rules specify by whom, when, and how 
activities are to be undertaken. All forms of social 
capital involve spending resources-at least time and 
energyin conducting transactions with others. 

Transaction Activities and Costs 

While transformation activities relate to changing 
some state(s) of affairs into other state(s) of affairs, 
transaction activities involve coordinating input ac­
ivities, obtaining relevant information about transfor­mation, or attempting to obtain disproportionate ad­
vantage from transformation activities. All transfor­
mation activities requiring inputs from multiple in­
dividuals will involve transaction activities and thus 
transaction costs. Coordination and information ac­
tivities are essential parts of all ongoing concerns. 
Examples of coordination activities include: 

* setting the date for when water will first be 
released from a reservoir, at which time 
farmers will need to be ready to make effec­
tive use of the water released; 

• 	establishing the first and last days of a 
budgetary cycle and when public funds will 
be available for disbursement; 

obtaining approval from officials and/or 
farmers concerning the design of a fture 
project; 

* 	 supervising the work of laborers digging a 
canal; and 

• 	going to farmers' residences to collect water 
fees. 

Information activities include: 
• 	acquiring information about the hydrologic
 

properties of various kinds of diversion
 
works; and
 

acquiring information about the damage 
caused by a flash flood on a particular seg­
ment of a canal. 
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Transaction activities are essential to accomplish 
transformation activities, but the cost of transaction 
activities can vary dramatically depending on both the 
rules used and the physical environment involved, 
The rules that specify who isto coordinate with whom 
about what, and how information is to be recorded and 
transmitted, affect the level of transaction costs. These 
rules can create effective coordinating and informa-
tion-sharing incentives for most participants or they 
can result in frustration, delay, secrecy, and in-
dividuals working against rather than with oneanother. The physical environment in which in­

dividuals work also impacts on the costs of these
activities. It is more costly to communicate on a 
face-to-face basis on a large irrigation system as con-
trasted to a small system. The costs of collecting 
irrigation fees on a large system may be higher than 
on a small system. 3 In other words, the transaction 
costs involved in coordination and information ac-
tivities can be extraordinarily high unless those who 
craft institutional rules find creative mechanisms to 
keep these costs low. 

While these costs may be high, they may be ex-
tremely difficult to measure accurately. The costs 
involved in coordination and information activities 
are rarely conceptualized or reported separately from 
the costs involved intransformation activities. Trans-
formation and transaction costs are typically merged
together in the records of most agencies and treated 
simply as agency expenditures. While it is obvious 
that some agencies devote man), more resources to 
coordination and information activities than others 
(for agiven quantity of work produced), it isdifficult 
to obtain reliable measures of these kinds of transac-
tion costs. Itisdifficult to determine, for example, the 
amountof time that acanal supervisor spends in actual 
transformation activities (opening and closing gates)
versus coordination activities (scheduling work staff 
managerial"the position, the more its activities relate 
mocgoriatoandinfomation, rad teesstey

relate to direct transformations, 

Amore difficult problem is that coordination and 
information activities frequently do not combine in a 
strictly additive fashion (Alchian and Demsetz, 1972).
An effective supervisor may increase the productivity 
of his or her staff's transformation activities; thus, 
expenditures for effective coordination may be offset 

by more effective transformations. Alternatively, an 
ineffective supervisor may decrease the productivity
of his or her staff's transformation activities; in this 
case, expenditures on coordination lead to even more 
expenditures (losses) on transformations. To further 
complicate things, not all of the coordination or infor­
mation costs are contained in agency records. If users 
have to wait many months for responses from an 
agency or have to provide the same information to the 
same agency repeatedly, users also pay coordination 
and information costs. 

The absence of coordination and information costrecords does not make them any less real. Substantialaords of t m oey, an e ss re spentntial 
amounts oftime, money, and energy are spent on these 
activities, and the overall amount can be substantially 
altered by the rules-in-use and the skill ofparticipants
intransactional activities. Inaddition to coordination 
and information activities, a third class of transactionatvte-n eutn ot-sptnily n 

vve in cnu latosis ta in 
in al w ont sha tha inoao 

individuals who do not share the same information, 
incentives, resources, and/orsocial norms. Such situa­
tions provide incentives for some individuals to adopt 
opportunistic strategies in order to obtain dispropor­
tionate benefits at the cost of others. Opportunistic 
behavior takes many forms. Some involve guile and 
deceit (Williamson, 1985). Others do not involve 
forethought, but simply taking actions that improve
one's own situation at the cost of others. As Boss 
Plunkett of Tammany Hall was known to say, "I seen 
my opportunities and I took em" (Roirdin, 1963).

Three types of opportunistic activities occur on 

many' irrigation systems: free riding, rent seeking, and 
corruption. An example of free riding isinvesting time 
on ivat activities sure whn otherare investing in joint activities, such as canal main­
tenance, that increase the supply of waterovertime to
all users. The person who free rides (or shirks)4 while 
others work receives a disproportionate share of 
benefits since no contribution (or a reduced level of 
contribution) was made to the provision of benefits. 

The person who works while others free ride feels like 
a "sucker" when the free riding is discovered. An 
example of rent-seeking behavior is trying to in­
fluence decisions made by donor agencies, national 
government,, or local irrigation associations about the 
location of and subsidies to irrigation facilities. The 
person who seeks rents receives a disproportionate 
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profit on his private activities because his or her assets 
are artificially increased in value. An example of 
corruption is withholding the delivery of water to 
those entitled to it inorder to receive illegal side-pay-
ments of money, commodities, or special favors. The 
person who engages in corruption receives a dis-
proportionate gain by using his or her power over the
allocation of valued resources to extract an illegalpayment from someone else, 

While free riding and corruption activities are 
relatively well understood, non-economists (and even 
some economists) often seriously misunderstand the 
terms "rent" and "rent seeking." Since the creation of 
rents and seeking after rents are so important to an 
understanding of some of the perverse incentives re-
lated to irrigation institutions, it is important to clarify
these concepts. 

Rents arc. the excess profits earned by a holder of 
a property right that exceed what could be obtained in 
a competitive market. "They can be created purpose­
fully; monopoly rents, for examnple, accrue to those 
who restrict competition in product markets" (Bates,
1987: 35). Or, individuals may obtain rents because 
they are just fortunate enough to own rights to proper-
ty with special advantages, such as fertile fields or an 
area with mineral deposits. The possibility of deriving 
rents generates incentives for some to seize control 
over rent-generating properties, to invest inactivities 
to secure subsidies from others,orto exclude potential
competitors. These activities devoted to enhancing 
rents are called rentseeking (Krueger, 1974; Tollison, 
1982; Buchanan, et al., 1980). 

Edward Vander Velde (1980) paints a vivid pic-
ture of how a new irrigation project in rural India,
served by the Dhabi Minor canal system (a part of 
Bhakra-Nangal project) increased the value of the 
land owned near the project and strengthened the 
already substantial economic, social, and political 
power of members of a higher social caste. The value 
of irrigable land rapidly approached twice the value 
of dry cropland. Most of the land in the area was 
owned by higher caste farmers. Sharecropping leases 
made with lower-caste, poor farmers were generally
of the most exploitative nature. One third of the 
production was kept by the cultivator and two thirds 
was turned over to the landowner-an illegal, but 
nonetheless frequently practiced tenurial arrangement 

(ibid.: 319-21). The formula devised by the state ir­
rigation agency to determine how much water each 
farmer was to receive and the way the system operated
in practice also gave the richest farmers access to the 
most water. As Vander Velde (1980: 324-27) indi­
cates: 

f irrigation development arid the methodsof operation of the irrigation system trans­formed these large holdings, now comprising
mixed amounts of highly valuable irrigable 
land and much less desirable dry crop land, 
into an even greater asset than they had been. 
Because the length of farmem' irrigation 
turns and thus the amount of water to which 
they are entitled are determined by the size of 
the cultivation unit in the command of the 
system, there iseven greater reason to retain 
tite to the largest area possible because by 
doing so one maximizes access to the most scarce resource in this environment. 

This is a description of how rents are created by 
new irrigation systems. It is no wonder that rich 
farmers spend time and effort trying to influence 
politicians to bring irrigation projects to their area. 
Nor is it any wonder that politicians recognize that the 
favors they extend to those who support projects or 
subsidies in general are a method of acquiring addi­
tional political power.5 Tragically, the vast oppor­
tunities for economic and political gain that large­
scale, river-basin developments have created have 
also led in some cases to exacerbated ethnic or 
religious conflicts and even increased bloodshed. 

All opportunistic activities produce short-term 
costs for others and, potentially, long-term costs for 
everyone involved. In the short term, the person
engaged in opportunistic behavior shifts costs to 
others. If opportunistic behavior is considered likely,
individuals may prepare for the worst by adopting
cautious strategies that are protective against exploita­
tion (Scharpf, 1990). When all individuals are 
cautious and protective, however, they may miss 
many opportunities for mutually productive gains.
Thus, the majorcosts ofopportunistic behaviorare the 
many productive activities that are not undertaken 
because institutional arrangements and social norms 
have notbeendeveloped to protectindividualsagainst
the opportunism ofothers. Shifted costs and foregone 
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opportunities are real costs. These real costs may not 
be recorded, however, in any regular fashion. Hence, 
they are even more difficult to measure than informa-
tion and coordination costs. 

Opportunistic activities are infrequently discussed 
in treatises oa irimation or on development processes 
more generally. Some scholars and practitioners wish 

to describe the world without including tihe human 
capcityes r avae od ftostricudangeh ncapacity for avarice and for strategic advantage over 

others. These activities are discussed at length in this 
study because of the potential for substantial losses 
resulting from opportunism, notbecause it is assumed 

that all individuals are opportunistic all the time. 
Many public officidls do not ask for or accept bribes 
even when surrounded by colleagues who engage 

openly in corrupt practices; many individuals are will-
ing to contribute to the provision of joint goods even 

when only a few others join them in these activities; 
and many powerful individuals do not try to influence 
public policies so that the land they own balloons in 

value or the prices they pay for inputs are artificially 
low. 

But for all of the individuals who refrain (most of 
the time) from opportunistic actions, others will avid-
ly adopt opportunistic strategies at the slightest 
temptation. The organization of irrigation institutions 
in much of the developing world unfortunately creates 
many opportunities for free riding, rent seeking, and 
corruption. The costs ofproviding irrigation water are 
much higher in many settings because of the 
prevalence of these activities. The distribution of ir-
rigation benefits is frequently distorted because ofthese activities. 

Wheninstitutionsarewell-crafted,opportunismis 
substantially reduced. The temptations involved in 
free riding, rent seeking, and corruption can never be 
totally eliminated, but institutions can be devised to 
hold these activities in check. In order to decrease 
opportunistic behavior, coordination activities, such 
as monitoring and sanctioning, may have to be in-
creased. The costs of monitoring and sanctioning ac-
tivities to eliminate all instances of opportunistic be-
havior would be excessive. Controlling opportunistic 
behaviors must involve keeping the temptations to 
engage in these activities low and the likelihood of 
discovery high. 

The full range of transaction costs involved in 
exchange and production activities has only recently 
been considered by scholars and practitioners inter­
ested in the effects of using different institutional 

arrangements for accomplishing diverse tasks. The 
models used by neoclassical economists to describe yee i mist t assume
beo e 

exchange behaviorin marketsmost frequently assume 
away all transaction costs and presume that ignoring 
*he "friction" associated with transaction activitiesdoes notdetract from the power and usefulness of their 
models. In mar s where the assets and products 
involved are homo eneous and largenumbers of in­

g g 
dividuals interact, transaction costs can be ignored 
without great loss to the usefulness of findings. Many 
markets, however, involve specific assets and/or 

products and small numbers (Williamson, 1979, 
1985). In these settings, ignoring transaction costs 
yieldstheoretical explanations and predictions that are
 

not suppoited by empirical evidence (see North, 
1989). The importance of costs that reuLt from a lack 
of information and from the opportunistic behavior of 
participants has received a growing recognition in the 
work of scholars who associate tiemselves with the 
"new institutional economics." 7 The major ac­
complishmentof scholars working in this tradition has 
been the demonstration of the strong influence of 
diverse institutions in counteracting different types of 
opportunistic behavior and affecting the costs of ob­
taining accurate time and place information. 

Until recently, administrative theorsts have large­
ly ignored transaction costs other than those as­
sociated with coordination activities and the acquisi­
tion of technical or scientific information. For ex­ino ehia rsintfcifrain o x
 
ample, the amount of attention to the problems as­
sociated with corruption by Robert Chambers in 
Managing Canal Irrigation (1988) is at odds with 
most treatments of management problems in general 
and irrigation specifically. His subtitle, "Practical 
Analysis from South Asia," reflects his concern for 
analyzing many aspects of running irrigation canals 
that are not contained in more theoretical treatises. 
Chambers' book is refreshing, given his frank assess­
ment ofmany"practical" problems. Forhisdiscussion 
of corruption, he and others interested in this problem 
are deeply indebted to the pioneering work of Robert 
Wade (1982a 1982b, 1985). Recent work from an 
institutional perspective has demonstrated that the 
specific rules used to coordinate activities within and 
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among administrative agencies strongly affect the 
level and type of transaction costs involved (Hechter 
1987; Breton and Wintrobe, 1981). 

The institutional capital present in any particular 
set of suppliers and users may enable these individuals 
toope effectivelywithbothtransformationandtrans-
action costs and thereby achieve amazing levels of 
productivity with only primitive forms of physical 
capital. Th2- zanjera institutions of the Northern
Philippines (Siy, 1982), the Subaks of Balinesia(Geertz, 1980), and many of the famer-managed
systsof Nepal (Pradhan, 1989) are all remarkable 
systems oto 
for the high levels of effectiveness achieved from 
systems whose physical capital appears outdated to 
many contemporary engineers. The complex network 
of relationships established between government of-
ficials, farmer representatives, and the farmers them-
selves on many irrigation systems in Taiwan (Levin, 
1980; Bottrall, 1985; Moore, 1989) illustrate that it is 
possible for effective social capital to be crafted on 
irrigation systems constructed, owned, and 
"operated" by a national irrigation bureaucracy. The 
remarkable improvements achieved on some Philip-
pine irrigation systems as a result of a program to 
strengthen farmer organizations on National Irriga-
tion Agency systems illustrate the possibility oflearn-
ing from experience to improve jointly managed sys-
tems (Korten and Siy, 1989). The Gal Oya experience
in Sri Lanka, in which institutional catalysts worked 
with farmers to learn about their problems and help 
them build a nested set of organizations from the 
ground up (Uphoff, 1985), is similarly revealing. 

Yet the institutional capital present on many ir-
rigation systems constructed during the past three 
decades in developing countries isoften sadly lacking.
William Ascher and Robert Healy (1990) document 
the lack of investment in institutional arrangements in 
two major irrigation projects in India (the Jamuna 

project in Assom and the Nalganga project in 
Maharashtra). Inboth cases, planning focused entirely 
on the construction of major physical works and 
presumed that the farmers would automatically or­
ganize to construct, operate, and maintain field chan­
nels to get water from the system to their fields. 
Construction of the Jamuna project was completed in 
May of 1969, costing approximately $8.8 million 
(Ascher and Healy, 1990: 147). Five years later, lessthan a third of the planned service area was receivingta hr ftepandsrieae a eevn 
irrigation water. An expostevaluation discovered that
the root of the problem was the refusal of the farmersconstruct field canals. 

The disastrous oversight was engendered by
the project initiation approach of the expeits 
and authorities concerned .... The farmers 
had the time and physical resources to con­
struct the channels. Yet the channels were 
slow to come .... The obvious reason for this, 
which the project authorities did not an­
ticipate and failed to learn because the 
beneficiaries were not involved in project 
design and implementation... was that the 
farmercloserto the headwaters had no incen­
tive to devote his own (or hired). labor to 
constructing channels that would conduct the 
water through his own field into another's 
(ibid.: 148-49). 
In other words, a project whose physical works 

costcloseto$9 illionwasproducingasmallpropor­
ion of its projected benefits due to a lack of invest­

ment in crafting institutional arrangements among 
farmers to construct (and eventually operate and 
maintain) the simplesttypeof waterconveyance chan­
nels constructed by farmers in all parts of the world. 
Social capital is not automatically or spontaneously 
produced. 8 It must be crafted. 
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Chapter2 Notes 

1. Common knowledge is an important assumption that is frequently used in game theory and is essential for most 
analyses of equilibrium. It implies that all participants know x, that the participants know that each other knows x, and 
that the participants know that each other knows that each other knows x (Aumann, 1976). 
2. This is a close paraphrase of Barnard's li'.i as summarized in the textbook on PublicAdministrationby Herbert A. 
Simon, Donald W. Smithburg, and Victor A. Thompson (1958: 62). 

3.Thus, both the size of system and the specific rules affect -ransaction costs. Both elements are reflected in the estimates 
made for collecting irrigation fees in Egypt, which vary from a low of under S1 to over S7 per acre depending on the 
type of water fee assessed (Easter. 1985: 16). 

4. Shirking is the term used most frequently to refer to free riding on-the-job. A water gate operator who stays in a nice,
dry office during the monsoon season rather than doing his assigned work is shirking. The operatcr is paid but does not 
do the work that is supposed to be done. 

5. See Craven, et al. (1989. Vol. II]: A29), for adescription ofthe"land rush" in Somalia in anticipation of the construction 
of a dam on the Jubba River. Large tracts of land have been registered by external investors and speculators, some of 
whom were civil servants. 

6. See Scudder (1990) for a discussion of genocide and civil wars associated with large-scale, river-basin developments 
in Mauritania, Somalia, Sudan, and Sri Lanka. 

7. For a review of this literature as it relates to development issues, see the special issue of WorldDevelopmei (vol. 17,
1989), edited by Irma Adelman and Erik Thorbecke, on "The Role of Institutiom in Economic Development." 

8. The term "spontaneous order" is frequently used to describe a wide d:versity of patterns of human ord--r. These 
patterns share one characteristic-they were not designed by acentral governmental official. They differ on many other 
dimensions. A path through a wooded area may well be the result of many different individuals spontaneously choosing
to follow a deer trail or the trails ofother humans. But using the term "spontaneous" to describe the coordinated activities 
of farmers to build, operate, and maintain field channels overlooks the substantial amount of time farmers who engage
in these activities invest in working out acceptable rules and monitoring conformance to these rules. Use of the term 
spontaneous" by academics fosters the impression that these effort. will automaticaliy spring forth. 
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The tenn "crafting" with reference to the development 
of institutions emphasizes. 

I. 	 the artisanship involved in the design, operation, 
appraisal, and modification of rule-ordered be-
havior (V.Ostrom, 1980), and 

2. 	 the ongoing nature of the process of "getting the 
process right" (Uphoff, 1986). 

Crafting institutions for the supply and use of 
irrigation systems is challenging and requires skill in 
understanding how rules, combined with particular 
physical, economic, and cultural environments, 
produce incentives and outcomes. Aconsistent find-
ing of many analysts is that there isno "one best way" 
to organize irrigation activities (Chambers, 1980; E.
Ostrom, 1990; Levine, 1980; Coward, 1979; Uphoff,
1986). The absence of a single or eveaa small set of 
institutional solutions to the problem of organizingirrigation syste'ms necessitates that rules to enhance 
the supply and use of any particular physical system
the dsplyd tie, of an trieagainphsia

be devised, tried, modified, and tried again in an 
ongoing process of institutional artisanship. This re-
quires considerable investment of time and resources 
in learning more about the effects of various institu-tionl r ksavirth be n ofparici ants and thetional rules on the behavior of participants and the 
results they can achieve. Thus, thc choice of institu-
tions isnot a "one-shot" decision in a known envi ;on-
ment, but rather an ongoing investment process inan 
uncertain environment, 

CHAPTER 3 

Crafting Institutionis 

Crafting Institutions
 
as an Investment Process
 
Devising, testing, revising, monitoring, and enforcing 
a set of working rules to structure the activities of 
those who supply and use water derived from a par­
ticular physical system is atime-consuming endeavor.
The time devoted to these activities is time invested in 
the attempt to construct and operate better institutional 

structure, similar to the time invested in the attempt to 
construct and operate a better physical structure. 'he 
result of this investment is the development of s& ?d 
knowledgeabouthowtocoordinatetheinputsofm ny 
individuals in a series of complex, interdependent, and 
time-dependent activities. Viewing the design, trial, 
modification, and monitoring of institutions as aninvestment process has several immeuiate implica­
tions. To invest in an) capital structure, whether it is 
physical orinstitutional itform, requires thediversion 
ofyica or ttt o l o r ie e allocatenof time and effort that would otherwise be allocated 

to obtaining immediate benefits (including leisure) to 
activities that will achieve an uncertain flow ofbenefits overa long time horizon. Those who discount 
futw'e returns heavily will not make such investmens. 
Individuals with short time horizons will attempt to do 
asdielduas th s h t heonstwill a t t he as well as they can within the constraints of both thecretyaalbepyia aia teirgto

currently available physical capital (the irrigation 
works) and the currently available social capital (the
rules
 
users of the irrigation works).
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Farmers, who are at the margin of dire poverty, 
cannot afford to divet many resources from activities 
directly related to short-term benefits in return for 
uncertain long-term benefits. If they cannot feed their 
families and pay fortheir land they will not be around 
to reap the long-term benefits of investing either in 
new physical improvements or new ways of coor-
dinating their activities with others. Similarly, public 
officials who do not exp.ct to be assigned to the same 
location for more than a few years have less motiva-
tion to invest time and effort in improving capital 
structures in that location than those who expect a 
long-term assignment. 

Many irrigation systems L'ut have been con-
structed in developing countries since the 1950s in-
volve both users and suppliers who have relatively 
short time horizons;theiractions, however, have long-
term impacts on both social and physical capital. On 
large irrigation settlements, for example, eligibility 
criteria have frequently required a settler to be land-
less and have a large family (Hariss, 1984: 325, for 
example). Recruitment using these criteria yields a 
heterogeneous set of individuals coming from dif-
ferent regions, kinship groupings, and ethnic and 
religious backgrounds, many of whom have very 
limited individual capital. No social capital exists 
when large numbers of hetercgeneous individuals are 
all placed in a strange terrain With few acquired skills 
atout how to farm effectively ir this terrain and with 
large families to feed (by project requirement), the 
initial settlers are faced with a challenge just to make 
ends meet and keep the land they were assigned. Manydo not make it. Eventually, some sell their land and 
return to the ranks of the landless, 

Settlement rules sometimes require that land allot-
ments distributed to new settlers be ;nherited intact, 
While the attempt to avoid extreme fragmentation of' 
land holdings isunderstandable,the unfortunate result 
is a proliferation of sibling rivalries within families 
and a tendency for young men to seek opportunities 
elsewhere. On some projects, the proportion of young 
men remaining to work on the family farn has fallen 
as low as 10 to 15 percent (Harriss, 1984: 328). Insuch 
situations, neither parents nor offspring develop the 
longtimehorizonnededtoinvestinchanginginstitu-
tional rules to increase long-term net benefits. 

In many countries, the irrigation fee collection 
staff assigned to particular projects or administrative 
districts are frequently engaged in a "transfer trade," 
in which they will stay in one position for no longer 
than two or three years. Most national agencies 
routinely rotate officials from one post to another on 
a regular basis. The presumption underlying this 
policy is that rotations curtail corruption and 
favoritism. However, as documented most thoroughly 
in India, this result does not always occur. Sharan and 
Narayanan (1983) found that in Banowara and Dun­
gapur Districts, collectors averaged only 14 months in 
one assignment. Between 1948 and 1981, the longest 
stay in this position in either district was under three 
years. Where politicians control postings, as they have 
in India, transfers become "apowerful instrument for 
punishment and patronage" (Chambers, 1988: 185). 
Irrigation posts are auctioned off by politicians to 
competing engineers. 

Posts were known by their nominal prices-a 
'one lakh post', a 'five lakh post' but addi­
tional payments might be demanded during 
the normal two-year tenure, particularly if 
there was an election. To remain beyond the 
two years required a further payment. 
Moreover, security in post even for the under­
stood two years was far from assured ... 
Astonishingly [superintending engineers] 
could pay40timesormore theirannual salary 
(Chambers, 1988: 186). 

Such a system combines two powerful incentives 

againstinvestinginimprovementstoirrigationsystem 
operation. First, the short tenure reduces the officials'time horizons. Second, officials have had to pay such 
ahigh price for their postings that considerable effort 
must be devoted to gaining illegal income from con­
tractors (through kickbacks and payments to ignore 
shoddy work) and farmers (through payments for 
water delivered or a lack of enforcement of formal 
regulations). Improving system operations might ac­
tually reduce the income that an engineer could obtain 
from aposting.1 

On settlement projects here agency personnel 
face uncertain futures, no one has the requisite time 
horizon to invest in social capital. Investments in 
physical capital may be shoddy and purposely below 

standards. Project planners who presume that spon­
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taneous organization will emerge have not conducted 
a sufficient analysis of what is involved in building 
social capital. Evidence indicates that the motivation 
to invest in social capital exists on established irriga-
tion projects where: (1) farmers have long time 
horizons; (2)farmers face sufficient scarcity that they 
are motivated to invest in organizing themselves; and 
(3)farmers are assured that organization could make 
a substantial difference in their yields (Wade, 1988; 
Uphoff, Wickramasinghe, and Wijayaratna, 1990). 

The Multiple Layers of Rules-in-Use 
Wheninvesrmentsareinvolved, two levels ofanalysis 
are required. First, an analyst needs to understand 
what ishappening at an operational level, where in-
dividuals attempt to do as well as they can within the 
physical and institutional constraints as they exist. 
Second, an analyst needs to consider what options are 
available to change those physical and institutional 
constraints. Considering these changes is like shifting 
to a time-out during the play of a game to reconsider 
the rules of the game itself. This type of shift is 
involved when farmers consider new technologies on 
their farm or the suppliers of an irrigation project 
consider installing anew type of control gate (Nelson 
and Winter, 1982; Dosi, 1988). 

All rules are nested in another set of rules that 
define how the initial rules can be changed. 2 This 
nestingof rules within anotherlayerof rules is similar 
to the nesting of computer languages. What can be 
done at one level depetids on both the capabilities and 
limits of the software (rules) at that level as well as the 
software (rules) at adeeper level and the hardware (the
physical works). When considering institutional 
change, as contrasted to action within institutional 
constraints, it is essential to recognize that: 

1.changes in the rules used to order action at one 
layer occur within a currently "fixed" set of 

rules at adeeper layer, and 

2. changes in deeper rules are usually more difficult 
and more costly to accomplish, 

It is useful to distinguish three layers of rules that 
cumulatively affect the actions and outcomes 
achieved inirrigation systems (Kiser and E. Ostrom, 
1982). Operationalrules directly affect the day-to-
day decisions made by users and suppliers concerning 

when, where, and how to withdraw water,who should 
monitor the actions of others and how; what inforna­
tion must be exchanged or withheld; and what rewards 
orsanctions will be assigned to different combinations 
of actions and outcomes. Collective-choicerules in­
directly affect operational choices. These are the rules 
used by irrigators, their officials, or external 
authorities in making policies-the operational 
rules-about how an irrigation system should be 
managed. A change in "policy" implies a change in 
operational rules. Constitutional-choicerules affect 
operational activiiies and results through their effect 
on: (1) who is eligible for participation in the system 
and (2) what specific rules will be used to craft the set 
of collective-choice rules, which in turn affect the set 
of operational rules (V.Ostrom, 1982).

The linkages among these rules and the related 
arenas in which humans make choices and take ac­
tions are shown in Figure 2.The processes of allocat­
ing water, clearing canals, and monitoring and 
sanctioning the actions ofirrigators and officials occur 
at the operational level. Policy-making, management,
and adjudication of policy decisions occur at the col­
lective-choice level. Formulation, governance, ad­
judication, and modification of constitutional 
decisions occur at the constitutional level. 4 

Rules are changed less frequently than the 
strategies individuals adopt within rules. Changing
rules at any layer increases the uncertainty that in­
dividuals faceinmakingstrategicchoicesatthatlevel. 
Rules provide stability of expectations, and efforts to 
change rules rapi11y reduce that stability. Itis usually 
the case that operational rules are easier and less costly 
to change than collective-choice rules, and collective­
choice rules are easier to change than constitutional­
choice rules. If constitutional-choice rules can be 
changed easily, preemptive decisions at that level may
induceoeainlcocserious instabilities ai collective- andees at thehne tacn 
operational-choice levels. Rapid changes at a con­
stitutional level sciiously erode the mutual -xpec­
tations developed about how future collective­
choice decisions will be made, which in turn affect 

operational-level decisions. 
The results of changing deeper layers of rules are 

more difficult forparticipants and scholars to analyze.
Deciding whether the constitution of an irrigation 
association should establish alegislative body of five 
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Figure 2. 
Linkages Among Rules and Levels ofAnalysis 

Rules: Constitutional 	 Collective Choice Operational 

Levels of Consitutional 
Analysis: Choice 

Process: 	 Formulation 
Governance 
Adjudication 

Source: E. Ostrom (1990: 53). 

or nine members depends both upon the physical 
characteristics of a system and the governance sys-
tems that the participants are accustomed to using. A 
change inthis constitutional rule will usually not make 
an immediate and noticeable difference. Change at the 
constitutional level is reflected in a change in the 
pattern ofcollective-choice decisions that are made as 
these constrain or open up possibilities at an opera-
tional level. 

The Multiple Sources of Rules-in-Use 
At each level of analysis, there may be one or more 
arenas in which the types of decisions made at that 
level occur. An arena is simply the setting in which a 
particular type of action occurs; arenas include such 
formal settings as legislatures and courts, but they can 
also include informal settings such as places where 
individuals regularly gather. Decisions about the nl!es 
that will be used to regulate operational-level choices 
are made in one or more collective-choice arenas. If 
the irrigators using an irrigation system change at least 
some of the working rules used to organize appropria-

Collective 	 Operational
Choice 	 Choice 

Policy Making 	 Appropriation 
Management 	 Provision 
Adjudication 	 Monitoring 

Enforcement 

tion and provision, the arena in which collective­
choice decisions are made may be a iocal coffeehouse, 
a co-op meeting, or an organization that has specifi­
cally been set up for the purpose of managing and 
governing a system such as a water-user association. 
If the irrigators or project officials working together 
(or independently) cannot change at least some of the 
rules used to organize operational choices, the only 
arenas forcollective choice are external to aparticular 
system. In such cases, the rules to be used are made 
by external administrative agencies, by elected repre­
sentatives inlocal ornational legislatures, orbyjudgc3 
in judicial arenas. Such rules will rarely reflect the 
particular circumstances facing users and suppliers on 
a particular system. 

The relationships between arenas and rules are 
rarely such that asingle arena corresponds exclusively 
with a single set of rules. Most frequently, several 
collective-choice arenas affect the set of operational 
rules used for operating and maintaining a system.
Decisions made in national legislatures, ministries, 
and courts about the practices to be followed on 
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irrigation systems of particular types-if these prac-
tices are given legitimacy in a local setting and en-
forced-are likely to affect the actual operational
rules-in-use. Similarly, formal and informal constitu-
tioral-choice processes may occur in local, regional, 
national, and/or international arenas. The relation-
ships between formal and informal collective-choicearenas and resulting operational rules are illustrated in 
Figure 3. 

That working rules may have multiple sources and 
include defacto as well as dejure rules greatly com-
plicates the problem of understanding what is happen-
ing in particular irrigation systems. As discussed pre-
viously, the absence of national, formal laws regulat-
ing the property fights to water or responsibilities for 
systcm maintenance i- not equivalent to the absence 
of effective rules on a particular system. Local users 
and suppliers may have invested in the development 
ofworking rules over a long period of time. Such rules 
may or may not lead to efficient and fair management 
of a system, but they do affect the strategies that users 

and suppliers perceive to be available to them and the 
resulting outcomes. 

Crafting Rules for Varying

Environmental Conditions
 
I 

If local users and suppliers participate in the craftingof at least some of the rules affecting their operational 
choices, system performance is likely to bemoreenhanced. One reason for this is the vast variety of
environmental condit;ons that affect the physical
operation ofany particular system. "Each canal irriga­
tion system has a distinct constellation of many vari­
able parts" (Chambers, 1988: 211). Efforts to classify 
systems for the purpose ofdevising standard rules for 
use on all systems in a particular category have not 
proved useful, nor will they. Analysts have attempted 
to classify irrigation systems by such variables as: 

size, 
• type of water source, 

- soil type, 

Figure 3.
RelationshipofFormal and InformalCollective-Choice 

Arenas and OperationalRules-in-Use 

National, Regional, and/or Local
Formal Collective-Choice Arenas Formal Monitoring andLegislatures Enforcement Activities 

Regulatory AgenciesCourts 

Operational 
Rules-in-Use 

Informal Collective-Choice Arenas 
Informal GatheringsAppropriationTeams informal Monitoring and
Private Associations Enforcment AciitoiesanEnforcement Actities 

Adopted from E. Ostrom (1990: 53). 
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" crops iafigated, 

" physical topography, and 

" climate, 

As Chambers points out, however, these simple 
"classifications cross-cut each other. They also omit 
many vital aspects" (ibid.). 

Among the omitted aspects, Chambers lists the 
following important variables: 

" water adequacy and quality of delivery, 

" canal capacity in relation to peak demand, 

" physical capacity to control flows, 

* rights to water, 

" financial responsibilities, 

* political organization and environment, 
• farm sizes, 

" farmers' relations and communications with 
staff, and 

* labor availability (Chambers, 1988: 211). 
Inaddition to the sheer number of physical char-

acteristics that affect the day-to-day problems faced 
in operating an irrigation system, the specific con- 
figuration of variables in any one irrigation system is 
usually more important than any one varable alone. 
A very large system that has many smaller storage 
facilities located throughout the entire service is quite 
a different physical system than a very large system 
without any storage facilities below the intake. Given 
the large number of variables, the number of con-
figurations of variables is simply immense. No stand-
ard set of rules for an entire region can possibly work 
well in the diversity of settings involved, 

Multiple-purpose systems that involve both in-
the-channel and on-the-lald uses of water are still 
more complex. Large-scale dams that are used for 
both irrigation and flood control involve different 
operational problems than those used for irrigation 
alone. For flood control purposes, an empty dam is 
preferred. For irrigation purposes, a full dam is 
preferred. Devising operating rules to use water for 

irrigation while simultaneously trying to prevent 
damaging floods requires asubstantially different set 
of rule' than when a system is used for one purpose 
alone. 

Further, operational problems may differ from 
season to season. A set of rules devised on the basisofseiiossemhittrsisma okwlof specific system characteristics may work well 
during a monsoon season when water is allowed to 

flow freely and not at all well during a dry season 
when water is scarce and must be allocated carefully. 
Most irrigation systems where those directly involved 
in supply and use have crafted at least some of the key 
rules-in-use have more than one allocational rule, 
depending on the availability of water. This can vary 
dramatically in many systems from season to season 
and from year to year. 

In he long-enduring irrigation institutions for 
managinghuertasin Southeastern Spain, forexample, 
local officials determine the basic rules for allocating 
water in response to three environmental conditions: 
abundance, seasonal-low, and extraordinary drought 
(Maass and Anderson, 1986). A tight rotation system 
is used when seasonal-low water conditions are 
present; this is the most frequently observed condi­
tion. In rare times of abundance, water is allowed to 
flow in all canals and farmers can take as much water 
as they want, whenever they want. When an extraor­
dinary drought is declared, an administrative official 
takes direct charge of water allocations and attempts 
to get water to the fields needing water the most. 
Barker, et al. (1984: 38-39) describe a traditional 
system in Taiwan (Yun Lin), in which ages-old 
property rights assignments give the farmers on some 
canals considerably more water rights than others 
during times of abundance. When water is scarce, 
however, farmers on this traditional system switch to 
a larger system with improved conveyance structures 
and maintenance. As part of the agreement to be 
included in this larger system, the set of traditional 
property rights is replaced by a "technical" set that 
distributes water equally to various parts of the sys­
tem. The switch to the second set of rules is made in 
small irrigation association meetings when irrigators 
collectively agree that the water supply is at a low 
level. In many Asian irrigation systems where paddy 
rice is a major crop grown during the monsoon rainy 
season, water is distributed continuously during this 
season but rotated during the drier seasons. 6 
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Whether a system has no capacity for water 
storage, has some capacity to store water in a reser-
voir,or can augment surface water with groundwatermakes asubstantial difference in the predictability of 
water supply,tst ittial rngee tat ar
potessbla the feasiltyfmaitutioa arrangements .possible, and the feasibility of market arrangements. 
Before a farmer purchases water, he or she needs 
assurance that water purchased will actually be avail-
able. No such assurance can be given in systems
without at least some minimal storage capacity. The 
only Spanish huerta to develop a system for auction-
irg water, for example, is the Alicanti system, where 
the Tibi Dam was constructed in 1594. Farmers can 
gain information about the quantity of water that is 
stored in the dam and available for release during 
rotation periods (Maass and Anderson, 1986). Conse-
quently, they are assured that the water they purchase
will actually be available. In India, extensive markets 
for water have also evolved where farmers are able to 
purchase defined quantities of groundwater from 
owners of deep-well turbine pumps (Shah, 1983, 
1986). InSouthern California, sophisticated manage-
ment institutions, including an active market for 
groundwater rights, are built on the foundation of 
negotiated court settlements defining specific rights 
to groundwater (see E. Ostrom, 1990; Blomquist, 
forthcoming). 

Environmental variability also affects the challen-genvaceinmnta n iityalsoftsytem. n-aari c 
ges ace inmainainng n an irigaionsystm. 

hilly region that is periodically pelted with torrential 
rains, maintaining diversion works and/or canals in-
volves both constant diligence and immense invest-
ments in labor and materials. Asmall crack in a canal 
that appears early in the morning after a heavy rain 
may become a gaping hole by mid-afternoon, if not 
discovered and repaired immediately. 

In addition to the changes over time wrought by 
climatic conditions, dynamic processes at work in theexternal environment of many irrigation systems can 
extenalvenvironmentofc 
have major impacts on the problem of crafting institu-
tions. Rapid changes in the relative values of diverse 
factors such as market prices for labor, agricultural
inputs, or commodities are particularly challenging. It 
is difficult to adjust locally devised rules rapidly
enough to counteract price changes without undercut-
ting the stability of expectations. A set of rules devised 
for one set of relationships between the value of land 

maji n y iprorigatingsts c 

and watermay not perform well when relative values 
shift dramatically. 

Important environmental differences between ir­
rigation systems (and even on the same system during
different parts of the year) are not taken into accountwe ainlo einlgvrmnsatmtt 
when national or regional governsents attempt to 
specify the rules to be used on all systems within its 
jurisdictions. Each of the states of India, forexample, 
attempts to specify the same water-allocation rules 
throughout its domain regardless of differing
hydrologic or meteorologic conditions (Bottrall, 
1981). 

Crating Rules Related to 
Varying Cultural Traditions 
Although the climate, geology, soil conditions, ter­
rain, and physical works of an irrigation system are 
obvious constraints, the shared belief systems of a 
particular region, caste, religion, or etlmic group also 
need to be considered in institutional design. When 
shared understandings exist conceming the fairness of 
diverse allocation rules, appropriate leadership posi­
tions, andtherightsanddutiesthatindividualspossess 
in relationships with one another, the basic repertoire 
of rules that can easily be used by suppliers and users 
of an irrigation system is circumscribed. Some rules
that would seem to be more efficient or fairer tooaanta ol emt emr fiin rfie
outside observer may not be included in this basic set 
of rules. Ifexternal authorities attempt to impose rules 

. a 
that are outside this set on unwilling recipients, it is 
unlikely that such rules will be followed. 

The rules used in a cultural tradition are forms of 
shared knowledge. Farmers who have used a par­
ticular leadership selection mechanism for other pur­
poses have an initial understanding-and basis for 
evaluation-of the likely consequences of using asimilar device for selecting leaders of an irrigation 
sia ice forscing leaders of aniriatoorganization. Labor-sharing formulas used success­
fully to mobilize adequate numbers of able-bodiedworkers for analogous purposes may be used to ac­
complish a different task. Since investment in new 
ru l is a skyen s nt in that invetoi t ge 

rules isalways sky, itisnot surpsing that investorsr 
are more willing to work with rules whose outcomes 
they have witnessed than wih rtes whose outcomes 
are uncertain. 

As discussed in the next section, reducing the level 
of opportunistic behavior is a major problem on all 
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irrigation systems. Many of the shared conceptions 
and norms of behavior that are collectively referred to 
as "culture" have evolved as a form of social capital 
to counteract opportunistic behavior. If participants 
do not view the specific rules crafted to fit aparticular 
irrigation system as appropriate ways for organizing 
that system, behavior that violates the norms of be-
havior accepted by members of cultural tradition may 
not be sanctioned. If formal structure is viewed as 
illegitimate, behavior that undercuts the maintenance 
of that structure will not be viewed with disapproba-
tion. 

Consequently, when central agencies attempt to 
impose standard organizational rules on all irrigation 
systems in a large jurisdiction, these rules may fail for 
several reasons: (1)the standard set of rules may not 
adequately cope with the configuration of physical 
variables that characterizes a specific system; (2) the 
rules may be "foreign" to local parties, who are uncer-
tainof their consequences or how to implement them; 
and (3)other aspects of social capital-in particular, 
the normsof behaviorused to counteract opportunistic 
behavior-may not be mobilized since the "foreign"organization is not viewed as legitimate. 

Craftin Rules to
Crafting Rules to 


As discussed in Chapter 2, opportunism can take 
many forms. Free riding, rent seeking, and corruption 
are the three forms of opportunism that are the most 
prevalent on irrigation systems. The difficulty of ex-
cluding farmers who do not contribute to the main-
tenance of a system from benefitting from the con-
struction, repair, or maintenance activities performed 
by others creates the potential for free-riding behavior 
on any system. Obtaining control over resources to 
make a higher profit than would be possible under 
competitive circumstances-rent seeking--can occur 
anywhere (see Repetto, 1986). Soliciting illegal side 
payments in exchange for favors--corruption-is 
also a widespread threat to efficient and fair opera-
tions in all settings. 

If free riding becomes the dominant mode of be-
havioron irrigation systems-which is certainly pos-
sible-all users are ultimately hurt. Without resource 
inputs in the form of fees, labor, or materials, a system 
cannot be repaired and maintained for long. When 

canals silt-up, sufficient water does not flow through 
them to supply tail-end farmers. If farmers are assured 
that benefits exceed costs, that their inputs are neces­
sary, and that most other farmers will also participate, 
they will frequently forgo free riding and contribute 
substantial amounts of labor. In other words, farmers 
want to be protected against being the "suckers" who 
participate while free riders devote themselves to 
private activities and snicker at the gullibility of those 
who participate. 7 

Free riding involves passive behavior-free­
riding farmers let others contribute while they refrain 

from contributing to the provision of a collective 
benefit. Rent seeking, on the other hand, involves 
active efforts to obtain disproportionate advantage 
from profit-making activities. 

Potential recpientsofeconomicrentcompete 
for them, not by out!;idding rivals in the 
marketplace through superior economic ef­
ficienc through buperio cono l 
ficiency and foresight, but by trying to control 
the people who allocate them. Political 
manipulation, intimidation, and corruptionreplace economic efficiency as ways to get
ahead. Inevitably, most of the available rents 

are captured by those with power, influence 
and wealth, and rent-seekers think that usingthe resource efficiently is much less impor­

tant than gaining control of the allocation 
mechanism (Repetto, 1986:14). 

Once rent seekers h,,e gained special privileges, they 
can use the substantial profits they gain to preserve 
and expand their excessive gains. 

Rice farmers and influential politicians have much 
to gain by seeking external funding for large-scale 
irrigation projects from donor agencies and by con­
tinuing to use fiscal systems that assess the general 
taxpayer for the cost of operating and maintaining 
irrigation systems, rather than the irrigators. Institu­
tional rules that require irrigators to cover the cost of 
operating and maintaining their systems (and to con­
tribute to the recovery of the initial investment) can 

help curb rent-seeking behavior. Nationwide direc­
tives that charge farmers for the water they use may 
be completcly ineffective unless an agency is willing 
to devote substantial resources to monitoring and 
sanctioning noncompliers. Farmers are actually will­
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ing to pay considerably more money than the nominal 
fees written into most national legislation. But this 
willingness to pay is for water they are assured of 
obtaining by buying directly from a deep-well pump 
owner or by paying a bribe in return for the assured 
delivery. Rent seeking cannot be curbed by legislative 
fiat alone without real efforts to increase the perfor-
mance of systems so farmers perceive definite 
benefits from their payment of water-use fees. Since 
fees frequently are not part of the income of a project, 
it is hard to relate increased fee collection to improved 
system performance. 

Devising institutions that do not allocate full con-
trol over essential resources to public officials can 
help to reduce corruption. On those self-organized
irrigation systems where corruption is typically low,
the resources needed to produce jointly beneficial 
outcomes are rarely transferred to or controlled by
officials. Many of the resources mobilized to operate
and maintain such systems are in the form of labor. 
Since users of the system know exactly where their 
labor is being allocated on work days, they can insist 
that their work be entirely devoted to the upkeep of 
the system, rather than to improving the land of an
official. Once input resources are mobilized in the 
form of money rather than labor, careful record-keep-
ing that is open for public inspection is a critical 
requirement for circumventing corruption, 

Crafting Monitoring, Sanctioning,and Conflict Resolution Mechanisms 

It is as important to devise workable procedures for 
monitoring the behavior of suppliers and users of 
irrigation water, sanctioning nonconforming be-
havior, and resolving conflict as it is to devise the rules 
themselves. Insituations where substantial temptation 
to engage in opportunistic behavior exists, no set of 
rules will be self-enforcing (V. Ostrom, 1980).
Whether the behavior of participants conforms to the 
rules-in-use must be determined by those involved 
and, potentially, by officials and/or external guards.
Those who do not conform to these rules need to have 
sanctions imposed upon them. As soon as some in-
dividuals monitor others and impose sanctions on 
them, conflict will occurover rule interpretation, over 
the facts of the event being sanctioned, and over the 
appropriate level and type of punishment.8 Lack of 
monitoring, lack of sanctioning, and/or lack of inex-

pensive, available, and fair arrangements for conflict 
resolution can all undermine a complex. system of 
mutual expectations and commitments. 

Michael Hechter (1987: 150-157) identifies 
several strategies that groups can adopt to increase the 
effectiveness of monitoing, including: (1)increasing

I 
visibility through architecture and the creation of 
public rituals and (2)minimizing errors of interpreta­
tion by establishing clear-cut rules and recruiting par­
ticipants who share similar understanding of the 
world. 'lhe physical design of an irrigation system and 
the devices and rules used by farmers in distributingwater can affect how costly it is to monitor and how 
likely it isthatrule-breakingbehaviorwillbedetected. 
Systems that are constructed so that the actions of 
farmers taking water are visible at low cost to other 
farmers waiting to take their turns increases the 
prospect of effective monitoring. Similarly, rules re­
quiring a sequential rotation system along any one 
canal greatly reduce the ambiguities of who is sup­
posed to be taking water and who is next in line. 
Further, such rules bring those who are most directly
affected to a similar physical location at overlapping 
intervals of time. 

Thesequentialrotationsystemsthatarefrequently 
used in farmer-managed systems are criticized by
irrigation engineers as being too rigid and tectmically 
inefficient. If a farmer has a higher-value use for 

available water but is not next in line, it is difficult toadjust these sequential water distribution systems todeliver water to the farmer who will receive the 
highest value from it.There may be other factors to 
take into account in evaluating the allocation rules of 
an irrigation system besides the short-run efficiency
of water use. If farmers cannot effectively monitor an 
allocation scheme at a relatively low cost, short-term 
efficiencies can rapidly be lost as monitoring declines 
and improper allocations (theft) rise. Farmer-con­
structed irrigation systems are frequently divided into 
many discreet physical units within a larger system.
At times, they are "arranged so that each unit is served 
directly from the main canal or a lateral and is not 
dependent on a water supply that passes over the 
territory of another mini-unit" (Coward, 1980: 207).
This type of physical design has two consequences.
First, the number of farmers whose actions directly
affect one another is small, even when the number of 
farmers served by the entire system is quite large. 
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Second, the efficacy with which each farmer can 
monitor other farmers is also relatively high. 

Of course, for division of a large system into 
relatively separable subunits to be effective, clear and 
unambiguous rules for allocating water among these 
subunits Must exist and be monitored effectively, 
Farmer-owned, "federated" systems tend to organize 
themselves around mini-units when they are formally 
organized, and they tend to employ a much higher 
level of personnel responsible for distributing and 
monitoring activities than centrally controlled sys-
tems of about the same overall size. Conflict resolu-
tion mechanisms are also present. 

Hechter stresses the importance of homogeneous 
participants in minimizing errors of interpretation as 
to what constitutes a legal strategy. The effectiveness 
of monitoring is lowered if an observed action is not 
clearly interpreted as either a rule-breaking or a rule-
conforming act. Here again, cultural traditions are 
important in helping to define what is clearly within 
and outside the bounds ofacceptable behavior. Allow-
ing animals to trample on the sides of a canal---there-
by increasing maintenance costs for everyone-may 
either be considered unpardonable or simply the quirk 
of the animals and not under the control of an owner, 

What constitutes an effective sanction varies from 
system to system. When the rules are viewed as 
legitimate by users and users live in small villages 
where most of their future opportunities for mutual 
gain are based on their reputation as trustworthy per-
sons, the fear of adverse gossip alone may be a suffi-
cient sanction to keep most users from succumbing to 
the temptation to disregard the rules. Many farmer-
managed systems assess very small penalties on first-
time offenders or those who have a record of rule 
conformance in general. On such systems, sanctions 
are apt to increase from an initially low level to a very 
high level, such as refusing water to the errant farmer 
(or, more extremely, social banishment). 

On many irrigation systems run by governmental 
agencies, however, rule-brea-king may be rampant, 
and sanctions are imposed on those attempting to 
enforce project regulation rather than on those 
engaged in illegal behavior.9 Harriss (1984: 322)
describes the blatant rule-breaking on some Sri
Lankan systems where "gates are missing, structures 

damaged, channels tapped by encroachers and 
others." When asked why they did not prevent some 

of the more blatant offenses, two agency employees 
replied "that they were afraid to because of the fear of 
being assaulted" (ibid.). Risking such an assault is 
doubly futile considering the low probability that an 
offender would actually le punished. 

Prosecutions have to be carried out by the 
police, who have usually treated water offen­
ses as trivial, and who do not have the same 
incentives to tackle them as in other cases. 
Further, delays over court proceedings and 
the very light fines which have been imposed 

on those who have been found guilty of irriga­
tion offenses, have made the legal sanctions 
ineffectual (ibid.). 

Irrigators with the appropriate connecions to Sri 
Lankan party officials may never be prosecuted at all. 
All efforts to impose sanctions imply costs. 

Devising sanctioning methods for government 
employees who break regulations is also problematic 
on very large projects. To sanction government 
employees, someonc has to observe them taking il­
legal actions. Since the administrative staff on many 
of these projects is minimal in the first place, adding
effective monitoring arrangements is difficult. Fur­
ther, if the police and the courts consider the actions 
of farmers too trivial to prosecute, the illegal actions 
of an underpaid official accepting small bribes for 
special favors is unlikely to be treated very seriously. 
If corruption is a way of life, supervisors arc likely to 
be unwilling to expose an employee discovered taking 
a bribe, unless there is a major campaign mounted 
against corruption and exposing an official's digres­
sion would result in political gain for his or her supe­
riors. Sanctions for simple non-performance of work 
are also quite rare on large government projects. 

Crafting Multiple Layers of Rules 

The design of effective irrigation institutions affects 
many individuals starting with small groups of 
farmers who share a particular canal and extending 
outwardtoincludemanyotherswhomaynotevenlive 

in the same country. Many irrigation systems are 
large-scale, multiple-purpose systems funded by both
national governments and bilateral and multilateral 
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donors. River-basin development authorities have fre-
quently been located on international rivers, such as 
the Senegal River, where the productivity of agricul-
tural endeavors in more than a single country is simul-taneously affected. The interests of diverse publics
tnedo aecnsidred.T intrests ofti-vere pystms
need to be considered in these multi-layered systemsor considerable tensions emerge as individuals seek-ing different outcomes attempt to interact. 

The problem of crafting multiple layers of rules is 
exacerbated by the dominant theory of sovereignty 
used by policy analysts and by officials of national 
governments and international donors. A theory of 
sovereignty assumes that a"unity oflaw" is necessary 
in all societies and that a "unity of power" is the only 
way to obtain this unity of law (V. Ostrom, 1988). A 
single center of authority is thus deemed necessary to 
achieve order. This center of authority is perceived as 
sovereign and is the maker and enforcer of all rules 
within a society. 1° The concept of sovereignty
presumes that there can be only one source of 
authority in a society and that others are simply the 
subjects of rules determined by the rulers. 

Those who have the ultimate authority to 
goven, ndmoopol ofthelocalhve 

legitimate use of force in a society, exercise 
an authority to determine all other authorityrelationships.Sovereigns,then,are the source 
of law and cannot themselves be held ac-

countable to a rule of law. All others aresunbjeinth presee of a Asoer and 
soveecin nthpen e o anvereign; anpolitiessovereigns, not being limited to any enforce-
able rule of law, stand outside the law, that is, 
are outlaws in relation to those who are sub-
jects (V. Ostrom, 1988: 58; author's em-
phasis). 

As long as national governments are perceived to 
be sovereign powers, economic assistance is or-
ganized on a state-to-state basis or a multilateral 
donor-to-state basis. Until quite recently, almost all 
donors worked exclusively with national govern-
ments and presumed that rules regulating irrigation 
would be passed in national legislatures or changed
by administrative fiat in national ministries. Donor 
presumption of national government sovereignty, 
coupled with the immense flow ofmonetary resources 
from thedonorcommunity forinvestment inirrigation 
projects, has helped to increase the power of central 

authorities over local authorities and citizens in 
general. 

A different concept of political order is necessary 
A en t dveopmet o rderlis eesto encourage the development of multiple regimes 

within and across national boundaries that allow forso ed g eofa t n m at ac l vl.I tad fsome degree of autonomy at each level. Instead ofpresuming that there is one and only one source of law,it is necessary to presume that individuals at many
different scales of organization can constitute their 
own orders so long as there are mechanisms to ensure 
peaceful conflict resolution. A complex, multi-layer 
polity is based on different design principles than 
those of a sovereign state (see V. Ostrom, 1991).
Instead of authority stemming from one and only one 
source, organization is from the bottom up as well as 
from the top down (see Oakerson, 1988). Many dif­
ferent individuals participate in the crafting of multi­
ple tiers of rules, leading to a polity with extensive 
interorganizational arrangements in which in­
dividuals interact both horizontally and vertically. A 
society, then, is not limited to only two types of 
institutiona'l arrangements-the market and the state; 
instead, a society can be viewed as comprising richmixtures of private and public institutions, includingpublic economies (Advisory Commission on 
Iovernmenli l Reltis (A Cois nIntergovernmental Relations (ACIR), 1987). In a
polity composed of many interacting enterprises, the 
crafting of institutions is a continuous process occur­
ring at all levels. In such a polity, conflict resolution 

mechanisms take on a more important role than in 
where there is only one source of rules. Ifeffective conflict resolution mechanisms that recog­

nize the relative autonomy of different levels of rule­
making authority are not present, the autonomy of 
local levels of organization is apt to erode over time. 
Thus, in many developing countries where national 

governments have tended to exert their recognized 
power as the sovereign source of law, local-level 
rule-making has occurred only in isolated locations or 
surreptitiously. The diversity of attributes affecting 
local decision-making related to irrigation makes it 
doubtful that any single tier of rules will be sufficient 
to establish mutually productive arrangements for 
diverse communities of individuals. From this 
perspective, the findings described in Chapter Icon­
ceming massive institutional failures in highly 
centralized systems are not at all surprising. We will 
return to this issue again in Chapter 5. 
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Crafting Rules in Ongoing Processes 
The crafting of institutions never ends. In any com-
plex and dynamic environment the set of rules-in-use 
at any particular point in time is unlikely to have 
achieved optimality. This is so even though highly 
motivated individuals may have crafted their own 
rules in the past. In a complex environment, it is 
difficult to ascertain which of the many factors that 
affect outcomes is primarily responsible for poor 
results. In a year when agricultural yields are poor, is 
it due to a shortage of rainfall, the breakdown of 
control gates, anew allocation rule, or increased rule-
breaking among participants? Similarly, if no one is 
willingtoabidebyanewlydevised rule, eithertherule 
or its monitoring or sanctioning need to be modified, 
yet the causes of poor conformance to a rule are 
frequentlydifficulttodiscem, especially as they inter-
act with one another. An allocation rule that would 
potentially help farmers to produce a better-than-ex­
pected harvest in a year with low rainfall might be 
initially implemented over a series of years with 
higher than average rainfall, during which its effect 
might actually be to lower the potential yields that 
could be obtained. The rule might then be rejected as 
unsuitable for future use, even though it might be a 
practical rule for use indry years. 

The process of institutional change also involves 
the type of "path dependence" that characterizes tech­
nological change (David, 1988; Arthur, 1988). His-
torically, small changes can have amajoreffect on the 
path of innovations that are pursued. This isbecause 
there are usually increasing returns to the use of any 
particular type of rule. Once one section of a large 
irrigation system begins to experiment with a rotation 
system, for example, the farmers on this section can 
begin to learn how to improve on these rules and how 
to improve agricultural processes based on the expec-
tation of the continuance of these rules. If other sec-
tions ofthe project also adopt similar rules, even more 
experience isgained intheir use and the more they can 
be improved. Ifall sections ofthe project adopt similar 
allocation rules and if the agency responsible for 
operating the large system is adaptable and responsive 
to the articulated preferences of farmers, it may be 
possible for procedures allocating water to major 
canals to be adjusted so they "fit" the allocation sys-
tems used on sections.1i Over time, experience with 
successful rules enables individuals to learn how to 

use these rules even more effectively. Any effort to 
use alternative rules may then be doomed to rejection. 
Even if those alternate rules could help increase the 
performance of the system (once individuals gained 
experience with them), initial efforts to experiment 
with them are not likely to lead to their adoption. 

Other factors also contribute to the path depend­
ence of institutional change. As discussed above, a 
new rule affects not only the amount of net benefits 
that can be derived from a systLrm but also the distribu­
tion of those benefits. Once some individuals have 
achieved a particular distribution, they will be loathe 
to accept a new rule that does not allocate at least as 
many benefits as before. This leads Freeman and 
Lowdermilk (1985: 101) to indicate that it is "dis­
astrous" to make an irrigation system operational 
before serious consideration has been given to the 
rules to be used in allocating water. 

The reason is simple and profound: when 
water flows, some farmers are indetterinitial 
positions than others to take advantage of the 
resource. They quickly employ their good 
fortun t onso e ispr ate ad 
vantages, and then oppose later attempts to 
reform the situation-usually with success 
because of their hold on critical resources 
(ibid.). 

Many large irrigation projects share a similar his­
tory of moving from an era of seeming abundance 
toward ever-greater scarcity. When a project is first 
initiated, only some farmers switch to using irrigation 
water, while man)' continue to rely on natural rainfall. 
The construction procedure also creates a similar 
trajectory of behavior. 

The dam is normally built first, then the main 
canal is started, then the distributaries are 
added from the head-end downwards. 
Meanwhile the dam is filling while the sei­
vice area is small. The top-end farmers are 
allowed to take and use water by methods 
which are very inefficient in terms of con­
vevance efficiency (but which saves them 
land development and labor costs). The 
public authorities are more concerned that the 
water be used than that it be used efficiently. 
After several seasons the farmers' agricul­
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tural operations are 'locked in' to these 
methods, to the point where farmers resist 
cut-backs in water supply which might force 
a higher efficiency of water use. The public 
authorities themselvesdeveloppattemsof be, 
havior which reflect the priority to promote 
irrigation rather than rationing water (Wade, 
n.d.: 7-8). 

As more and more farmers begin to use water, the 
demand for water begins to exceed supply. The "sub-
sequent evolution of water rights is, however, much 
influenced by the starting conditions in pre-scarcity 
conditions" (Wade, n.d.: 8). Decades of conflict may 
result from early developments that roughly conform 
to this sequence. 

Crafting institutions is a continuing process due to 
the complex task of devising institutions that both 
match the unique combinations of variables present 
on any one system and adapt to changes in many of 
these variables over time. The system is never really 
stable. Not only are climatic conditions always vari­

able, but the physical system tends to "wear out." In 
an irrigation system, dams and canals silt-up, control 
structures break down, and underlying strata give 
way. If effective institutions are in place, considerable 
efforts can be devoted to counteracting physical 
deterioration, but no physical system operates exactly 
the same way year after year. As demands for water 
grow, conflict over water may escalate. The monitor­

ing, sanctioning, and conflict resolution mechanisms 
that once were satisfactory may no longer do the job. 

It is necessary to stress the ongoing nature of the 
process of crafting institutions, since it is so frequently 
described (if discussed at all) as a one-shot effort to 
organize farmers. Rather, those who are directly in­
volved with the flew characteristics of a particular
system, the economic conditions of a locality, and the 

s adnso the coninditheconomicvalues and norms of thc users must have continuing
authority to craft at least some ofthe rules that impinge 
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Chapter 3 Notes 
I. These incentives are in marked contrast to tho.e faced by irrigation officials in Korea, where parastatal organizations
are responsible for irrigating about 36 percent of the irrigated farm land. In each system, most of the officials were 
born and raised in the locality and are of an economic and social background similar to that of the farmers. "So attached 
to the local area are staff members that transfer out of the command area is a major threat for breach of duty" (Freeman
and Lowdermilk, 1985: 106). Counteracting this attachment to a locale and resultant long time horizon, however, is a 
highly centralized authority system that gives local officials and farmers little say on how in igation systems should be 
operated. In the Korean case, established farmers have devised workable systems for allocating water; but they are not 
very efficient due to the poor maintenance of control structures (see Wade, 1982a). 

2. Heckathom (1984) models this as a series of nested games. 

3. Since the seminal work of Walter Coward (1979), irrigation soziologists have stressed the importance of an
organizationalcharter that specifies the rights and duties of irrigators and how future decisions will be made in a 
legitimate and authoritative manner. A charter is a constitution for an irrigation system, specifying the rules for making
collective decisions and operational choices. This is analogous to a "charter" as articulated in the U.S. Constitution 
(see also V. Ostrom, 1987). 

4. These levels exist whether the organied human activity is public or private. See Boudreaux and Holcombe (1989)
for a discussion of the constitutional rules of homeowner associations, condominiums, and some types of housing 
developments. 

5. In designing the constitution of an irrigation community, for example, setting up a legislative body requires
determiring how many representatives there should be. Determining the number of representatives would be affected
by the physical layout. If there are five canals, having one representative from each canal may work well. If there are 
50 canals, participants may want to cluster canals into branches in order to select representatives. Whatever 
constitutional choice is made about how many (and how to select) representatives, the effect on appropriation practices
results from deci!,ions made at both a collective choice and an operational level. It is extremely hard to predict these 
with any certainty prior to experience in a particular setting. 

6. See Martin (1986) for detailed descriptions of the diverse allocations systems used on farmer-managed, hill irrigation 
systems in Nepal. 

7. Many of the situations where free riding could occur have the initial structure of a Prisoners' Dilemma. The task of 
crafting institutions is to change the incentives so that free riding is no longer the dominant strategy or to convert the 
problem into an iterated situation where one of the potential equilibria is a high level of participation and to encourage 
the seeking out and retention of this equilibrium (see E. Ostrom, 1990). 

8. See discussion in Chambers (1980) concerning the high level of conflict that occurs on irrigation systems and the 
amount of time spent in conflict resolution by local leaders or administrators. 

9. Government-run irrigation projects in Japan, Korea, and Taiwan are major exceptions to the lack of monitoring and 
sanctioning of government employees for non-performance and for illegal action. 

10. Some of the perversities of this kind of system have been elucidated by Wunsch and Olowu (1989). 

11. This does nol happen when the agency responsible for managing a large system has its own allocation system not 
well-matched to that used by farmers (see, for example, Reidinger, 1974). 
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CHAPTER 4 

Design Principles Of Long-Enduring, 
Self-Organized Irrigation Systems 

When the users and suppliers of irrigation systems 
craft institutional arrangements to cope with the 
physical, economic, social, and cultural features of 
each system, the variety of institutional arrangements 
is immense. Major studies of irrigation systems 
throughout the world illustrate the substantial varia-
tions in the rules-in-use on systems located indifferent 
regions (Uphoff, 1986). Even more startling is the 
diversity of rules used on separate branches of very
small, self-organized systems. 

Ri'a Hilton's recent study (1990) of the Karjahi 
Irrigation System in Nepal-a generations-old, 
farmer-governed irrigation system-illustrates the 
diversity of rules used even withir one small, self-
organized system. The Karjahi system serves between 
460 and 500 hectares and around 200 households. It 
is divided into seven maujas for administrative pur-
poses, and each m,,uja has the authority to make its 
own rules. 

InKarjahi and Bergain, the head area always 
receives water first, and the tail last. In 
Buruwagaon, the pattern is reversed: the tail 
always receives water first. Gurgain mauja 
also uses a lixed pattern, but the starting point 
of distribution rotates annually. The plot 
which received water first in year 't-l' 
receives it last in year 't'. Two additional 
maujas (Guruwagaon and Pakwai) use some 
sort of rotation in their areas, but the starting 

point of rotation is not fixed in any pattern. It 
is determined annually. The remaining mauja 
(Bachaha) determines the pattern of water 
distribution on an annual basis. The primary 
criterion used in setting the pattern in any one 
year is need: the driest plots are given water 
first (Hilton, 1990: 25). 
For all of the diversity of particular rules used 

within the specific administrative units of the Karjahi 
system, however, the administrative units themselves 

are characterized by auniform setofdesignprinciples. 
This is typical of many other long-enduring, self­
organized systems. 

Focusing on specific rules in analyzing and 
prescribing institutions for irrigation systems is like 
focusing on specific blueprints for constructing suc­
cessful irrigaticai projects around the world: the 
specific blueprints differ for all irrigation projects. 
When local participants actively craft rules to fit their 
own changing circumstances over time, their rules-in­
use differ also. Although blueprints vary, common 
engineering principles underlie the blueprints used to 
construct physical structures. Similarly, the rules es­
tablished for particular systems are based on design 
principlesthat users have discovered in crafting their 
own irrigation institutions. 

Recent theoretical and empirical work on institu­
tional design has attempted to elucidate the core 
design principles used in a large number of long­
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enduring, self-organized irrigation institutions 
throughout the world (E. Ostrom, 1990).1 A "design
principle" is an element or condition that helps to 
account forthe success of institutions in sustaining the 
physical works and gaining the compliance of genera-
tions of users to the rules-in-use. A "long-enduring"
irrigation system is one that has been in operation for 
at least several generations. Although it is impossible 
to evaluate the efficiency of these systems precisely, 
the repeated willingness of the users of these systems 
to invest large amounts of labor and other resources 
is strong evidence that individual farmers receive 
more benefits from these systems than the costs they 
assume for maintaining them. It is not at all unusual 
for a fanner to devote 20 days of labor per year to the 
operation and maintenance of these systems. Farmers 
who divert valuable labor from other activities to dig 
out canal sections, repairdiversion works, and operate 

weirs are "voting" with their backs to indicate a con­
tinued willingness to contribute resources to the sus­
tenance of theirjoint facility. While all such systems 
impose sanctions on those who do not contribute 
agreed-upon resources, the size of these sanctions is 
sufficiently small that coercion is an unlikely explana­
tion for the continuity of the systems. These self­
organized systems thus meet the World Bank's defini­
tion of economic sustainability, even though the tech­
nical efficiency of many of them could be improved. 

The design principles that characterize long- en­
during, self-organized irrigation institutions are liFsed 
in Table 1.For these design principles to constitute a 

credible explanation for the sustenance of irrigation 
systems and related institutions, the effect of rules 
characterized by such principles on incentives mustbe established. This will be done in the discussion 
below. 

Table 1. 
Design PrincipiesIllustrated by Long-EnduringIrrigationInstitutions 

I. Clearly Defined Boundaries 
The boundaries of the service area and the individuals or householdc with rights to use water from an ir­
rigation system are clearly defined. 

2. Proportiona! Equivalence Between Benefits and Costs 
Rules specifying the amount of water that an irrigator is allocated are related to local conditions and to 
rules requiring labor, materials, and/or money inputs. 

3. 	 Collective-Choice Arrangements 
Most individuals affected by operational rules axe included in the -roup which can modify these rules. 

4. Monitor!ng 
Monitors, who actively audit physical conditions and irrigator behavior, are accountable to the users 
axid/or are the users themselves. 

S. Graduated Sanctions 
Users who violate operational rules are likely to receive graduated sanctions (depending on the serious­
ness and context of the offense) from other users, from officials accountable to these users, or from both. 

6. Conflict Resolution Mechanisms 
Users and their officials have rapid access to low-cost, local arenas to resolve conflict between users or 
between users and officials. 

7. 	 Minimal Recognition of Rights to Organize 
The rights of users to devise their own institutions are not challenged by external governmental 
authorities. 

8. Nested Enterprises 
Appropriation, provision, monitoring, enforcement, conflict resolution, anC governance activities are or­
ganized in multiple layers of nested enterprises. 
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Design Principle One: 

Clearly Defined Boundaries 

The boundariesoftheservice areaandthe individuals 
orhouseholds with rightsto use waterfrom an irriga-
tion system areclearlydefined, 

Defining the boundaries of the irrigation system
and of those authorized to use it can be considered a 
first step in organizing for collective action; if either 
of these boundaries is unclear, no one knows what is 
being managed, or for whom. Without defining the 
boundaries of a system and closing it to outsiders, 
local irrigators face the risk that any benefits they 
produce by their efforts will be reaped by others who 
do not contribute to these efforts. Thus, for irrigators 
to .ave a minimal interest in coordinating patterns of 
appropriation and provision, some users have to be 
able to exclude other potential users from taking 
water.2 

Simply closing the boundaries is usually not 
enough. Even those irrigators who have authorized 
access can abuse their privileges. Farmers at the head-
end of the system may take so much water that the 
flow of water at the tail-end may be unpredictable and 
inadequate for agricultural use. The actual system 

yield may be far less than it could have been, even 

though some farmers have reaped considerable 

benefits. Consequently, in addition to closing the 
boundaries, rules limiting use and/or mandating
provision are needed whenever water scarcity is 
present. 

Design Principle Two: 
Proportional Equivalence
Between Benefitsand Costs 

Rules specifying the amountofwater thatan irrigator 
is allocatedarerelatedto localconditionsandto rules 
requiringlabor,materials,and/ormoney inputs, 

Adding well-tailored appropriation and provis-
ion rules to boundary rules helps account for the 
sustenance of irrigation systems themselves. Self-
organizing irrigation systems use different rules to 
mobilize resources for construction or ii,,intenance, 
and to pay water guards. In long-enduring systems,
those who receive the highest proportion of the water 
are also required to pay the highest proportion of the 
costs.3 No single set of rules defined for all irrigation 

systems in a region would have this result, as il­
lustrated in the conclusion ofi this section.4 Crafting 
rules to equalize benefits and costs has to take into 
account many of the unique features ofeach irrigation 
system. 

Design Principle Three: 
Collective-Choice Arrangements 
Most individuals af 

fected by operational rules are
 
includedin the groupwhich can modify these rules. 

Irrigation systems that use this principle are able 
to better tailor rules to local circumstances, since the 
individuals who interact directly with one another and 
with the physical world can modify their rules over 
time to better fit them to the specific characteristics of 
their setting. Users who design institutions that are 
characterized by the first three principles--clearly 
defined boundaries, benefit-cost congruence, and user 
participation in collective choice-should be able to 
devise effective operating rules if they keep the costs 
of changing these rules relatively low. 

The presence of effective operational rules, how­
ever, does not account for users following them. Nor 
is the fact that the users themselves designed and 
initially agreed to the cperational rules an adequate
explanation for generations of compliance by in­
dividuals who were not originally involved in the 
initial agreement; this is not even an adequate ex­
planation for the continued commitment of those who
 
were part of the initial agreement. Agreeing to follow
 
rules ex ante is an easy commitment to make. Actually
following rules ex post, when strong temptations are 
present, is the significant accomplishment. 

The problem of gaining compliance to rules-no 
matter what theirorigin -is frequently assumed away
by theorists positing all-powerful externalauthorities 
who enforce agreements. In the case of many self­
organizing systems, no external authority has suffi­
cient presence to play any significant role in the day­
--day enforcement ofthe rules-in-use. Thus, external 

enforcement does not explain high levels of com­
pliance. In long-enduring systems, however, irrigators 
themselves make substantial investments in monitor­
ing and sanctioning activities. This leads us to con­
sider the fourth and fifth design principles. 
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Design Principle Four: Monitoring 
Monitors,who activelyauditphysicalconditionsand 
irrigator behavior, are accountable to the users 
andlorare the users themselves, 

Design Principle Five: 
Graduated Sanctions 
Users wh. violate operational rules are likely to 
receive graduated sanctions (depending on the 
seriousness and context of the offense) from other 
users,from officials accountable to these users, or 
from both. 

Now we are at the crux of the problem. In long-

enduring systems, monitoring and sanctioning are 
undertaken not by external authorities but by the par-
ticipants themselves. The initial sanctions used in 
these systems are also surprisingly low. Even though 
it is frequently presumed in modem theoretical work 
that participants will not spend the time and effort to 
monitor and sanction each other's performance, sub-
stantial evidence exists that irrigators do both in long-
enduring user organizations (see E.Osirom, Walker, 
and Gardner, 1990). 

To explain the investment in monitoring and 
sanctioning activities that occurs in these robust, self-
governing institutions, the term "quasi-voluntary 
compliance," used by Margaret Levi (1988: Ch. 3) to 
describe the behavior of taxpayers in systems wheremost taxpayers comply, is very useful. She uses the 
mter "qupayrsivlnacompliae" to. desbes t-
term "quasi-voluntary compliance" to describe tax-
payer behavior in such taxing regimes. Paying taxes 
is voluntary in the sense that individuals choose to 
comply in many situations where they are not being 
directly coerced. On the other hand, itis "quasi-volun-
tary because the noncompliant are subject to coer­
cion-ifthey arecaught" (Levi, 1988:52).Taxpayers, 
according to Levi, will adopt a strategy of quasi-
voluntary compliance when they are confident that: 

(1)rulers will keep their bargains and (2)the 
other constituents will keep theirs. Taxpayers 
are strategic actors who will cooperate only 
well. The compliance ofeach depends on the 
compliance of the others. No one prefers to 
copan"sucer"ofbd.the o . Nlike 
be a"sucker" (ibid.: 53). 

Levi stresses the contingent nature of acommit­
ment to comply with rules that is possible in a repeated 
setting. Strategic actors are willing to comply with a 
set of rules, Levi argues, when: 

P they perceive that the collective objective is 
achieved, and 

- they perceive that others also comply. 

Levi is not the first to stress how individuals who 
interact with one another over time are able to use 
contingent behavior to overcome free-riding 
problems (see, for example, Axelrod 1981, 1984; 
Lewis and Cowens, 1983).as anBut Levi stresses the im­portance of coercion essential condition for 
aheigter of contngent behavioseh 
achieving the form of coeny ltbehavior she has 
identified as quasi-voluntary compliance. In her 
theory, enforcement increases confidence that free 
riding is not allowed and that those who contribute are 
not "suckers." As long as individuals are confident 
that others are cooperating and joint benefits are being 
provided, they willingly contribute resources to 
achieve a collective benefit. In Levi's theory, enfor­
cement is normally provided by an external ruler even 
though her theory does not preclude other enforcers. 5 

Commitment in long-enduring water-user or­
ganizations cannot be explained by external enforce­
ment. in many instances, irrigators created their own 
internal enforcement to: (1) deter those who are 
ternlen to (1 d th ose woare tempted to break rules and thereby (2) assure quasi­

voluntary compliers that others also comply. Given 
the evidence that individuals do monitor the actionsof others, then the relative costs and benefits must 
have a different configuration than posited in prior 
work. Either the costs of internal monitoring are 
lower, the benefits to an individual are higher, or both. 

The costs of monitoring are low in many long­
enduring irrigation systems as a result of the rules-in­
use. Water rotation systems, for example, usually 
place the two actors most concerned with cheating in 
direct contact with one another. The irrigator who 
nears the end of a rotation turn would like to extend the time of his turn (and thus, the amount of water 
obtained). The next irrigator in the rotation system 
waits nearby for him or her to finish and would even 

to start early. The presence of the first irrigator 
deters the second from an early start, and the presence 

of the second irrigatordeters the first from ending late. 
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Neither has to invest additional resources in monitor-
ing activities. Monitoring is a by-product oftheir own 
strong motivations to use their water rotation turn to 
the fullest extent. Many of the ways that work teams 
are orgarazed also result in natural monitoring. 

When monitoring is accomplished by an agent 
accountable to the other users, several mechanisms 
increase the rewards for doing a good job or exposing 
slackards to the risk of losing their positions. In some 
systems, a portion of the fines is kept by the guards. 6 
Allyste, formaigua ositineisae accotble to.All of the formal guard positions are accountable to 
the users; thus, monitors can easily be fired if they arediscovered slacking off. Since users tend to continue 
mnioeredsackinge guars .a sellas e o memonitoring the guards as well as each other, some 
redundancy isbuilt into the monitoring and sanction-ingfaiuretoystm. eterrul-brakin byoneing system. A failure to deter rule-breaking by one 
mechanism does not trigger a cascading process of
rule infractions since these other mechanisms arepotenftiay avaible Consequentlymtheacosms andpotentially available. Consequently, the costs and 
benefits of monitoring a set of rules are not inde-
pendent ofthe particular set of rules adopted. Nor are 
they uniform inall settings. 

The fourth and fifth design principles-monitor-
ing and graduated sanctions-thus take their place a 
part ofthe configuration ofdesign principles that work 
together to enable users to constitute and reconstitute 
robust irrigation institutions. When users design their 
own operational rules (Design Principle 3)to be en-forabyinalules whosinareocles 3)or aun-forced by individuals who are local lisers or account-ableto hem(DeignPricipl 4)usig gaduted
able to them (Design Principle 4) using graduated
sanctions (Design Principle 5) that define who has 
rights and duties related to an irrigation system 
(Design Principle 1)and that effectively allocate the 
water available during different seasons of the year 
and other relevant local conditions (Design Principle 
2), free-riding and monitoring problems are solved in 
an interrelated manner. Once users make contingent 
self-commitments to contribute themselves, they are 
motivated tomonitorotherpeople's behavior, at least 
from time to time, in order to assure themselves that 
others are following the rules. 

Design Principle Six: 

Conflict Resolution Mechanisms 

Users and their officials have rapidaccess to low-
cost, localarenasto resolveconflict between users or 
between users andofficials. 

Applying rules is rarely an unambiguous task. 
Even such a simple rule as "each irrigator must send 
one individual for one day to help clean the irrigation 
canals before the rainy season begins" can be inter­
preted quite differently by different individuals. Who 
is or is not an "individual" according to this rule? 
Does sending a child under ten years or an adult over 
70 years of age to do heavy physical work meet this 
rule? Is a "day" of work fulfilled by someone working 
for four hours or six hours? Does cleaning the canal 
immediately next to one's own farm qualify for meet­igacmuiyolgtoFrni~aswose 
ing a community obligation? Forindiviuals who seekways to circumvent rules, there are always ways to 
"interpret" the rule in order to claim compliance whileculysbvrigtenet.Enidvdaswh 
actually subverting the intent. Even individuals whointend to follow the spirit of a rule can make errors.Whtapesiso onfrgsabualbrdy 
What happens if someone forgets about a labor day
andosotperWahpesifhenlab­
bodied worker is sick or unavoidably in another loca­tin 
tion? 

If individuals are to follow rules over along period 
of time, some mechanism fordiscussing and resolving 

what is or is not a rule infraction isnecessary. If some 
individuals are allowed to free ride by sending less 
valuable workers to a required labor day, others will 
consider themselves to be suckers if they send thcirstrongest workers who could be working to produce
private goods rather than communal benefits. Over
prvtgodrahrhncmualbefs.Or
time, only children and old people will be sent to dowoktareuestonadladthsyemilwork that requires strong adults, and the system wiU! 
break down. If individuals who make an honest mis­take or face personal problems that prevent them from 
following a rule cannot find mechanisms to make up 
their lack of performance in an acceptable way, rules 
may be viewed as unfair and conformance rates will 
decline. 

While the presence of conflict resolution 
mechanisms does not guarantee that users will be able 
to maintain enduring institutions, it is difficult to 
imagine how any complex system of rules could be 
maintained over time without such mechanisms. In 
any system, land assignments and subgroup organiza­
tion can increase or decrease the level of conflict 
facing members. When individuals who hold land at 
the head-end of a system also hold land at the tail-end, 
conflict between head and tail farmers is less likely to 
be as deep as when no cross-cutting interests soften 
group antagonisms (see Coward, 1979 and Downing, 
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1974). In many irrigation systems, conflict resolution 
mechanisms are informal and those who are selected 
as leaders are also the basic resolvers of conflict, 

Design Principle Seven: Minimal 

Recognition of Rights to Organize 

The rightsofusers to devise theirown institutionsare 
notchallengedby externalgovernmentalauthorities. 

This principle reflects the fact that many water-
user groups organize in a defacto manner but are not 
recognized by national governments as legitimate 

forms of organization. Consequently, leaders of a 

water-user organization cannot legally open a bank 

account in the name of the organization or represent 
the interests of their members before administrative 
orjudicial bodies. Decisions by user-group organiza-
tions may not be enforced by the police or by formal 

courts. Without official recognition of the right to 
organize, it is difficult to hold either user-group offi-
cials or members accountable for their actions. 

Defactoorganization is sufficient in isolated loca-
tions where irrigation is used primarily forsubsistence 
agriculture. But as soon as roads are constructed that 
create market opportunities for surplus products, the 
level of conflict over the allocation of water to dif-
ferent farmers or uses is likely to escalate. If govern-
ment agents use their authority to support those who 
refuse to follow the rules of a defacto organization, 
other participants will be unlikely to continue follow-
ingthe rules either. An effective irrigator organization 
lacking formal recognition may crumble rapidly when 
its authority to make legitimate rules for its own 
members is unsupported and challenged by the formalgovernment of a regime. 

Design Principle Eight: 
Nested Enterprises 
Appropriation,provision, monitoring, enforcement, 
conflict resolution,andgovernanceactivitiesareor-
ganizedin multiple layers ofnested enterprises, 

Long-enduring, large, and complex irrigation sys-
tems are usually organized into many tiers of nested 
organizations. Work teams may be as small as four or 
five individuals. All irrigators using a particular 
branch of an irrigation system may be the basis for 
another level of organization. A third layer may in-

volve all farmers served by one headworks. A fourth 
layer may involve all systems served by the same 
river. If the seventh design principle holds, all of these 
irrigation organizations would be nested in externally
organized political jurisdictions.7 

By nesting layers of organization within one 

another, irrigators can take advantage of many dif­
ferent scales oforganization. Small-scale work teams 

are an effective technique for overcoming free riding. 

Everyone monitors everyone else in situations where 
it is obvious if someone is shirking and where it is easy 

to communicate about such problems. Large-scale 
enterprises allow systems to take advantage of 
economies of scale when relevant and to aggregate 
capital for investment. By utilizing more than a single 

scale of organization, many farmer-managed irriga­
tion systems have sustained large-scale irrigation sys­
tems for long periods of time, relying primarily on 
their own resources-witlout extensive help from 

external agencies. Projects that have been constructed 
by external agencies without any investment by the 
irrigators themselves could learn substantially from 
the successful efforts of farmers to sustain their own 
complex systems over time.8 

Conclusion 
These eight design principles are stated generally. The 
specific way that suppliers and users of irrigation 
water have crafted rules to meet these principles vary 
in their particulars. Successful, long-enduringi 
tion institutions that appear to be based on quite dif­
ferent underlying designs have all developed methods 

to equate the costs of building and maintaining theimrgation system appropriately to the benefits that are 
achieved. Some examples may help the reader under­

stand the diversity of specific rules that meet Design 
Principle 2. 

The Zanjerasof Northern Philippines 

These self-organized systems obtain use-rights to 
previously uni rrigated land from a large landowner by 

building a canal that irrigates the landowner's land 
and that of a zanjera. At the time that the land is 
allocated, each farmer willing to abide by the rules of 
the system receives a bundle of rights and duties in the 
form of atars. Each atardefines three parcels of land 
located in the head, middle, and tail sections of the 
service area where the holder grows his or her crops. 
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Responsibilities for construction and maintenance are 
allocated by atars,as are voting rights. In the rainy 
seasons, water is allocated freely. In a dry year, water 
maybe allocated onlyto the parcels locatedinthehead 

and middle portions. Thus, everyone receives water in 
plentiful and scarce times in rough proportion to the 
amount of atars they possess. Atars may be sold to 
others with the permission of hle irrigation association 
and they are heritable (see Siy, 1982; Coward, 1979). 

Thulu Kulo in Nepal 

When this system was first constructed in 1928, 
27 households contributed to a fund to construct the 
canal and received shares to the resulting system 
proportionate to the amount they invested. Since then, 
the system has been expanded several times by selling 
additional shares. Measurement and diversion weirs 
or gates are installed at key locations so that water is 
automatically allocated to each farmer according tothe proportion of shares owned. Routine monitoring
and maintenance is allocated to work teams so that 

pndm antiancis p all yatedbuworktemergen 
everyone rtcire promall butemers 
repairs require labor input from all shareholders 
regardless of the size of their share (see Martin and 
Yoder, 1983; Martin, 1986). 

The Huertaof Valencia in Spain 

In 1435, 84 irrigators served by two interrelated 
canals in Valencia gathered at the monastery of St. 
Francis to draw up and approve formal regulations to 
specify who had rights to waterfrom these canals, how 
the water would be shared in good and bad years, and 
how responsibilities for maintenance would be 
shared. The modem Huertaof Valencia, composed of 
these plus six additional canals, now serves about 
16,000 hectares and 15,000 farmers. The right to 
water inheres in the land itself and cannot be bought 
and sold independently ofthe land. Rights to water are 
approximately proportionate to the amount of land 
owned as are obligations to contribute to the cost of 
monitoring and maintenance activities (see Maass and 
Anderson, 1986 and E. Ostrom, 1990). 

These three types of systems are quite different 
from one another. The zanjeras are institutional 
devices for landless laborers to acquire use-rights to 
land and water and might even be called communal 
systems. The Thulu Kulu system comes as close to 
allocating private and separable property rights to 
water as is feasible in an irrigation system. The Huer­
ta of Valencia has maintained centuries-old land and 
water rights that forbid the separation of water rights 
from the land being served. The Valencian system 
differs from both "communal" and "private property" 
systems because water rights are firmly attached to 
private ownership of land. Underlying these differen­
ces, however, is the basic design principle that the 
costs of constructing, operating, and maintaining 
these systems are roughly proportional to the benefits 
that the irrigators obtain. 

i is important to keep these differences in mind as 

we turn to a discussion of applying design principles. 
Slogans such as "privatization" may mask important
underlying principles rather than providing usefulguides for reform. Strict privatization of water rights
is not a feasible option within the broad institutional 
framework of many countries. On the other hand, 
authorizing the suppliers and users of irrigation water 

to participate in the design of their own systems-
Design Principles 3 and 7 combined-is a feasiblereform within the broad institutional framework of 
many countries. If participants are authorized to 
devise their own rules and are encouraged to learn 
about how others have successfully overcome dif­
ficult design problems, we can expect motivated par­
ticipants to find solutions to the highly salient 
problems that they face. The proportion of successful, 
self-organized systems can be greatly increased by the 
investment of central governments in general institu­

direcl ilved to ean ne walofegov and 
directly involved to learn new ways of governing and 
managing their systems,creat ee r ule s,and 
sanction behavior contrary to these rules. 
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Chapter4 Notes 
1.The methodology used to derive these design principles is contained in E. Ostrom (1990). The previous work of 
Coward, Chambers, V. Ostrom, Uphoff, and Wade has strongly affected my thinking on these issues. 

2. The presence of boundaries concerning who is allowed to appropriate from a resource has been used since the work 
of Ciriacy-Wannup and Bishop (1975) as the single defining characteristic of "common property" institutions, as 
contrasted to "open access" institutions. It is sometimes implied that this is all that is necessary to achieve successful 
reguhtion. Making this attribute one of eight, rather than a unique attribute, puts its importance in a more realistic 
perspective. 

3. Walter Coward (1979) identified this design principle as a major charecterisic of the successful irrigation systems
hehad examined. Itwas also identified by Mancur Olson (1969) as a very general principle--called fiscal equivalence­
of any public institution that would achieve efficient use of resources.
 

4. It is sometimes argued that the rules defining common property need not be as completely specified and detailed as 
those defining private property. Runge (1986: 33-34) argues, for example: 

If common property-the individual right to joint use-is the norm, comparatively fewer claims must 
be assigned and defined. Less clarity in the assignment of rights (at least by Western standards) may
also result. However, this is balanced against reduced social costs of assignment and definition. 

This is true only if one means that the costs of determining the physical boundaries for indi,idual use arc eliminated 
and only the boundaries of the resource itself must be determined. It is certainly not true in regard to the detailed rules 
that are necessary for governing how the common owners arc to appropriate and provide the resource. 

5. On irrigation sysi-ms that are owned and operated by government agencies, the agency could also provide the type 
of monitoring and sanctioning Levi has in mind. Robert Wade (1987) has a similar view of the willingness of many
irrigators to comply with reasonable rules if they were assured that others would also comply and that those who did 
not would be sanctioned. 

...in many situations individual irrigators will restrain their water rule breaking if they are confident 
that others will also refrain and ifthey are confident that they will still get as much water as they are 
fairly entitled to (even if not as much as they would like). They will more likely refrain from cheating 
if they are confident that by doing so they will not be the "suckers." Where people are motivated by an 
"I'll restrain if you restrain" calculation, then an institution (such as an irrigation department) that 
convinces them that these expectations are justified can promote voluntary compliance with the rules 
(Wade, 1987: 178). 

6. In some systems, guards are paid a proportion of the crop at the end of the year. With this type of payment, the 
guard's own payment depends on keeping the reliability of the system as high as possible so that the farmers being 
served can produce as much on their fields as possible. 

7. See Coward (1979) for his discussion of various aspects of this design principle. 

8. See Maass and Anderson (1986), Siy (1982), and Pradhan (1989) for descriptions of larger and more complex 
irrigation systems relying on nested organizational arrangements. 
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The design principles discussed in Chapter 4 were 
derived from analyses of self-organized, long-endur-
ing irrigation systems located in many different 
countries. Many of these systems now operate within 
sophsticatcd, multi-layered institutions crafted over 
long periods oftime, even though their physical struc-
tures are quite primitive. Long-term survival should 
not be equated with optimal performance even though 
long-term survival demonstrates sustainability. Self-
organization is no guarantee that optimal institutions 
will be crafted. 

The difficult), of matching rules to local cir-
cumstances is substantial. Not all systems find a set of 
rules that adequately meets the problems they face. 
These systems either limp along with inadequate in-
stitutions, leading to conflict and problems of insuffi-
cient resource mobilization, or do not survive at all. 
Previous investments in physical and social capital are 
wasted. Farmers return to dry-land agriculture and 
produce yields far below what they could if they were 
able to irrigate their land. 

Because institutions are invisible, it is unfor-
tunately not obvious to external observers whether or 
not a particular farmer-organized irrigation system 
has crafted rules that meet the design criteria 
described in Chapter 4. What is visible are the non-
permanent diversion works, unlined canals, and lack 
of modern control mechanisms that characterize so 
man), farmer-organized irrigation systems. Both suc-

CHAPTER 5
 

Applying Design Principles 

cessful and marginal farmer-organized systems ap­
pear primitive and ineffective to an engineer who 
expects to see permanent diversion weirs, lined 
canals, and effective placement of all physical works. 

Efforts to provide technical assistance and better 
physical works to farmer-organized irrigation systems 
can improve the efficiency and yield of many of these 
systems. Significant increases in agricultural yields 
can only be achieved by improving the operation of 
extant systems (see discussion in Chapter 1). Man), 
currently operating systems art farmer-organized sys­
tems whose performance could be improved with 
external assistance. Previous attempts to assist 
farmer-managed inigation systems, however, have 
frequently resulted in substantial decreases in perfor­
mance rather than the desired increases. 

Analyses of these failed attempts have pointed to 
the lack of awareness by project designers of the 
institutions that already existed (Coward, 1985). 
Project designers of unsuccessful reconstructions 
most frequently assumed that nothing of any value 

existed before the physical works they planned. The 
amazing number of successful reconstructions of 
farmer-organized irrigation systems in the Philippines 
and in Nepal attests to the potential for substantial 
improvement in the operation of these systems when 
project designers are aware ofexisting institutions and 
farmers are directly involved in the design of new 
physical works and the institutions for financing and 

-45
 



operating these systems (see F. Korten and Siy, 1988; 
Pradhan, 1989b). 

The need to apply institutional design principles 
is even more pressing when we examine those large-
scale, government-owned irrigation systems that have 
proved unsustainable so far. Many of these systems 
already have permanent diversion works, lined canals, 
and modem control mechanisms. But as discussed 
above, little maintenance has been undertaken, and the 
level of conflict, fear, and lack of trust among farmers 
is substantial. Crafting improved institutions on these 
systems is significantly more difficult than improving 
the operation of existing farmer-organized systems. 

In most of these large-scale systems, few of the 
design principles discussed in Chapter 4 are met to 
even a minor degree. Service area boundaries are 
somewhat vague in practice, and no one is quite sure 
who obtains water from these systems. The farmers 
being served pay only a small proportion, if any, of 
the costs involved in constructing, operating, and 
maintaining these systems. Neitherhe farmers nor the 
government officials involved in the day-to-day sys-
tem operation participate in the crafting of system
rules. No one's behavior is monitored or sanctioned 
and few conflict resolution mechanisms are available. 
Where farmers are formally encouraged to organize, 
officials insist that everyone follow the same or-
ganizational blueprint. 

The design principles presented in Chapter 4 pro-
vide potentially powerful tools for diagnosing and 
explaining why some irrigation projects are nonsus-
tainable. These design principles can also be used as 
tools for prescribing reforms so long as such 
proposals presuppose that reform is an ongoing 
process that must involve, at least in part, those direct-
ly involved. Reforms based on these design principles 
may, however, generate considerable opposition. For 
example, Design Principle 2 (along with the general 
approach outlined inthis study)requires beneficiaries 
of irrigation projects to cover at least the recurrent 
costs of those projects. Not surprisingly, proposals 
consistent with this design principle have frequently 
met strong resistance. Without anticipating such op-
position and understanding the reasons for it, reform 
proposals applying these design principles have little 
chance for long-term implementation. 

For this reason, the next section analyzes re. 
cent financial support for irrigation projects and the 
sources of resistance to changes in these financial 
institutions. The section following that reviews the 
experience of one long-term effort to achieve reform 
using the design principles outlined above. Finally, 
the last section summarizes some specific recommen­dations for donor agencies and host governments
datins ragies adot oernmets 
regarding strategies they could adopt to enhance the 
performance of irrigation institutions. 
Financial Incentives 
and IrrigationInstitutions 

ad srr cetof onsitions 
A major source of opposition to reform results from 
the way large-scale irrigation projects-and ever 
some small-scale, farmer-managed projectst-have 
frequently been funded. Monetary resources for con­
structing, operating, and maintaining irrigation sys­
tems are typically contributed by the taxpayers of the 
nation in which the irrigation system is located or the 
taxpayers of those nations providing economic assis­

tance funds. Hence, the financial connection between
supply and use is nonexistent. Whether the resources 
so mobilized are directly invested in the construction 
and operation of irrigation systems orare diverted for 
individual use by politicians or contractors depends 
on the professionalism of those involved and on active 
efforts to monitor and sanction diversions of resour­
ces. When the eventual users are involved in the 

construction and operation of irrigation systems, they
provide low-cost monitoring of how resources for 
these activities are used. This is lost when the users 
are not involved in construction or operation. Expen­
sive auditing systems are then needed, but are rarely 
supplied. Consequently, a considerable portion of the 
mobilized resources is diverted to purposes other than 
those for which it was intended. 

Further, the design of projects is oriented more 
toward capturing the approval of those who fund new 
construction than toward providing systems that solve 
the problems facing present and future users. To con­
vince politicians that large chunks of anational budget 
should be devoted to the construction of irrigation 
projects, planners attempt to design projects that are 
"politically attractive." This means that politicians
who support such expenditures can claim that the 
voters' funds are being used to invest in projects that 

-46 



will greatly expand the amount of food available and 
lower the cost of living. 

To convince external funding agencies that major
irrigation projects should be funded through loans or 
grants, the evaluative criteria used by these agencies
in selecting projects has to play aprominent role in the 
design of projects. Projects designed by engineers,
who lack experience as farmers or training as institu-
tional analysts, are frequently oriented toward win-
ning political support or international funding. This 
orientation does not lead to the construction of 
projects that serve most users (i.e., small-scale 
farmers) effectively or encourage the investment of 
users in their long-term sustenance. Inefficiencies 
occur at almost every stage. At the same time, this 
inefficient process leads to the construction of projects
that generate substantial profits for large landholders 
and strong political support for a government. 

All types of opportunistic behavior are en-
couraged, rather than discouraged, by: (1) the 
availability of massive funds to subsidize the con-
struction and operation of large-scale irrigation
projects and (2)the willingness (or even eagerness) of 
national leaders to subsidize water as a major input
into agricultural production. Corrupt exchanges be-
tween officials and private contractors are a notorious 
and widespread form of opportunism ; corrupt pay-
ments by farmers to irrigation officials are less well-
known, but probably no less widespread. Free riding 
on the part of those receiving benefits and the lack oftrust between farmers and officials, as well as among

farmers, are also endemic, Further, the potential rents

famersare alsodemi Fer e g tial rterbthat can be derived from free irrigation water by
large-scale landowners stimulate efforts to influence 
public decision making as to where projects should be 
located and how they should be financed. Politicians, 
for their part, win political support by strategicdecisions concerning who will receive or continue to 
receive artificially created economic rents. 

Robert Bates explains many of the characteristics 
of African agricultural policies by arguing that major
"inefficiencies persist because they politicallyare
useful; economic inefficiencies afford governments 
means of retaining political power" (Bates, 1987: 
128). Part of Bates' argument relates to the artificial 
control exercised over the prices paid for agriculturalproducts, a topic that is not addressed in this study. 

The other part of Bates' argument relates to the artifi­
cial lowering of input prices. 

When they lower the price of inputs, private 
sources furnish lesser quantities, users 
demand greater quantities, and the result is 
excess demand. One consequence is that the 
inputs acquire new value; the administrative­
ly created shortage creates an economic 
premium for those who acquire them. 
Another is that, at the mandated price, the 
market can not allocate the inputs; they are in 
short supply. Rather than being allocated 
through a pricing system, they must be ra­
tioned. Those in charge of the regulated
market thereby acquire the capacity to exer­
cise discretion and to confer the resources 
upon those whose favor they desire.... 
Public programs which distribute farm credit, 
tractor-hire services, seeds, and fertilizers, 
and which bestow access to government
managed irrigation schemes and public land, 
thus become instruments of political or­
ganization in the countryside of Africa 
(Bates, 1987: 130). 

Thus, there is an added dimension to rent seeking
in many developing countries. The losses that the 
in ea l c o n ga n t ries rueoss e nt ­
general consumer and taxpayer accrue from rent­
seeking activities are one dimension. The second 
aspect of rent seeking in highly centralized economic sis the acquisition of resources needed to accumulate 
and retain political power. All forms of opportunistic
behavior, therefore, are exacerbated in an environ­ment in which an abundance of funds is available for
 
the construction of new 
and frequently large-scalethegcontr ct s th a r e u e d a r .-s 
rrigation projects that provide subsidized water. This 

is exactly the political and financial milieux that ir­rigation suppliers have faced during the past 40 years 
in most developing countries. Developed countrieshave made vast amounts of money available todeveloping countries through bilateral and multi­
lateral loans and aid agreements. 

By comparison with the large sums of money that 
have been available for the construction of irrigation
projects, official fees collected from farmers served 
y government-operated irrigation systems in manycountries have been minuscule or non-existent. A 
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recent comparison of the official revenue received 
from farmers in Indonesia, Korea, Nepal, the Philip-
pines, Thailand, and Bangladesh indicates that only in 
the Philippines do the official fees collected from 
farmers equal or exceed the costs of operating and 
maintaining government-owned systems. In none of 
the countries do the fees collected come close to 
meeting a small proportion of amortized capital costs 
(Repetto, 1986: 5). The actual "price" that farmers 
may pay in illegal bribes is far from minuscule on 
some projects; however, these "fees" are not reflected 
in public records, nor are they used for the operation 
and maintenance of irrigation systems (other than as 
side-payments to low-level employees far larger than 
their small, official paychecks). The amount paid by
farmers in the form of bribes and the substantial price 
paid by farmers for water supplied by private tube-
well operators are evidence, however, of farmers' 
willingness to pay farmore than the current subsidized 
price for reliably available water. Farmers also derive 
higher agricultural yields when served by private ir-
rigation suppliers than when served by public sup-
pliers because the waer supply is more reliable 
(Repetto, 1986: 7). 

Many analysts view the financial largesse for 
designing and constructing new irrigation systems, 
combined with the lack of funding for operating and 
maintaining irrigation systems, as the major cause of 
the severe problems facing irrigation projects in 
developing countries. Changing the rules linking the 
supply of funds to the use of water isa frequently cited 
priority reform (Repetto, 1986; Easter, 1985; Small, 
et al., 1986; Wade, 1987), but it is not uniformly 
supported by researchers who have spent long periods 
in the field observing irrigation systems (see, in par-
ticular, Moore, 1989). Donor agencies have frequent-
ly urged national governments to commit themselves 
to amajor change in the way that irrigation is financed, 
but donor agency staff also face incentives that deter 
them from taking a strong stand regarding the recap-
ture of recurrent costs, let alone capital costs. Much 
of the focus on their perform ance ratings concerns the 
facility with which they move large quantities of 
money and manage projects. The well-known win-
ning strategy for meeting these performance criteria 
is to approve a small number of very large, capital-intensive projects (sec discussion inTendler, 1975; E. 
Ostrom, Schroeder, and Wynne, 1990). In addition, 

donor agency personnel are frequently assigned to a 
particular country or region for arelatively short term. 
Although many donor-supported projects are funded 
with the contingency that beneficiaries pay user fees 
to finance recurrent costs, the short tenure of donor 
agency personnel precludes the tenacity needed to 
ensure that this contingency is actually met. New 
personnel who are unaware of this commitment are 
transferred into the locality; meanwhile, the system 
has fallen into disrepair due to lack of funding for 
maintenance. The obvious need for reconstruction 
leads the new official to approve yet another 
reconstruction-a large, capital-intensive project.
The ease with which it has been possible to obtain 
funds for reconstruction of major projects that were 
not maintained due to a lack of local funding for 
operation and maintenance has sent confusing signals 
to host governments as to how serious donors really 
are about the need to reform the financing of irrigation 
systems (or other major infrastructures). 

Proposals to increase user fees on government­
owned irrigation systems, however, meet virulent op­
position from farmers, politicians, and irrigation offi­
cials. International donors have long argued that na­

tional irrigation agencies should charge fees that at 
least cover recurrent costs, if not some of the capital 
costs as well. It is easy to understand why farmers 
would oppose increases in the official fees they are 
supposed to pay. The economic rents obtained from 
artificially low input costs are rapidly capitalized back 
into the value of the land that has access to cheap 
water: land that has access to cheap water is greatly 
increased in value. Hence, a change in fee structure 
not only means that farmers have to pay substantially 
more for water, it also means that land values fall. 
Landowners with access to subsidized water are able 
to capture much of the artificial rents in the price they 
charge atenant; but the tenant is likely to be the person 
who has to pay the increases in the water fees. 

Farmer resistance to increased fees has an objec­
tive basis.t2 If the fees charged for water on some 
projects w f toe f s e o over the c o 

projects were to be raised sufficiently to cover both 
recurrentand capitalcosts-and the higher fees were 
actually enforced-many farmers would be better off 
not irrigating. They could not ear enough moneyfrom enhanced yields to cover the marginal costs of 
the higher irrigation charges. Arecent study examin­ing the feasibility of imposing water charges to cover 
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full costs in Indoresia, Korea, Nepal, the Philippines, 
and Thailand, concludes that ". . . the benefits of 
irrigation are not great enough to make possible the 
full recovery of costs in any of the five countries 
without making farmers worse off than they were 
before the introduction of irrigation" (Small, et al.,
1986, cited in Repetto, 1986: 8). In other words, the 
total benefits generated by these projects are not, in
practice, greater than the costs ofthe projects. Farmersare understandably resistant to paying for the excesses 
ofthe past.3 

The situation is only slightly better when one 
contemplates fees that cover recurrent costs alone,
without attempting to recover all past capital invest-
ments. O n one hand, the same study concluded that 
the aggregate benefits derived from irrigation projects 
in the five countries listed above are sufficient that 
farmers could afford to cover recurrent costs in each
of these countries. But even here, farmers have objec-
tive concerns. Aggregate benefits and costs average 
out the highly variable performance of different
projects. In actuality, on some projects, the benefits 
obtained from irrigation may not entirely cover even 
the recurrent costs of that project. Further, water fees 
are not tied to system performance. If water charges 
are not related to the availability and predictability of 
water, farmers may be asked to pay for water they
never obtain. Water fees are usedas general income 
by the national governments in many developing
countries and are not actually allocated to irrigation
agencies. Irrigation agencies, therefore, do notdepend 
on the collection of fees for their operational income,
The lack of responsiveness of irrigation agency per-
sonnel to farmers' concerns-unless these concerns 
are lubricated with side-payments--makes farmers 
hesitant to pay for water over which they have no 
control. 

Whether farmers on a particular project are suffi-
ciently better off as a result of increased agricultural
yields is highly problematic. Actual returns to the 
farmer depend on the price received for the agricul-
tural yield; the price and availability of necessary
inputs including credit, new-variety seeds, and fer-
tilizer, and the fees charged for water. An economic 
analysis conducted in 1980 of the potential return to 
farmers from the BICOL Integrated Area Develop-
ment, for example, concluded that some farmers 
would be substantially worse off if proposed fee in­

creases were imposed. In particular, those farmers 
who had previously irrigated their lands using small­
scale, gravity-fed systems would be worse off under 
the new, fee-supported system unless prices for their 
product radically increased or farm yields were to 
exceed those already achieved by the more productive
farmers in this region.4 

All of the following must occur before farmers aresufficiently better off so that payment of fees covering 
the 	iecurrent costs of many projects is objectivelyfeasible: 

.	 Farmers must have confidence that water will be 
reliably available when it isneeded before they
will either (a)invest in expensive inputs related 
w i l cra n d/or e s in est­in uh 

to a single crop and/or (b) make such invest­
ments in regard to double or triple cropping. 

2. 	Farmers must be able to obtain credit at a
reasonable interest rate in order to purchase 
more expensive inputs. 

3. 	Farmers must be able to obtain new inputs at
 
market-clearing prices and at the time when
 
they need to use them.
 

4. 	Farmers must find that their increased income is 
greater than the increased costs of new inputs. 

5. 	The increased net returs to the farmers must be 
greater than the operation and maintenance 
costs assessed against the farmers. 
Unless the first four conditions are met, farmers 

served by irrigation infrastnictures will not invest in 
the inputs that are necessary to generate increased 
agricultural yields. Unless the fifth condition is met,
farmers will strongly resist paying monetary fees or 
volunteering their labor for maintenance activities. 

The resistance of farmers to paying fees that coverrecurrent costs has many long-term consequences for 
the sustenance of major irrigation projects. Unless 
farmers either contribute to the operation and main­
tenance of such systems through the payment of fees 
that can be used to hire staff to operate and maintain 
a system, orperform many operation and maintenance 
activities themselves, the budgets of many irrigation
agencies are insufficient to do anything more than 
operate systems in a minimal fashion. Little invest­
ment can be made in routine or emergency main­
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tenance. The initial lack of maintenance triggers a 
vicious circle that has been c.aracteristic of many 
large-scale irrigation systems constructed in mecent 
years. Without adequate maintenance, sys:em 
reliability begins to deteriorate. As reliability 
diminishes, farmers are less willing to make high-risk 
investments in expensive seeds and fertilizers that are 
of little benefit without a reliable water supply. 
Without these input investments, the net return from 
irrigated agriculture declines further. As the returns 
from irrigated agriculture fall, farmers become still 
more resistent to contributing to the system's sus-
tenance. 

The Philippine Experience with an 
Ongoing Process of Institutional Reform 
Breaking out of these vicious circles is extremely 
difficult. The process undertaken by the National Ir-
rigation Administration (NIA) in the Philippines is 
one example of a reportedly successful effort to 
develop different rules for the financing of recurrent 
and capital costs. The Philippine experience is 
noteworthy for man), reasons. First, the participants 
were conscious of the need to adopt a learning ap-
proach rather than a blueprint approach (see D. Kor-
ten, 1980). Second, many rules affecting finance, 
design, construction, maintenance, and use were 
changed. (Only changes inrules related to finance will 
be examined here, but the reader should keep in mindthat many,other noles were changed at the same time.)
Third, these changes in rules led to well-documented 
Tiprovtemecntes inh e erfs o edocute i

imprvemntsin thesysemsin-he prfonane o 
volved. Fourth, considerable effort was devoted toincreasing other aspects of social capital, including

incrasig oheraspctsofscia caita, icluing
the skills and understanding of irri,.ators and publicofficials. Fifth, opposition to these reforms from 
within NIA, due to the potential loss of jobs and 
pwerhinNA, the oentm clo s e ass aldsope
power, stopped the momentum of change at several 
junctures. 

In the early 1960s, the Philippine government 
contemplated a major irrigation program directed 
toward an effort to achieve self-sufficiency in rice 
production. The Congress legislated the creation of 
the NIA as a semi-autonomous corporation with broad 
powers to undertake irrigation development. When 
first created, NIA re'eived a large subsidy from the 
national government to cover both construction and 
O&M. The understanding, however, was that NIA 

would eventually become self-financing. The first 
step was that NIA should cover its own recurrent 
costs. Yet, as Benjamin U. Bagadion (a key par­
ticipant in the evolution of a new set of irrigation
institutions) explains, NIA was far from being able to 
cover its own recurrent costs, let alone construction 
costs. During fiscal year 1964-65, "irrigation fec col­
lections totalled only 1.27 million pesos ($0.33 mil­
lion in 1964 U.S. currency) while operation and main­
tenance expenses were 3.42 million pesos ($0.88 mil­
lion in 1964 U.S. currency)" (Bagadion, 1988: 7; 
currency conversions added). In 1967, NIA attempted 
to solve the budget deficit for O&M on national sys­
tems by increasing irrigation fees substantially. The 
results were counterproductive. 

Although total collections increased, expenses 
also rose, as efforts were made to improve operation 
and maintenance to justify the higher fees. Conse­
quently, the NIA's net budget deficit remained. 
Moreover, the percentage of collectible fees actually 
paid decreased from 59 percent before the rate in­
crease to 27 percent afterward. With no solution in 
sight, the government continued to provide the sub­
sidy and the NIA's operation and maintenance 
problems were not to receive meaningful attention for 
another half decade (ibid.). 

A similar failure occurred in an early effort to 
create irrigators' associations to manage smallcr ir­rigation systems that the NIA wanted to return to 
farmercontrol. "Paper" associations were created, but 
did little other than fulfill legal requirements. Farmerswere not consulted about proposed changes on their 
w n sted ao roosd c esponstheirsystems and saw no reason to assume responsibility
thereafter. In addition, "farmers knew they could 

there o "keaddition,lobby their member of Congress for additional free 
'pork-barrel' assistance, so they often let their system
fall into disrepair, waiting for the government to dotew r "(bd) 
the work" (ibid.). 

In 1974, the NIA's charter was substantially 
amended to enable it to operate more like the public 
corporation it was intended to be. Prior to this time, 
fees collected by NIA were remitted back to the 
national treasury. The regular budget of the agency 
was included as part of the general appropriations 
procedures. The amended charter allowed NIA to 
keep the irrigation fees it collected, while providing 
for a subsidy to explicitly cover O&M and new con­
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struction costs for both national and communal sys-
tems. 

The new arrangements created a potential 
incentive for NIA personnel to focus on col-
lections--the more funds collected, the more 
the NIA would have available for the opera-
tion and maintenance of its systems.
Paradoxically, the very amendment which 
provided foran explicit subsidy also allowed 
the NIA to begin to gear itself for the eventual 
removal of the subsidy. The understanding 
with the government budgetary authorities 
was that the subsidy for operation and main-
tenance expenses was to be gradually phased 
out over a period of five years. The NIA 
would then be directly dependent upon col-
lections from farmers for all of its operation 
and maintenance expenses (ibid.: 8). 

For national irrigation systems, the previously un-Foredtioly ofirringa ystems, ofhreioun-
enocdplc f eurn abcko osrcin 

costs over 25 years was changed to a policy of recap-
turing over a 50-year period without interest. For 
comm)inal irrigation systems, "the new policies
neutralized the adverse effects of the 'pork-barrel' 
system in which communal irrigation facilities were 
built without any recovery of costs from the farmers, 
a system which had fostered the associations' depend-
ence upon the government" (ibid.: 9). David Korten 
(1988: 1137) indicates that this change meant that 
farmers wme.e "no longer welfare clients accepting
whatever their benefactor chose to offer, but rather 
were customers buying a service with the option of 
withholding agreement and/or payment." 

Although the foundations for giving legal statustoirrigation associations were already in place, actuallyorganizing these associations after years of strong
central control over irrigation was not easy to ac-

complish. It took the creative energies of a large
number of inspired public officials, newly hired ir­
rigation organizers, and devoted academics and solid 
support from the Ford Foundation to organize strong 
user associations which could relate effectively with 
an all-powerful supplier like NIA. 6 Simply changing
the financing rules of the NA-the supply side--
without strengthening the authority and skills of the 
users was not sufficient, nor would efforts to improve
the use side, without changes in the supply side, have 

worked. Changes on botr sides are usually critical to 
the success of any institutional reform. 

A key change related to the budgeting and ap­
propriations procedures was adopted. Under the old 
system, the budgetary year began on January 1,but as 
in many other countries, funds were frequently not 
released until three months into the budgetary year.
No construction could be undertaken during the first 
three months, yet these art the dry months which are 
ideally suited forconstruction (D. Korten, 1988: 129).
In 1979, a new budgetary rule made things even worse 
by requiring unexpended funds to revert to the nation­
al treasury. Construction of irrigation projects fre­
quently came to a screeching halt at the end of Decem­
ber, remained idle during the dry months, was 
damaged by typhoon rains, and had to be rebuilt 
before the projects could be completed during the 
next year. Construction costs were higher than neces­
sary, and commitments to farmers could not be keptwith much assurance. This problem was eventuallysolved by a series of steps to change the way funds wee a sried of sexpene7 
were appropriated and expended. 

During the early 1980s, the subsidy for the NIA's 
recurrent costs was slowly withdrawn. Each provin­
cial office was urged to determine 'heamount of new 
communal construction that would be necessary to 
obtain sufficient revenue to pay for the provincial
operations budget. "The average province required an 
areaof3,OOOto4,0O0hectareswithsatisfledirrigators 
making regular amortization payments" (D. Konen, 
1988: 137; emphasis added). While all income was
 
deposited in one general account, records of costs and
 
revenues were kept by province, allowing officials to 
keep track of net flows.8 These changes in financialrules made NIA staff focus on fiscal solvency as thebottom line. But at the same time, they learned "that 
the way to achieve financial viability was to stay closeto the customers and provide satisfactory service" 
(ibid.).9 

Several lessons can be derived from the Philippine
experience. First, simply raising irrigation fees 
without finding better methods of relating supply to 
use did not work. It was, in fact, counterproductive. 
Second, it took many changes in rules, some of which 
were relatively small and subtle in nature, to have a 
major impact on the actual incentives facing agency
stafc. Third, many of the rule changes impacted on 
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supplier incentives related to design, construction, 
operation, and maintenance of the systems. Fourth, 
improvements in performance came slowly. Fifth, 
internal changes were resisted by agency personnel. 
Sixth, in addition to the work of devoted public ser-
vants, external help in the form of intellectual capital
and financial support was also an important part of lie 
crafting process. Seventh, the process of change 
focused more on communal and small national sys-
tems than on the large-scale national system.10 And 
eighth, the process of crafting effective institutions 
never ends. 

This brief overview of the Philippine experience 
helps us understand why farmers, politicians, and 
irrigation staff oppose substantial changes in the 
budgetary practices that predominate in many 
countries. Farmers can be counted on to vigorously 
oppose proposals to raise fees, as increased fees rarely 
carry believable promises to enhance system perfor-
mance. Politicians lose one source of power when 
irrigation is no longer a part of the "pork-barrel" 
politics of a nation; hence, politicians are unlikely to 
initiate major changes in fee structures unless pushed 
hard by tight budgetary constraints. It is far more 
difficult for irrigation engineers to spend time and 
energy meeting with farmers and worrying about the 
financial solvency of their agency, than to receive a 
guaranteed income no matter what they do. Finally, if 
changes in financing eventually result in the transfer 
of system operation and management to the irrigators, 
O&M personnel are apt to lose their jobs. Bagadion 
(1988:18) reflects that the displacement of NIA field-
level personnel was an important problem in the 
Philippines that "slowed the expansion of the par-
ticipatory program in national systems." Thus, 
proposals for major change in fee structure are likely 
to come only as a result of extreme budgetary 
restraints on external donor insistence, 

Recommendations for Enhancing the 
Performaned fIrigation E n inPerformanceof IrrigationInstitutions 
Citizens, government officials, external donor agen-
cies, and others seeking improved irrigation institu-
tions can gain valuable insight from this experience in 
the Philippines: any attempt to achieve meaningful 
improvements incomplex institutional arrangements 
that currently generate considerable benefits for 
powerful and well-organized individuals will take a 

long time and involve considerable work. Plunkitt of 
Tammany Hall was famous for his insight that 
"reformers were only Morning Glories" (Roirdon, 
1963). Those who try to reform systems that generate 
substantial rents for powerful and well-organized in­
terests must recognize that those rents will be used to 
attempt to stave off efforts to a;id reform. It takes 
considerable will, work, and perseverance to avoid 
blooming early in the process but wilting when the 
opposition gets tough. Simple pronouncements by 
donors or central governments will not accomplish 
major reforms. 

Reforms involving user fees, such as those fre­
quently proposed in the literature, will always 
generate extreme opposition. On the other hand, 
several types of institutional reform based on the 
design principles presented in this study are both 
essential and somewhat less likely to be the source of 
sWrong opposition. The first strategy relates to the 
establishment of authority for user groups of various 
types to create their own corporate entities. This 
authori!y was already in place in the Philippines and 
was one of the building blocks used in that experimen­
talprogram.Thisauthorityissimilartothatofagroup 
of individuals to establish a private corporation to 
achieve legal objectives. Private corporations can cre­
ate their own charters in many countries so long as 
they meet certain overall specifications. If those who 
wish to organize to achieve apublic purpose can rely 
on general authorization to create their charters, the 
seventh design principle can be achieved atlowercost. 
To be a recognized user group, a group might need to 
make its books open to all members, be subject to 
some form of external auditing, and recognize the 
rights of all citizens. Examples of successful user­
group charters might be used in training programs to 
illustrate the types ofrules used in the more successful 
systems. 

toThe second strategy forinstitutional reform relates 
to investments in courts and other forms of conflict­resolution mechanisms. Without a fair, low-cost, 
general purpose court system, it is extremely difficult 
to craft institutions that solve difficult problems. 
While those directly involved may be willing to take 
on substantial responsibility for monitoring and 
o"nctioning activities, some conflicts are likely to 
I. "alate and need resolution by external, impartial, 
and fair officials. 
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Considerable opportunity for reform exists in cur-
rent efforts to improve the performance of small-
scale, farmer-owned irrigation systems. Many of
these systems already have effective farmer organiza-
tions. Many do need better physical capital and 
knowledge about how to improve agricultural yields.
InstitutionalIncentivesandRuralInfrastructureSus-
tainability(E. Ostrom, Schroeder, and Wynne, 1990)
makes some specific recommendations concerning 
strategies that could be adopted in relationship to
small-scale irriuation projects. This advice bears 
repeating here. 

One likely point to intervene in small-scale irriga-
tion projects is when requests are made for external 
assistance. Donors and national governments who are 
interested in enhancing investments in sustainable, 
small-scale irrigation projects should invest inexter-
nal assistance to these groups only when firm evidence 
exists that those who are supposed to benefit from a 
facility: 

I. 	Are aware of the potential benefits the), Aill 

receive. 


2. 	Recognize that these benefits will not fully

materialize unless facilities are maintained, 


facility over time. 

4. 	Have the organizational and financial capabilities 
to keep this commitment. 

5. 	Do not expect to receive resources for rehabilitat-
ing the facility if they fail to maintain it. 

This can be accomplished by investing in in. 
frastructure projects that meet the following condi-
tions: 

.	 The direct beneficiaries are willing to invest someof their own resources up front. 

2. 	The direct beneficiaries are willing to pay back a 
substantial portion of the capital costs (at low in-
terest and over a long time, if necessary) and to 
undertake maintenance. 

3. 	The direct beneficiaries are assured that they can: 

" participate in designing the project, 

* monitor the quality of the work performed, 

• 	examine the accounts that form the basis for 
their financial responsibilities, 

-	 protect established water rights, and 
* 	hold contractors accountable for inferior 

old acon hat co fort sc vre hesr 
worktmanship that is discovered after the sys­
ter is in operation. 

4. 	 The granting agency is assured that: 

* 	 farmers' commitments to repay costs will be 
enforced by appropriate legal section, if neces­sary, and 

an 
farmers have an effective organization with 
demonstrated capabilities to mobilize resour­
ces, allocate benefits and duties, and resolve 
local conllicts. 

5. 	All donors and the host government are firmly
committed to the above principles and will not 
provide funds to bail out those beneficiaries 
who fail to perform their responsibilities.11 

Individuals who are willing to make initial invest­
ments to obtain capital goods demonstrate their ownrecognition offuture benefits. Furthermore, the higher 
the proportion of the capital investmentbeneficiaries are willing to repay, the higher thatthelikelihood that the beneficiaries will attempt to make 
economically feasible investments to enhance 
productivit, rather than seek rents. If the infrastruc­
supposed beneficiaries, they' will have increasedture is really going to increase the well-being of the 
spoe eeiirete ilhv nraeresources to devote to repayment in the future. Fur­

thermore, ifbeneficiariesknowthattheyhavetorepay 
capital costs, they are likely to insist (if they have the 
institutional autonomy to do so) that the project have 
a high probability of producing net benefits in thefuture. Under these conditions, donor or centralgovernment funds support projects that are considered 

to be of real value to the participants. 
This means that direct beneficiaries ortheir repre­

sentatives must be involved in the design and financial 
planning of an infrastructure producing highl, local­
ized benefits, and they must have the right to say "no" 
to a project that they do not think is worthwhile. Iftheycannot say "no," they cannot make a commitment that 
is considered binding because they can always assert 
that they were forced to agree. In addition, to make 
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enforceable commitments, the beneficiaries need to 
be: 

organized in a legally recognized form prior 
to the creation of financial and construction 
arrangements. Beneficiaries can then par-
ticipate in the design and financing of the 
project, as well as in the approval of a con-
tract to eventually assume ownership of the 
facility and responsibility for its maintenance, 

confident that government officials are also 
making enforceable contracts -that 
beneficiaries can hold public officials account-
able as well as being held accountable. 

assured that future conflicts over contract en-
forcement will be resolved fairly and that im-
partial conflict resolution arenas exist if 
needed (E. Ostrom, Schroeder, and Wynne, 
1990: !52-53). 

Efforts to craft new institutions to improve the 
performance of recently constructed, large-scale, 
government-owned irrigation projects will be moredifficult to accomplish than efforts to improve small­
scale projects. Farmers have to learn how to trust other 
farmers and irrigation officials. Substantial changes 
are usually needed in the overall management of the 
system. Irrigation officials are not likely to be very
responsive to farmers' requests to meet schedules 
when the farmers refuse to pay irrigation fees. All of 

the problems that occur on large systems cannot be 
simultaneously solved in a short time. Consequently, 
a considerable investment may be needed in hiring 
well-trained field workers who can work directly with 
farmers and with system engineers. 12 Reform efforts 
will need to take decade-long perspectives rather than 
the more typical time horizon of a budget year or the 
current crop. 
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Chapter5Notes 
1.See Niasse (1990) for an analysis of the perverse incentives involved in the initial design of "irrigated villageperimeters"or PIVs in the Senegal Valley during the 1970s. As long as government subsidies were available for essentialinputs and drought conditions continued predisposing farmers to irrigation, PIVs multiplied at a substantial rate. Sincethe acceptance by the Senegal government of the structural adjustment programs ofdonor agencies, more of the actualcosts of these systems are being borne by the farmers. Given the substantial capital costs involved, more and more landis left idle and agricultural productivity in the region is dropping precipitously. 

2. For strategic reasons, farmers will usually resist any effort to increase user fees. 
3. Thus, a key problem facing policymakers in many countries is how to make the best economic use of projects thatwere poorly designed in the past. If it is impossible to recover costs from the profits made by farmers on agriculturalproducts, there is no economic justification for continuing to operate a project. Many projects that do not currentlyrecover full costs could be governed and managed so as to do so in the future (plus some contribution toward recovery
of capital investment). 

4. The average income of a farmer able to irrigate his land from the previously existing, small-scale systems was 3819
to 3943 pesos (S519.38 to S536.25 in 1979 U.S. currency) per year for an average farm of 1.65 hectares. With an
irrigation fee of 18 cavans of palay rice (then being proposed), the average income for such a farm would drop to 2747
to 2871 pesos (S373.6 to S390.46 in 1979 U.S. currency) per year. With a fee of 12 cavans of palay rice, the average
income would be 3242 to 3366 pesos (S440.91 to S457.77 in 1979 U.S. currency) per year. Alternatively, if the farmerwere able to increase his yields above that which had already been achieved in the area or were to receive a higher price
for rice, economic returns could be higher even with the proposed irrigation fees (see Appendix D, USAID, 1982).
 
5. Reliability of the water supply can be achieved by a combination of physical and institutional means, but it is difficult.Unless sufficient storage is available in the system, the demand for water is limited, and effective physical regulation
of the system is built into the designs, the potential for extremely high levels of conflict between farmers and between
farmers and irrigation agency officials is always present. If a set of institutional rules for allocating water is understood,
accepted as legitimate, implemented, and enforced, conflict over the allocation of water can be reduced and reliabilityachieved. This need for effective allocation rules has been ignored in the design of many major irrigation systems in
 
recent times.
 
6. Further, the individuals involved have written extensively about their experience, which provides a record for others
to examine in order to gain general knowledge from the particular experience. David Korten had already developed a
strong theoretical argument for learning by doing and keeping good proces. documentation of various experiments so
that experiments did form the foundation for cumulative understanding (D. Korien, 1980). The recent book edited by
Frances Korten and Robert Siy (1988) synthesizes the reflections of some of the key actors in this learning r :ocess.
 

7. First, they obtained "a change in the appropriations proccsr so that the appropriation for conmunals was made on alump sum basis rather than on an individual project basis" (ibid.: 130). This gave them more flexibility to shift funds
among projects and a greater capacity to keep commitments made to user groups. Then, NIA began to draw on its
corporation fund. "By 1980 this fund had become substantial and the NIA began to use it to finance communalconstruction work during the initial three months of the year, pending release of the new annual appropriation" (ibid.).Repayments were made once the appropriations had been released. "The problem of returning unexpended funds to thenational treasury at the end of the year was eventually solved by appropriating the communal irrigation funds to the
Ministry of Public Works instead of directly to the NIA" (ibid.). When the Ministry released funds to NIA, they were
legally "expended" and did not have to be returned.
 
8. Provinces that had an excess of revenues over their expenditures received an incentive payment of 10 percent of theirsurplus with considerable discretion as to how to spend these funds, including limited incentive bonuses to staff (ibid.).Financial performance at the provincial level was built into the performance ratings for staff at that level. Irrigation stafflearned that it was "difficult to collect from farmers on projects that had been unsuccessful in increasing production,where the facilities constructed wz:re inoperable or where antagonistic relations with the farmers had developed" (ibid.:
138). 
9. The Indian state of Maharashtra has been able to achieve a relatively good record for collecting irrigation fees fromfarmers as well. A recent study summarized in Easter (1985: 22) found that"fees collected were 66, 62 and 89 percentof the O&M costs in the minor, medium and major irrigation system respectively." The major factors identified as 
important in successful efforts to collect water fees were: 

1.Government sanctions on farmers not paying water charges, when they apply for irrigation water each year. 
2. Fines for nonpayment of water charges by a fixed date. 
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3. Good irrigation service. 

4. Good communication among irrigation officials and farmes (ibid.). 

10. As Bagadion notes: 

While touching all of the provincial and regional offices of the NIA, including all of NIA's communals
work and some of its work on the small and medium sized nationals, improvements in these programs 
are still needed, and change has yet to come to the larger national projects and systems. The processes
used in small and medium national systems need to be applied more widely and creative thinking is needed 
regarding the application of such processes to larger systems (Bagadion, 1988: 18). 

11. In light ofthe imperative that donor agency officers"move money" and the temptations ofrent seeking for government
officials, this is a particularly difficult commitment for donors and host governments to make. It may require the major
donors to work together with the host government on a joint funding strategy. Both donors and host governments may
want to provide fumds in case of major disasters to help rebuild structures destroyed by earthquakes, floods, and
avalanches. This is a form of"insurance" that does not destroy incentives to undertake routine maintenance unless the 
definition of an externally caused disaster is interpreted too broadly. 

12. Uphoff (196) provides an excellent summary of the problems involved in successfully changing the patterns of
interactions on large-scale irrigation systems. The efforts of an Agrarian Research and Training Institute (ARTI)/Cornell
team on the Gal Oya project in Sri Lanka are illustrative of the type of intervention that is likely to be needed. Field
workers who were college graduates but came from farming families were employed as organization "catalysts" that 
could help farmers begin to solve some of the more immediate and small-scale problems without any need for a formal
organization. By building confidence that joint problems could be solved, these fieliworkers helped farmers build trust 
in one another. Ry communicating farmers' needs to irrigation officials and helping to get changes in the way the larger
system operated, further trust was built. Such approaches require substantial investments in personnel who are willing
to undertake this perplexing and difficult work. The potential benefits that can be achieved, however, are substantial. 
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