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■ 
The Ethnology of Local Irrigation 

Jonathan B. Mabry 

Irrigation, crucial for producing more than a third of today's total world 
harvest, has long been of practical and scholarly concern because of its 
proven ability to increase food supplies and its inherent logistical require­
ments for social coordination. Since the nineteenth century, archaeolo­
gists have unearthed evidence that irrigation supported the rise of many 
ancient states, and that, not occasionally, its mismanagement led to their 

collapse. Historians have chronicled how expanded irrigation systems pro­
vided infrastructures for the development of global colonial empires and 
the modern world economy. Engineers have distinguished diverse pre­
industrial water control technologies; geographers have traced the diffu­
sion of those technologies across continents and oceans. Anthropologists 
have documented water management institutions ranging in formality 
from unwritten customs to codified laws, and varying in complexity from 
local irrigator alliances to centralized government bureaucracies. Econo­
mists have calculated irrigation's growing worth to the world's exponen­
tially rising population, and international experts have recommended 

and helped implement numerous irrigation development projects to raise 
yields, incomes, and employment rates in developing countries. Politicians 
have, with increasing frequency, negotiated treaties to divide dwindling 
water resources among thirsty nations and peoples. Despite this enduring 
interdisciplinary interest, our knowledge about the social organization of 
irrigation is rather one-sided. Because of a common bias toward large, 
centrally controlled irrigation systems, the smaller, locally managed sys­
tems most familiar to anthropologists are less appreciated. 

The Adaptability of Local Irrigation Systems 

Archaeologists have long been impressed by the cases in antiquity when 
extensive and elaborate waterworks supported dense populations and ad­
vanced civilizations, and historians have focused on irrigation-based des-
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Table 1.1 Numbers and sizes of small-scale, locally managed irrigation 
systems, 1980s, by country. 

Number Area (ha) % of total 
Country of systems (x ooo) area irrigated 

China 6,000,000+ 

India 400,000 8,400 20 

Western United States 6,000+ 6,200 34 

Iran 28,000 5,300 95 

Afghanistan 2,600 98 

Bangladesh 2,300 95 

Indonesia 5,000 2,200 40 

Mexico 14,000 1,500 30 

Nigeria 1,000 97 

Philippines 5) 500 850 53 

Morocco 830 64 

Japan 50,000 710 24 

Sri Lanka 20,000 500 90 

Nepal 400 44 

South Korea 15,000 400 30 

Yemen 280 92 

Peru 3,000 250 16 

Somalia 114 100 

Lebanon 86 90 

Sources: See text; additional sources: Baasiri and Ryan 1986; Barrow 1987; Groenfeldt 1989; Manda! 
1987; Svendsen and Meinzen-Dick 1990; World Resources Institute 1994. 

potic regimes ever since the 1930s when Karl A. Wittfogel (1957) asserted 
correlations between irrigation scale and political hierarchy. Development 
planners have typically assumed that centralized management is more effi­
cient, and hydraulic engineers have tended to think that bigger is better. 
From the broader and longer perspectives of ethnology and archaeology, 
however, it is clear that large, centralized irrigation systems are relatively 
rare, short-lived, and limited to a narrow range of settings. Archaeologi­
cal traces, historical documents, and ethnographic cases all indicate that 
the most common and enduring irrigation systems lie at the opposite end 
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of the scale: They are small, locally built, farmer managed, and adapted 
to a wide variety of environments (table 1.1). 

Some 28,000 qanat systems, the oldest built three thousand years 
ago, still tap groundwater to support oasis villages and irrigate more than 
five million hectares on the Iranian Plateau (Bonine, chapter 9). About 
90 percent of the total irrigated area on the island of Sri Lanka is sup­
plied by 20,000 village tanks, some more than two thousand years old 
(Medegama 1987; Stanbury, chapter 10 ). On the Indonesian island of Bali, 
careful flooding of terraced rice paddies by subaks- local irrigation com­
munities -has been coordinated by networks of water temples for a mil­
lennium (Geertz 1980; Lansing 1987, chapter 7). Small canal systems up to 
four hundred years old irrigate about 400,000 hectares in the Himalayan 
foothills of Nepal (Upadhyay 1987). An estimated quarter of a million 
hectares of slopes terraced in pre-Hispanic times are still irrigated in the 
Andean highlands of Peru (Masson 1987; Gelles, chapter 5). 

In the highlands of southern Arabia, carefully maintained terraces 
and diversions of pre-Islamic age still support over half of the popu­
lation of the Arabian peninsula (Daverdisse 1980). Fifty thousand local 
irrigation systems, some in continuous operation since the early seven­
teenth century, represent almost a quarter of Japan's total irrigated area 
(Takeuchi 1980). In the Philippines, more than 5,500 zanjeras, indigenous 
local irrigation organizations first described by early seventeenth-century 
Spanish missionaries, currently irrigate about 850,000 hectares - almost 
two-thirds of the country's total irrigated area (World Bank 1982). Euro­
pean irrigation communities established more than five centuries ago still 
thrive on the Mediterranean coast of Spain (Glick 1970; Maass and Ander­
son 1978), and in the Swiss Alps (Netting 1974b, 1981). In the southwest­
ern United States, the eastern Pueblo Indians manage thousand-year-old 
irrigation systems (Dozier 1970) alongside Hispanic irrigation commu­
nities established in the sixteenth century. About a thousand traditional 
Mexican-American water-user associations dating to the colonial period 
are extant in New Mexico alone (Crawford 1988). 

In modern times, small-scale, community-based irrigation systems 
have demonstrated remarkable resilience in the face of significant shifts 
in the political economies they operate within, and in the context of rapid 
technological changes (Coward 1980 :25). Institutions for local water man­
agement have survived not only outside the relatively restricted zones 
of large-scale irrigation projects in the developing world, but have also 
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emerged independently in industrial countrysides. Today, it is estimated 
that 85 percent of the world's irrigated cropland still relies on small­
scale, hand-built, gravity-flow canal systems, managed by local groups 
of farmers, organized into either independent irrigation communities or 
water-user associations at the base of larger systems (World Bank 1992). 
These surface systems, and also those locally managed systems based 
on tapping groundwater, diverting runoff, or retaining floodwaters, are 
known to range in size from less than 1 hectare to more than 4,000 hect­
ares, but probably average less than 40 hectares (100 acres). In many coun­
tries they number in the thousands, and supply most or all of the irrigated 
cropland (table 1.1). 

Small-scale systems operated by local irrigators are still used to grow 
most of the crops in Asia. In China, more than six million small tanks and 
reservoirs are village managed (Yu and Buckwell 1991). More than 15,000 
systems fed by small reservoirs that average less than 50 hectares each 
are operated by local groups of farmers in Korea (Oh 1978). In the four 
southern states of India-Andhra Pradesh, Karnataka, Kerala, and Tamil 
Nadu-more than 125,000 community tanks supply 30 percent of the irri­
gated area (Sakthivadivel and Shanmugham 1987). Such systems play a 
similarly important role in the Middle East, Africa, and Latin America. In 
Morocco about two-thirds of the total irrigated area are watered by locally 
managed systems supplied by perennial flows and seasonal floods. The 
systems range in size from 50 to 3000 hectares and irrigate 830,000 hect­
ares (Abdellaoui 1987; Welch, chapter 4). In Nigeria, about one million 
hectares are cultivated under some kind of traditional irrigation or flood­
adapted cropping (Adams 1986). In valley wetlands in Zimbabwe, some 
20,000 hectares of small garden plots called bane, which typically are less 
than a hectare each, are irrigated by hand-dug wells (Bell and Hotchkiss 
1991). In the early 1980s there were almost 14,000 farmer-managed unida­
des de riego in Mexico, which ranged in size from 20 to 1,400 hectares and 
irrigated more than 1.5 million hectares (Hunt 1990; Sheridan, chapter 2). 
The significance of local systems is not restricted to the developing world, 
either. In 1978 there were 6,201 farmer-managed irrigation organizations 
in the seventeen western U.S. states, irrigating a total of 15.3 million acres 
(6.2 million ha), or more than a third of the total irrigated area (U.S. De­
partment of Commerce 1979). 

The widespread and sustained success of local irrigation systems raises 
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broad questions about their origins, designs, functions, and responses: 
Under what kinds of economic and social conditions do they tend to de­
velop? Are they sustained by a similar set of operational rules and rule­
making mechanisms? Where is the locus of authority in decision making? 
What social institutions for resource management do they have in com­
mon? What are the typical effects of government intervention? Are there 
identifiable incentives for local participation in the development and man­
agement of new irrigation systems? Answers cannot be found through 
in-depth analysis of a single ethnographic case, but rather through cross­
cultural comparisons-the ethnological approach to irrigation first em­
ployed by the French human geographer Jean Brunhes (1902, 1908). 

Formation of Local Irrigation Organizations 

The well-known and influential theory that all freely accessible resources 
will inevitably be overexploited, the "tragedy of the commons," holds that 
rational self-interest will always motivate individuals to take as much as 
possible, before others do the same, and that the only potential solutions 
are privatization or government regulation (Hardin 1968). But a wider, 
cross-cultural perspective reveals that competition for a limited and vital 
resource, such as water in dry lands or dry seasons, often results in "a 
social agreement that some resources are common property" (McCay and 
Acheson 1987:18). In these cases, the benefits and costs of use of common­
pool resources are spread relatively equitably within a clearly bounded 
community of users. Based on comparative studies, a number of political 
scientists and anthropologists have concluded that local irrigator asso­
ciations form for the same economic motivations as informal alliances 
among herders, timber cutters, and fishermen, and operate according to 
the same principles of common-property resource management (Coward 
1979; Hunt 1986; Mahdi 1986; Cruz 1989; Ostrom 1990). 

Local irrigator associations are not created by governments. They are 
grassroots organizations developed by local groups of farmers confronted 
with limited and variable water supplies, the problem of how to allocate 
them equitably and efficiently, and the decision of whether to invest labor 
and capital in infrastructures for water control. Through collective-choice 
processes the groups agree on rules that assign rights and responsibilities 
among the members, means of enforcing the rules, and mechanisms for 
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resolving internal disputes. These are the basic structural arrangements 
that enable participants to commit to long-term, cooperative relations of 
production with each other (Tang 1992; Ostrom 1993). 

Certain preconditions may foster the formation of local irrigation 
organizations, including relative evenness in economic status, significant 
environmental risk, and conflict-causing social competition. In a com­
parative study of ten different reservoir systems in India, it was found 
that local irrigation organizations are more likely to develop where there 
is low-to-moderate variance in the sizes of landholdings and incomes 
(Easter and Palanisami 1986). Environmental risks that can be at least 
partly mitigated by corporate institutional arrangements also encourage 
formation of local irrigation organizations. On the basis of his study of 
village irrigation systems in southern India, Robert Wade argues that col­
lective water management is a social response to risky and unpredictable 
environments, conflicts over scarce resources, and potential crop losses: 
"Where risks associated with irrigation and common grazing are high, 
cultivators will straightforwardly come together to follow corporate ar­
rangements designed to reduce those risks (Wade 1988:188). 

Types of Local Irrigation Organizations 

Local irrigation organizations can manage more than one kind of water 
control technology, and may form next to each other around canals, 
waterwheels, tanks, and tubewells in the same country or region. For ex­
ample, in the Faiyum depression in Egypt, each secondary canal has a 
formally organized user group (mesqa) with an appointed water master 
(ra'is) who administers the rotational delivery of water shares in propor­
tion to the sizes of land holdings, organizes maintenance, and settles dis­
putes (Mehanna, Huntington, and Antonius 1984). In the Nile Delta and 
in other regions of Egypt where canal water flows below the level of the 
fields, irrigators are organized around the animal-powered waterwheels 
(saqias) that lift water to distribution canals. Ownership of each water 
wheel is divided into twenty-four equal shares (qirat) that correspond to 
turns in a time rotation. The largest landholder usually administers the 
operation and maintenance of the saqia and also arbitrates conflicts. 

In addition, water management can be provided by more than one 
kind of local irrigation organization, from informal alliances of irri­
gators, to chartered water-user associations, to incorporated private enter-
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prises. "Irrigation communities" and "water-user associations" can be 
distinguished-the former being autonomous, self-contained organiza­
tions that are supported by consensual, mutually beneficial institutional 
arrangements, while the latter are units within larger bureaucratic envi­
ronments that require communication and coordination across organiza­
tional levels (Hunt 1989). A 1978 census identified several types of local 
irrigation organizations in the United States controlled and financed by 
user-operators, including "unincorporated mutuals," more formal "incor­
porated mutuals," and user-managed Bureau of Reclamation water proj­
ects (U.S. Department of Commerce 1979). Together, these represent 84 

percent of all irrigation organizations in the United States. The remainder 
is comprised of systems constructed and operated by the Bureau of Recla­
mation, the Bureau of Indian Affairs, state and local governments, public 
corporations called "irrigation districts," and commercial enterprises. 

Irrigation Scale and the Locus of Decision Making 

Since Wittfogel introduced his model, anthropologists have debated about 
the relationship between the scale of irrigation systems and the complexity 
of managerial structures. Although most agree that hierarchical manage­
ment institutions tend to correlate with large systems, they argue whether 
the relative centralization of decision making is more directly related to 
the size of the population supported by an irrigation system or to the size 
of its command area. Comparative data point to general correlations be­
tween management structure and these aspects of system size, but other 
studies raise the possibility that a more critical aspect of size is the num­
ber of irrigators that must coordinate their actions. 

In a comparison of seventeen historic and contemporary case studies 
of irrigation systems, Kappel (1974) identified 5000 as the approximate 
upper limit of the number of people that can be supported by systems 
managed by local assemblies or councils; in this sample, central officials 
are necessary to effectively manage systems that support larger numbers 
of people. Among fifty cases (representing more than 100 irrigation sys­
tems), Uphoff (1986) found that those with command areas of 100 acres 
(40 hectares) or less tend to be managed by the entire group of irrigators, 
usually meeting in regular assemblies, while systems between 100 and 1000 

acres (40 and 400 hectares) are usually administered by a central official, 
either elected by the irrigators or appointed by the state. Systems between 
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about 1000 and 10,000 acres (400 and 4000 hectares) often have three 
levels of management institutions. Hunt (1988) compared fifteen irriga­
tion systems in industrialized and developing countries, ranging between 
700 and 30,000 hectares in size, and found no absolute relationship be­
tween system size and the structure of authority. But he predicted that 
any system larger than about 100 hectares has a "very high probability" 
of being managed by a "unified administrative authority structure" (Hunt 
1988:347). This scale, 100 hectares (or 250 acres), is about the same upper 
limit for community-managed systems in forty-seven cases compared by 
Tang (1992), and may represent a cross-cultural threshold between demo­
cratic and bureaucratic management capacities. 

These apparent correlations between scale and centralization may not 
be as straightforward as they seem, however. It may be that, because of 
the necessity to collect and process information from all parts of the sys­
tem for efficient administration, it is the number of irrigators, rather than 
the total number of people supported or the scale of the total command 
area, that creates "scalar stress" in irrigation management. Psychological 
and sociological studies, supported by ethnological and archaeological 
data, suggest that, because of natural constraints on human information 
processing capabilities, difficulty in achieving consensus increases expo­
nentially as organization size increases steadily (see Johnson 1982, and ref­
erences therein). These studies show that consensus-based, task-oriented 
organizations have an average of six members (individuals or households), 
and an upper limit of about fifteen, above which management structures 
tend to either fission into multiple, smaller, independent units, or develop 
into hierarchical .decision-making structures. 

Alternatively, these may be "nonconsensual hierarchies," as Wittfogel 
predicts, or "consensual-sequential hierarchies," in which basal organi­
zational units are integrated into larger units that can be managed by 
fewer decision makers, but in which lower order units can be only mini­
mally coerced because they retain the option of fissioning from the system 
altogether-and occasionally do (Johnson 1982). The hierarchical system 
of common property in African flood recession agriculture, as described 
by Park (1992), may be an example of a third type that falls between the 
former and the latter: a "nonconsensual-sequential hierarchy" of kinship­
based property rights that orders resource access through non-egalitarian, 
segmentary, and temporary political structures. In adaptation to high 
variability in seasonal flooding, these structures easily disintegrate dur-
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ing low flood years, with elite tribal segments retaining primary rights to 
smaller flooded areas, and segments with lower status shifting to mobile 
pastoralism. 

The important conclusion based on ethnology is that, in addition to 
Wittfogel's model, there are a number of local organizational solutions 
to scalar stress in irrigation management, which may or may not include 
social inequality and political complexity. These alternate solutions are 
adapted to different environments and historical contexts and are derived 
from varied cultural traditions of resource ownership and use. Scarcity, 
it also turns out, may be just as important as scale in determining the 
locus of authority in irrigation management. On the basis of cross-cultural 
comparisons, Netting (1974a) suggests that, when it threatens widespread 
conflict that will seriously reduce the efficiency and utility of an irriga­
tion system, water scarcity is also a stimulus for centralization of decision 
making. Lees (1974) reconstructs such a shift toward centralized control 
of water resources in the Valley of Oaxaca since the 1911 Mexican Revolu­
tion as a response to a receding water table. 

Levels of Irrigation Management 

Although small-scale irrigation systems with independent water sources 
and only a few irrigators can be managed by the irrigators themselves, 
many irrigators sharing common sources to irrigate larger areas must de­
velop hierarchical decision-making institutions to manage more complex, 
integrated systems. In such structures the nature of tasks varies between 
levels, higher levels tend to operate more formally, and farmer participa­
tion in decision making occurs only at lower levels (Uphoff 1986). Multi­
level irrigation systems can be divided into two types: state-managed 
systems administered directly by a government bureaucracy, and jointly 
managed systems administered by local associations in concert with gov­
ernment agencies (Coward 1980). In the latter, each level of organization, 
such as farmer associations, command area managers, and central project 
administrators, has unique roles, responsibilities, constituencies, and goals 
(Lusk 1991). 

Within most jointly managed systems, water distribution is controlled 
by a bureaucracy of the state, but only until it reaches the level of local 
water-user associations. In southern Iraq during the early twentieth cen­
tury, the distribution of water to the main canals, and their maintenance, 



12 Mabry 

was the responsibility of British colonial administrators and national 
bureaucrats, while the secondary canals were managed by local lineage 
groups organized into water-user associations (Fernea 1970). Local water­
user associations also articulate with a national irrigation authority in 
Egypt, where the Ministry of Irrigation delivers water to each main canal 
in a rotation of turns, at which point it becomes the common property 
of all the farmers with plots accessible to the canal (Hunt 1986). In both 
these cases, local irrigation organizations exist at the base of a hierarchy 
of water management institutions. 

Institutional Designs of Local Irrigation Organizations 

Political scientists are particularly interested in the collective-action insti­
tutions of a self-governing irrigation system - the set of rules commonly 
known and used by participants to order repetitive, interdependent eco­
nomic relationships with each other. These they consider to be a form 
of social capital that increases productive potential (Ostrom 1992). Some 
political scientists seek to categorize variability in the kinds of institutions 
that develop in these systems. Tang (1992), for example, suggests that these 
can be analytically divided into operational rules, such as rules concern­
ing boundaries, allocation, inputs, and penalties, and collective-choice ar­
rangements, such as mechanisms for monitoring compliance, adjudicating 
conflicts, enforcing decisions, and formulating and modifying operational 
rules. These two types of institutions are functionally related. Operational 
rules are constantly altered through collective-choice mechanisms to ad­
just to environmental variability, evolving farmer knowledge, and eco­
nomic change. 

Other political scientists are searching for the underlying logic of these 
local water management institutions. Through comparisons of commu­
nity irrigation systems in Spain, the Philippines, Nepal, and other regions, 
Ostrom (1992) has identified a common set of design principles for man­
agement institutions in sustainable, self-governing irrigation systems: in 
order to maximize the efficiency and equitability of resource allocation, 
the boundaries of the service area must be clearly defined, and the group 
of individuals or households with water rights must be a closed set. Rules 
specifying the amount of water available to an irrigator must be congruent 
to the rules defining the required input levels oflabor, materials, and capi­
tal in system operation and maintenance. Although membership in the 
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user group is exclusive, the governing group that can modify the opera­
tional rules must be relatively inclusive, involving at least a majority of 
users. The operation and physical condition of an irrigation system should 
be mutually monitored by the irrigators themselves, or by an elected or 
appointed official who is directly accountable to them. Users who violate 
operational rules should be sanctioned by the other users, or by an official 
or council accountable to the users, in proportion to the seriousness and 
context of the offense. Users and their officials should have access to local 
mechanisms for rapid, affordable resolution of conflicts between users. 
The right of irrigators to devise their own water management institutions 
cannot be challenged by external government authorities. And finally, in 
larger systems, water management activities are organized into multiple, 
hierarchical levels nested within each other. Perhaps the most important 
of these design principles of successful irrigator associations (as for other 
local economic cooperatives) is boundary definition and maintenance, be­
cause without limitation of resource access to a bounded group there is 
open access, resulting in Hardin's "tragedy." 

The solidarity and success of local irrigation communities and water­
user associations is correlated with their ability to limit growth such that 
membership provides a secure share of water resources and protects them 
from "free-riding" outsiders. Membership can be based on proximity to 
other landholdings, on coresidence, or on structural position within a 
social hierarchy or physical delivery system. Principles of use rights based 
on multiple and overlapping social, ethnic, and religious criteria, as is 
the case for Muslim villagers, Mormon settlers, and Zionist kibbutzniks, 
clearly mark the limits of the irrigation community with intersecting cri­
teria. Other typical criteria for defining membership are (1) ownership or 
leasing of land within the service area; (2) ownership or leasing of shares 
in water resources that are sometimes transferable independently of land 
holdings; (3) membership in a residential community or social organiza­
tion; and (4) payment of taxes or fees for water use and delivery system 
maintenance (Tang 1992). 

The term "irrigation community" describes the alliance of resource 
users - not a co residence group. Because physical irrigation systems often 
crosscut several village territories, irrigation communities may be com­
prised of field neighbors from a number of different settlements (Coward 
1979). A Balinese irrigator is a member of a particular village, for ex­
ample, but he is also a member of a structurally separate subak, or even 
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several, based on the location of his fields (Geertz 1980). In Ilocos Norte, 
Philippines, upstream zanjeras include residents of several villages, while 
downstream farmers may belong to more than one irrigation community 
to ensure that at least some plots receive water during dry years (Siy 1982). 
In other cases, due to logistics, membership in local cooperatives may 
be based on coresidence rather than kinship or proximity of properties. 
For instance, in central Luzon, the Philippines, residential neighbors often 
own scattered holdings in different areas. These neighbors form coopera­
tive work groups (kabesilyas) that work the holdings at different times, 
thus balancing peaks in labor demand with the available work force (Fran­
cia 1988). In this way, peaks in labor demand are not out of balance with 
the available workforce. 

In other local irrigation systems, rights to common-property water 
resources are associated with larger, external units of social hierarchies, 
such as segmentary tribal structures. The Erguita Berber tribe in the west­
ern highlands of Morocco considers water a collective good, and its man­
agement both links and opposes the various social segments that compose 
the tribe (Mahdi 1986). Water is owned collectively by different tribal frac­
tions occupying groups of villages, though some villages are composed of 
more than one fraction living in separate sections of the same settlement. 
Within each village (douar), water rights are divided among all of the lin­
eages (ikhs) represented, which in turn distribute use rights among their 
individual households (takatines). Measured either in units of time or vol­
ume, water rights may not be sold or otherwise alienated from the lineage 
to which they ultimately belong, and into which households coalesce dur­
ing conflicts with other lineages. 

Management Tasks of Local Irrigation Organizations 

Although political scientists and cultural ecologists have identified some 
of the underlying motivations for and principles of collective action and 
cooperative resource management, social scientists studying the relation -
ships between irrigation and rural social organization have recognized 
between five and twelve basic activities, or tasks, necessary for successful 
local irrigation management (table 1.2). Uphoff (1986) categorizes these in 
terms of activities related to water use (acquisition, allocation, distribu­
tion, drainage), water control structures (design, construction, operation, 
maintenance), and organization (decision making, resource mobilization, 
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Table 1.2 Basic tasks of local water management, based on ethnological 
comparisons. 

Freeman and 
Hunt and Lowdermilk 
Hunt 1976 Coward 1979 Kelly 1983 1985 Uphoff 1986 

Acquisition Acquisition Aquisition Acquisition 

Allocation Allocation Allocation Allocation Allocation 

Delivery Distribution 

Drainage Drainage Drainage 

Design 

Construction Construction Construction Construction 

Operation Operation 

Maintenance Maintenance Maintenance Maintenance Maintenance 

Decision- Decision-

making making 

Resource Resource Resource 
mobilization mobilization mobilization 

Communication 

Conflict Conflict Conflict Conflict Conflict 
resolution resolution resolution resolution management 

Source: Uphoff 1986 

communication, conflict management), and he relates these categories to 
the fundamental factors of production considered by economists: land 
(or resources), capital (infrastructure investments), and labor (division of 
management effort). The following discussion refers to ethnographies of 
irrigation communities to discuss some cross-cultural patterns in resource 
allocation principles and conflict resolution mechanisms - perhaps the most 
important tasks faced by locally organized irrigators everywhere. 

Allocation 

In many cultures, long-fallow agricultural lands, pasturage, woodlands, 
fishing areas, and other diffuse, extensive, and marginally productive re­
sources are communally held, but factors such as increased competi­
tion for resources under population pressure or investments of capital 
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and labor that increase productivity (irrigation, terracing, or planting of 
orchards, for example), usually lead to individual property rights and in­
heritance rules (Netting 1982). For these same reasons, in almost every 
locally managed irrigation system the water resource itself, the physical 
means to capture and distribute it, and the labor necessary to construct 
and maintain the water control infrastructure are held in common by an 
association of users, but the water is used to irrigate private, transferable, 
and heritable plots, the produce of which belongs to individuals or house­
holds. The appropriations from common property are invariably private 
(Netting 1993a, 1993b). 

This pattern is illustrated in the eastern Jordan Valley, where the inter­
nationally funded, large-scale East Ghor Canal Project has bypassed a few 
old villages because of the uneven topography. Here, between areas irri­
gated by the modern canal, Arab communities continue to operate small­
scale canal systems according to a mixture of private and collective prop­
erty rights that date to medieval times (Mabry 1991). Water resources are 
ultimately owned by the communities, and allocation is administered by 
councils of elders called "the faces of the tribes" (el-wozhuh el-qabila), 
representing each patrilineal clan (~amula) in the community. The en­
tire flows of perennial springs and streams are distributed in rotation for 
set units of time called "seasons" (fusul), according to inherited shares 
owned by each clan. Water rights may be sold with or without land, but 
they may not be sold outside of the clan. Because of the higher invest­
ments and inputs into irrigated land, mostly planted in vegetables for local 
markets, rights in this land have shifted in large part to the individual 
household, reducing the degree of common property control by each clan. 
Before British colonial administrators privatized communal landholdings 
(masha'a lands) during the 1930s, it was the lower value rainfed lands sur­
rounding the irrigated zone that were traditionally held in common, with 
use rights rotated among the clans from year to year to ensure an even 
distribution of good, bad, and average yields of cereal crops for domestic 
consumption (Atran 1986). This example also demonstrates that the di­
chotomy of common property and private property is seldom simple. Tra­
ditional tenure systems are usually complex mixtures of rights that serve 
to redistribute resources within a community. 

As in some other systems of common property resource management, 
local irrigator associations may allocate irrigated fields in such a way as 
to reduce risks and level disparities within the group. In zanjera irrigation 
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communities in the Ilocos Norte region of the Philippines, land is divided 
into several large sections, and every farmer has a plot in each. With this 
system, each member has access to the best plots near the head of the irri­
gation system, while during dry years, shortfalls are shared equitably by 
not irrigating lands near the tail of the system (Siy 1982). The villagers of 
Pul Eliya in Sri Lanka also divide their land into sections, with each irri­
gator maintaining a portion of his holdings in each zone, thus avoiding 
the risks and conflicts of a system where some irrigators' entire holdings 
are at the head of the system where there is the most available water, and 
others' are all at the tail end where water availability is tenuous (Leach 
1961). Due to varying concepts of resource ownership and proper use, 
however, equitable distribution of risks and benefits is not a universal goal 
of water allocation in indigenous systems. 

Water scarcity often clarifies the principles of customary and formal­
ized systems of water allocation. Under Yemenite systems, one of two com­
mon principles of allocation in the Islamic world, water is a commodity 
potentially separate from land, and shortages are absorbed by users with 
secondary rights; in Syrian systems, water rights are assigned on the basis 
of types of land ownership, and average and reduced flows are divided 
proportionally among all users (Glick 1970). Among Berber tribes in east­
ern Morocco using a sequential, Syrian type of allocation, water sources 
are considered collective property and use rights are attached to specific 
parcels of land (Welch, chapter 4). During shortages, the reduced vol­
ume of streamflow is distributed in proportion to the relative sizes of land 
holdings. By contrast, under a Yemenite type of system in this same re­
gion, water rights are measured in time units, are owned separately from 
land, and there is increased competitive speculation in water rights dur­
ing shortages. 

More formal sets of laws defining principles of water ownership and 
use have been developed within the five major legal traditions of world his­
tory- Roman, Islamic, English, Chinese, and Hindu (Radosevich 1987), 

and specific historical and environmental circumstances have often led 
to complex cultural overlays of legal principles in the same regions. In 
southern Arabia, pre-Islamic customs are blended with Islamic laws in 
the management of flood irrigation systems (Maktari 1971) and filtration 
galleries (aflaj) that tap groundwater sources (Wilkinson 1977). In Spain, 
water laws developed as a mixture of late medieval Iberian laws and earlier 
Roman and Islamic legal traditions (Glick 1970). The use of the "riparian-
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rights principle" of water ownership in the humid eastern United States 
derived from English common law during the colonial period, but the 
principle of "prior appropriation," which grants primary rights to those 
who first use the water, developed in the arid West during the competitive 
mining boom of the mid- to late nineteenth century (Norvelle 1988). Ben­
nett (1974) notes that the riparian-rights principle resembles the Yemen­
ite system, while the doctrine of prior appropriation is equivalent to the 
Syrian system. These two principles of water allocation, although not the 
only ones, appear to represent common alternatives. 

Conflict Resolution 

Social cooperation is required to manage the hydraulic commons, but 
capital and labor investments in waterworks, irrigation, and intensive crop 
production create a sharply bounded zone of higher land value, resulting 
in increased competition and potential conflict over water rights. In comu­
nes de agua in Sonora, Mexico, the contrast between the equity of com­
munal regulation of surface water resources and the inequity of unlimited 
individual use of groundwater ( a dichotomy derived from distinctions in 
traditional Hispanic water law) is a significant source of conflict in the 
community, and an example of the common tension between cooperation 
and competition in local water management (Sheridan, chapter 2). Dif­
ferential access to higher value fields in dhasheeg flood basins in the Jubba 
Valley of Somalia is both a source of conflict and a means of maintaining 
the traditional stratification of power (Besteman, chapter 3). 

To resolve such conflicts, an elected judge, a council of representatives, 
or some other institutionalized mechanism is necessary. Water judges 
(cequieres) are appointed in the huertas of Valencia, Spain, to monitor the 
distribution of water, patrol for water theft, arbitrate disputes, and levy 
fines for infractions of the rules (Glick 1970). Serious conflicts are referred 
to a special water court ( tribunal de las aguas). In other parts of the world, 
water conflicts between irrigator groups are handled by state judicial sys­
tems. Archives show that conflicting water claims between Indian villages, 
Catholic missions, and military garrisons in "New Spain" were ultimately 
settled in the crown-administered colonial courts (Meyer 1984). 

It is in the interest of irrigators to settle conflicts among themselves, 
as arbitration by outsiders represents a loss in local autonomy. But when 
local interests become too factionalized, only outside mediators can solve 
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the structural impasse. A water dispute that began in 1918 between two 
political alignments within the same clan of the Nahid tribe of southern 
Arabia could not be internally resolved because neither faction's chieftain 
could serve as an objective arbitrator, their customary role in disputes 
between clans and with members of other tribes. This paralysis was not 
resolved until 1936, when an agreement was forged by a British colonial 
administrator (Hartley 1961, as cited in Millon 1962). 

Water theft is a constant source of tension among wet rice farmers in 
Taiwan, forcing them to form larger, intercommunity irrigation associa­
tions with the authority to monitor water turns (VanderMeer 1971). Dis­
pute resolution among Berber irrigation communities in central Morocco 
may be best understood in terms of a "hierarchy of responses" to stress 
that encourages resolution at lower levels (Welch, chapter 4). Local water 
judges (jar{) serve each association of water users along a secondary 
canal, but decisions may be appealed first to the lineage council, then to 
the tribal council, then finally to government authorities. Each step up­
ward in the hierarchy of options, however, represents a decrease in local 
autonomy and an increase in social cost. 

Effects of State Intervention in Local Irrigation 

Because of their capacity to survive outside of state structures and market 
economies, rural irrigation communities can endure almost any political 
collapse and economic crash caused by unpopular policies or inept man­
agement by urban-based regimes. For their own political ends, central 
governments often seek to undermine the autonomy of irrigation com­
munities by appropriating control over water resources, forcibly integrat­
ing them into larger irrigation systems, and increasing their dependence 
on the state through construction of new waterworks that are beyond 
the management capabilities and capital resources of rural groups (Lees 
1974; Enge and Whiteford 1989). The conflict between the modernizing 
state and traditional irrigation communities can be seen in the highlands 
of Peru in terms of the state's "rationalized model" and the community's 
"ritualized model" of water management, and between the simultaneous 
tendencies for bureaucratic intervention and peasant resistance (Gelles, 
chapter 5). 

The result of such state intervention is a recipe for instability: inte­
gration into larger, centralized systems decreases capacities to respond 
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quickly and appropriately to local problems and increases the effect of 
distant disturbances on local subsystems. History is familiar with this tra­
jectory. In Mesopotamia and other regions during ancient times, large­
scale irrigation systems tended to collapse because they relied on cen­
tralized decision making insulated from local pressures, they undermined 
their long-term resource base through production maximizing, and they 
displaced local resource management institutions that could better adapt 
to changing conditions (Adams 1978). Recent history has also shown 
that, although locally organized water-user associations and other grass­
roots agricultural cooperatives often succeed, those that are imposed from 
above rarely do (Bennett 1983; Hyden 1988). Irrigator associations orga­
nized from the top down in Tunisia, for example, have collapsed or per­
formed poorly because they are socially and economically isolated from 
traditional rural organizations, and because their members have no per­
manent rights to land and water (Hopkins 1988). Similar effects have 
been documented for federally sponsored irrigator associations on Native 
American lands in the southwestern United States (Bentley 1987). 

Hunt (1990) argues that the main reason government-created water­
user associations fail is a lack of sovereignty over resources and an absence 
oflocal recognition of use rights: "In these cases the state is trying to create 
these corporate groups. The danger with such attempts is that only exter­
nal jurality is being created. ( ... where the group has jural standing with 
entities outside the group). In many cases this external jurality vanishes as 
soon as the state's representatives vanish .... My argument is that farmers 
are unlikely to participate in maintenance activities without clear bene­
fits, which I believe are principally found in control over the acquisition 
and allocation of the water, both of which are a function of the internal 
jurality of the corporate group managing the commons (Hunt 1990 :148)." 

Incentives for Local Participation in Development 

Comparing government administered and farmer managed irrigation sys­
tems in Mexico, Hunt (1990) concluded that the degree of control over 
resources, not size, is the key difference in determining the level of 
farmer participation in large-scale irrigation management and develop­
ment. Other research suggests that the level of participation is also related 
to farmers' goals of minimizing risk, securing a role in decision making 
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that affects them, and influencing the direction of development to best fit 
their needs (Parlin and Lusk 1991). In a study of nearly 500 farmers in the 
125,000-hectare Gal Oya irrigation scheme in Sri Lanka, researchers found 
that farmers are more willing to participate in management where water 
is relatively scarce, rather than where it is absolutely scarce or abundant 
(Uphoff, Wickramasinghe, and Wijayaratna 1990). Farmers in the middle 
of the system were more likely to form user committees than to delegate 
authority to a traditional irrigation headman ( vidane) or to a government 
officer because there was more variance in the water supply and more per­
ceived conflicts in the middle than in the head or tail ends of the system. 
Thus they had more to gain from participation in management activi­
ties that stabilized their shares of the supply, minimized conflict, and gave 
them a voice in decision making that can directly benefit them. In a study 
of irrigation systems in the hills of Nepal, it was also found that when 
farmers banded together to acquire water supplies, they were more likely 
to participate in allocation, operation, maintenance, decision making, and 
conflict resolution (Martin and Yoder 1987). 

Local irrigation communities in the Ziz Valley of southern Morocco 
also play a large role in development of small- and medium-scale water­
works. Participation insures that projects are tailored to local needs, 
and guarantees the rights of farmers to control their operation (Mabry, 
Ilahiane, and Welch 1991). In the planning stages, administrators and 
engineers from the provincial government and the regional office of the 
national Agricultural Ministry meet with local groups to inform them 
about the available budget and to find out their priorities. During con­
struction, the farmers volunteer most or all of the necessary labor, while 
the local government and the Agricultural Ministry design the structures 
and provide the materials. Large savings typically result from the contri­
bution of labor, and the remaining funds are invested in another local 
project, from which similar savings provide the seed for still another 
project, and so on in a continuing chain. Management of the new works is 
the responsibility of the local groups that construct them, which has had 
better results than "turn-key" projects planned and built entirely by the 
government and then turned over to farmers to run. In the Philippines, 
decentralization of irrigation management to local zanjeras has resulted in 
increased efficiency in water distribution and a higher rate of compliance 
to rules (Korten and Siy 1988). A new approach to irrigation development 
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in Sri Lanka, in which local groups are involved with planning and man­
agement in ways modeled after indigenous tank irrigation systems, is also 
proving successful (Stanbury, chapter 10). 

Ultimately, who specifically benefits from government-administered 
irrigation development schemes is an important factor in their long­
term success and acceptance. Modern development of water resources has 
often served to widen the gap between indigenous elites and the poorest 
farmers. Large landholders are favored by tubewell development in the 
Cape Verde Islands "because of the advantages that automatically accrue 
to wealth, size, and status" (Langworthy and Finan, chapter 8). The tra­
ditional Tswana elite class in Botswana, who controlled cattle production 
during the colonial period, later formed exclusionary syndicates to invest 
in tubewells for watering their herds (Peters 1988). With the support of 
government land privatization programs, they have claimed ownership of 
the grazing lands surrounding the wells-lands previously held in com­
mon by the entire tribe. Among the Sonja in Tanzania, prestigious and 
powerful positions in the water management hierarchy may be bought 
or sold, but they are normally inherited within elite lineages (Gray 1963). 

The high costs of irrigation in government-developed schemes in Tunisia 
have further marginalized the poorer farmers to the benefit of richer ones 
(Salem-Murdock 1990). 

Ethnology and Local Irrigation Organizations 

The comparative method of ethnology helps researchers to identify some 
of the significant regularities in the formation and functioning of suc­
cessful local irrigation organizations. These grassroots, small-scale social 
formations are self-governing, collective-choice institutions for managing 
commonly held resources -water, storage and delivery systems, and labor 
-for irrigated agricultural production. They tend to form under condi­
tions of relative resource scarcity, economic risk, and social competition. 
These organizations are composed of farmers allied by the necessity of 
equitably dividing a limited water supply, and the need to pool labor 
and capital for construction and maintenance of irrigation infrastruc­
tures. They are held together by shared ecological risks, mutual economic 
interests, and collective investments in the means of production. They 
must handle a similar set of tasks, and the locus of decision making is 
largely determined by the scale of management, in terms of the size of the 
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system and the number of irrigators. They are sustained by compliance 
with rules that spread risk, level disparities, minimize conflict, and define 
boundaries. Local irrigation organizations are exclusive in membership, 
territorial in defense of resources, resistant to outside intervention, and 
resilient in the face of change. Restricted membership, however, some­
times includes local elites and excludes less powerful classes, and mem­
bers' shares in common resources are often proportional to their relative 
power, wealth, and status. Outside intervention that reduces local au­
tonomy is usually resisted, but acquisition of new water resources, stabili­
zation of existing supplies, reduction of risk, inclusion in decision making, 
and equitable distribution of benefits are strong incentives for local par­
ticipation in irrigation development projects. 

Ethnological insight derives from the details of specific cases as well 
as from broad comparisons. This book - a collection of case studies and 
comparative essays covering a range of environments, cultural traditions, 
and historical contexts- is about how local groups manage water re­
sources to augment crop production through social institutions adapted 
to specific settings and derived from unique cultural histories. Com -
mon threads connecting the case studies and essays include incentives 
for cooperation, operational rules and collective-choice arrangements, 
allocation principles and conflict-resolution mechanisms, links between 
scale and complexity, and relationships between autonomy, diversity, and 
stability. The book provides sources for those investigating the cultural 
ecology of irrigated agriculture, the ethnology of cooperative social for­
mations and collective-choice institutions, and the sociology of rural de­
velopment. It also provides examples and generalizations of the cross­
cultural characteristics of sustainable water management and intensive 
agriculture. 
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Part 1 

Patterns of Cooperation and Conflict in 
Local Irrigation 





-La Gente Es Muy Perra 
Conflict and Cooperation over Irrigation Water in 

Cucurpe, Sonora, Mexico 

Thomas E. Sheridan 

In Mayordomo: Chronicle of an Acequia in Northern New Mexico, Stanley 
Crawford writes about his year as a ditch-boss in a largely Hispanic com­
munity: 

Next to blood relationships, which rule the valley, come water re­
lationships. The arteries of ditches and bloodlines cut across each 
other in patterns of astounding complexity. Some families own prop­
erties on two or three of the valley's nine ditches. You can argue that 
the character of a man or woman can be as much formed by genetic 
and cultural material as by the location of their garden or chile patch 
along the length of a ditch, toward the beginning where water is plen­
tiful or at the tail end where it will always be fitful and scarce. "He's 
that way because he lives at the bottom of a ditch and never gets any 
water;' is an accepted explanation for even the most aberrant behav­
ior in this valley (Crawford 1988:23-24). 

The valley that Crawford evokes so well lies in northern New Mexico, 
a region where Spanish settlers first planted their complex tradition of irri­
gation technology and water rights in 1598. Some of those ditches, then, 
have been channeling water to people's fields for nearly 400 years. Today, 
however, most of the landowners along the acequia (irrigation ditch) that 
Crawford writes about work for wages in schools or government labora­
tories. Farming has become a part-time occupation, not a matter of life 
and death. 

About 450 miles to the southwest, on the other hand, those who 
choose to stay on the land must live off the land, so the "arteries of ditches" 
remain even more vital. In the municipio of Cucurpe, Sonora, Mexico, irri­
gated agriculture is the circulatory system of the local agrarian economy. 
Without the web of earthen acequias, crops would wither, cattle would die, 
and the connective tissue of soil, animals, and argument between neigh­
bors would dry up and decay. There would be no pueblo of Cucurpe, no 
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comunidad (corporate community) of peasant rancher-farmers, no rural 
society with roots that extend back to the establishment of a Jesuit mission 
in the 1640s. The canal systems of Cucurpe, like those of northern New 
Mexico, are maddeningly vulnerable- to flood and drought, algae and 
erosion, seepage and evapotranspiration. But they have kept the flood­
plain of the San Miguel River in cultivation for at least the last 350 years. 
Controlled by farmers who have organized themselves into local irriga­
tion communities known as comunes de agua, they are a form of common 
property management dating back to Roman and Islamic Spain. Most of 
the time, members of the comunes elect their own leaders, manage their 
own water-control systems, and sanction water users who violate opera­
tional rules independently of other political organizations such as the 
municipio, the corporate community, or state and federal agencies of the 
Mexican government. 

Those tasks are not always carried out efficiently or without fric­
tion, and the comunes have not yet extended their control over shal­
low subsurface aquifers increasingly tapped by groundwater pumping. 
Given the Mexican government's increasing commitment to the privatiza­
tion of agrarian resources, groundwater pumping may eventually threaten 
the survival of the irrigation communities, weakening or destroying the 
society of peasant rancher-farmers that depends on them. The physical 
and social challenges faced by Cucurpe's comunes de agua therefore re­
flect challenges faced by small-scale irrigation systems across the world­
challenges aggravated by the persistent failure of governments to recog­
nize the enduring strengths of smallholder agriculture, even in the late 
twentieth century. 

The Municipio of Cucurpe 

The municipio (roughly analogous to a U.S. county) of Cucurpe is located 
in north-central Sonora, less than 100 miles south of the international bor­
der (figure 2.1). It encompasses 1,789 square kilometers of rugged basin 
and range country dissected by the San Miguel River and its tributaries, 
the Rio Dolores and the Rio Saracachi. Cucurpe's economy is overwhelm­
ingly agrarian, with about 82 percent of the work force making their living 
as private ranchers, peasant rancher-farmers, farm laborers, or cowboys. 
Mining, once important, employs only 10 to 15 percent of the working 
population. Many Cucurpefios (inhabitants of Cucurpe) migrate to the 
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Figure 2.1 Location of municipio of Cucurpe in Sonora, Mexico (adapted 
from Sheridan 1988). 

cities of Mexico or the United States to look for work, but those who stay 
behind remain tied to a world of cattle, horses, and fields (Sheridan 1988). 

The fields constitute less than 1 percent of the municipio's total area. 
The rest of Cucurpe is too steep or dry to cultivate, so livestock raising, 
particularly cattle ranching, dominates the countryside. Nonetheless, agri­
culture is an essential component of Cucurpe's mixed agropastoralist 
economy. Much of the municipio falls into the Arizona Upland subdivi­
sion of the Sonoran Desert. Most of that mesquite grassland or desert 
scrub has been severely overgrazed. As a result, stockmen often have to 
provide supplementary fodder for their animals to keep them alive. The 
fodder comes from milpas (irrigated fields) along the narrow floodplain of 
the San Miguel, or from temporales (rainfall-dependent fields) along nor­
mally dry arroyos in a few major side drainages such as Canada Ancha, 
Canada Baisimaco, and Canada Cuervo. With average annual precipita­
tion ranging from 400 to 450 millimeters (15.76 to 17.73 inches) across the 
municipio, true dry farming is impossible. 
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Irrigated land, in particular, is in short supply. There are approxi­
mately 636 hectares of milpa in Cucurpe. Temporales cover nearly as much 
ground (506 hectares), but rainfall-dependent agriculture is a notoriously 
chancy endeavor in the Sonoran Desert. The rains may not come, or they 
may come too early or too late. Oftentimes, not enough rain falls to bring 
a crop to maturity, so the farmer gets little more than forage for his ani­
mals. Most Cucurpefios, then, consider temporal agriculture "una lucha," 
a battle. Consequently, they devote about ten times more labor per hect­
are to their irrigated fields. 

Nearly all those fields are located along the San Miguel, the Dolores, 
or the Saracachi. Like most "rivers" in the Sonoran Desert, however, the 
San Miguel and its tributaries are intermittent streams; they never flow 
the length of their channels except during floods. The rest of the time, 
stretches of surface water alternate with dry expanses of alluvial sand. 
Surface flow is fed by nacimientos (springs) in the riverbed-shallow cur­
rents of water that meander past man-made rows of cottonwood and 
willow, nourishing beds of watercress and attracting kingfishers, great 
blue herons, and many other species of birds. Cucurpefios throw diver­
sion dams (represas) across those streams wherever the floodplain widens 
enough to trap and hold substantial deposits of alluvial soil. The represas, 
in turn, direct the flow into the earthen ditches that bring the water to the 
fields of the Cucurpefios themselves. 

A few statistics reveal the importance of these simple, gravity-flow 
acequia systems. In 1980, about 1,200 people lived in the municipio. Those 
people were organized into approximately 260 households, at least 105 of 
which controlled irrigated fields. And of those 105 households, 97 (92 per­
cent) relied, at least in part, upon the surface water of the San Miguel. 
Pump-powered wells have been a part of Cucurpe life since the 1940s, but 
the vast majority of farmers continue to wrestle with the river for much of 
the water they need. 

The Physical System 

Within the municipio, there are at least eighteen different acequias. They 
range in length from less than 100 meters to several kilometers, but most 
are simple and often ramshackle affairs. The gravity-flow systems begin 
with the represas, which are nothing more than mounds of sand and brush 
piled behind stout branches pounded into the channel of the river. All of 
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the building material is local- alluvium and riparian vegetation such as 
seep willow (Baccharis salicifolia), desert broom (Baccharis sarathroides), 
burrobush (Hymenoclea monogyra), and tree tobacco (Nicotiana glauca). 
The only tools required are shovels, axes, machetes, and an occasional 
mule-drawn escrepa (scraper). The represas cannot survive even moder­
ate floods, but they are easy to repair or replace. 

The ditches are more permanent but not much more elaborate. Most 
are earthen channels-0.5 to 2 meters wide and 1 to 1.5 meters deep­
carved into the banks of the floodplain. Along stretches where the flood­
plain narrows, the acequias usually hug canyon walls, where they occa­
sionally are protected by living fencerows of cottonwood and willow 
trees. Those stretches, known locally as burros, are the most vulnerable 
to floods, and often get washed out along with the represas. To pre­
vent that from happening, some enterprising farmers have constructed 
masonry sections that cling to the cliffs. Just north of the pueblo of Cu­
curpe, where the serpentine Rfo Saracachi curves toward its juncture with 
the Rfo Dolores, water users even blasted a tunnel through a rock out­
crop. But such examples of labor intensification and technological sophis­
tication are rare. Most acequias, like most represas, are pick-and-shovel 
creations. Their value, of course, is their simplicity. The acequias require 
no special machinery or training, and they cost very little to construct 
or repair. Local water users build and maintain them without interfer­
ence from government officials and without resort to bankers, engineers, 
or heavy equipment operators. They are both autonomous and autoch­
thonous, well-adapted in many respects to peasant subsistence agriculture 
and peasant social organization with its high value upon self-sufficiency 
and independence. 

Nevertheless, autonomy has its price. As durable as the acequia sys­
tems are, they have severe limitations. The most basic, of course, is their 
absolute dependence upon surface flow, which fluctuates from season to 
season and year to year. The systems cannot impound water during peri­
ods of heavy flow in order to store it for periods when flow diminishes. 
The problem is particularly acute in late spring and early summer, the 
driest time of the year in the Sonoran Desert. Many springs slow to a 
trickle. Other nacimientos dry up completely. As a result, essential spring 
food crops such as corn, beans, and potatoes, planted in March, often do 
not receive the water they need during critical stages of their growth. Dur­
ing those months, farmers complain that their plants are "pleading" or 
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"begging" for water, but the acequia systems cannot answer those pleas. 
The acequias are slaves to their rivers; they take what the rivers have to 
offer rather than transform the rivers themselves. That leaves them at the 
mercy of drought, one of the twin scourges of arid-lands agriculture. 

The other scourge, paradoxically, is flood. In Cucurpe, more than 
two-thirds of the mean annual rainfall drenches the countryside in 
July, August, and September. These convectional thundershowers, known 
locally as las aguas, often send flash floods surging down the watershed, 
washing away represas and exposed sections of the canals. Because of the 
disruptions, some farmers do not plant at this time. Consequently, the 
acequias often fail Cucurpe farmers just when those farmers need them 
the most. 

The Social System 

The rudimentary nature of Cucurpe's acequia systems is not atypical. As 
Michael Meyer (1984:41) points out in his history of water control in the 
Hispanic Southwest, "The irrigation systems of most northern commu­
nities were scarcely models of hydraulic engineering. Skilled acequeros 
(ditch specialists) were scarce, surveying techniques crude, and commu­
nities had to rely on the talent that was available." In other words, farmers 
from Sonora to Texas suffered from many of the same limitations that ag­
gravate Cucurpefios today. "The only predictable problem, but one with­
out a predictable solution," Meyer (1984:45) concludes, "was that water 
scarcity would occur and would bring with it social polarization and con­
frontation. The variety of water conflicts was limited only by human in­
genuity, but the conflicts themselves, as well as their solutions, fashioned 
some of the most important configurations of southwestern society." 

One of those configurations is the comun de agua, or local irrigation 
community. In Cucurpe, there are three formally organized levels of gov­
ernment in the municipio. The most encompassing is the municipio itself, 
which is governed by a presidente (president) elected every three years. The 
municipal government performs a variety of functions somewhat analo­
gous to those of a county government in the United States. 

The second level is the peasant corporate community, of which there 
are three in the municipio- the Comunidad de Cucurpe, the Comunidad 
de San Javier, and the Ejido 6 de Enero.1 These federally chartered peasant 
organizations control approximately 21 percent of all land in the munici-
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pio - land that, according to Mexican agrarian reform law, is held in trust 
for the exclusive use of the members of the organizations alone. The cor­
porate communities therefore control two of the basic resources- arable 
land and grazing land- upon which Cucurpe peasant rancher-farmers de­
pend (Sheridan 1988). 

Surface irrigation water, on the other hand, is controlled by local water 
users. As noted earlier, there are at least eighteen acequias in the munici­
pio. Twelve of these ditches irrigate the fields of only a handful of farmers, 
so they are not subject to formal organization. Six of the canals, on the 
other hand, serve numerous farmers. Consequently, they fall under the 
jurisdiction of three different irrigation communities: the Comun de Agua 
El Pintor-Canada Ancha along the Rio Dolores, the Comun de Agua 
Saguarito - Hornitos at the junction of the Saracachi and the Dolores near 
the pueblo of Cucurpe, and the Comun de Agua El Molino - Cerro Blanco 
south of Cucurpe along the San Miguel. In 1978, El Molino -Cerro Blanco 
had fifteen members farming about 35 to 40 hectares; El Pintor - Canada 
Ancha had twenty-four members cultivating 175 to 200 hectares; and 
Saguarito-Hornitos had forty-three members with 120 to 140 hectares 
under irrigation.2 Those eighty-two water-users constituted 78 percent of 
the 105 farmers with milpas in Cucurpe, and their total acreage represented 
approximately 50 to 60 percent of all irrigated land in the municipio. 

Interestingly enough, all three of the comunes de agua lie within the 
boundaries of the Comunidad de Cucurpe, the largest and most power­
ful corporate community in the municipio. Nonetheless, the comunes, 
not the comunidad, make decisions about the water that flows down their 
canals. Each controls two major ditches, or acequia madres, on either side 
of the floodplain. Each is autonomous, responsible only to its members 
and to the presidente of the municipio. The comunidad exercises jurisdic­
tion over the distribution of land, but surface irrigation water is allocated 
by the comunes according to a traditional system of water rights that has 
been passed down from one generation of farmers to another. 

No one in Cucurpe knows how old these particular organizations are. 
The tiny municipal archive contains a scrap of paper noting that four­
teen landowners were drawing water from Acequia Saguarito in 1937, but 
the irrigation communities undoubtedly date from a much earlier period. 
For example, a squabble over water rights in 1723 reveals the presence of a 
comun in the pueblo that claimed jurisdiction over land and water along 
the Dolores and San Miguel rivers (Sheridan 1988:12-13). The documen-
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tary evidence is too fragmentary to determine precisely how this entity 
functioned. Because the modern comunes are similar to irrigation com­
munities across Hispanic America, however, it is safe to assume that they 
distribute irrigation water in much the same fashion as their colonial pre­
decessors (Hutchins 1928; Simmons 1972; Meyer 1984; Crawford 1988). 

In theory, the associations are nearly as simple as the ditches they 
maintain. First and foremost, the comunes comprise only farmers who 
cultivate land along their acequias, not all members of the comuni­
dad. Among peasant rancher-farmers in Cucurpe, household autonomy is 
highly valued. Most Cucurpefios view corporate tenure as a necessary evil, 
not a desired goal. People join together to control resources they cannot 
control on their own, such as grazing land or the surface flow of rivers, 
but they do so reluctantly. Whenever possible, their cooperative ventures 
are limited to specific tasks and specific resources. I call this deeply em­
bedded logic of resource control the principle of the bare minimum. Irri­
gation communities control sources of surface water within comunidad 
boundaries, yet those associations, not the comunidad, regulate irriga­
tion. Comunidad members who do not irrigate their fields from canals 
controlled by a particular comun de agua have no say in the affairs of 
that irrigation community. Control has not been ceded to the higher level 
because the local comunes are able to perform the labor, make the invest­
ments, and regulate the water on their own. 

The amount of water farmers receive roughly correlates with the 
amount of land they possess, but the correlation is seldom precise. Shares 
- and responsibilities - are determined by the traditional hijuela system, 
a term of venerable inexactitude. An hijuela can be anything from a small 
piece of cloth to a feeder canal off a main ditch. According to custom, one 
hijuela consists of ten to twelve tareas- a word that, literally translated, 
means the amount of work that can be accomplished during a certain 
period of time. In Cucurpe, the continued use of tarea harks back to an 
era when a unit of land was measured by how long it took to plow or 
sow or irrigate it, not by any absolute areal survey. Both hijuela and tarea, 
then, compound one another's vagueness. 

The result is a system of water distribution with a considerable amount 
of inconsistency. During the general cleanings (limpias generates) that take 
place in February and August, each water-user must contribute a day's 
work (jornal) for each hijuela he or she possesses. One Cucurpefio com­
plained that he was assessed the same amount of work- one jornal- as 
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his brothers, even though he only irrigated five tareas of land while his 
brothers watered nine. It is easy to imagine the slow accretion of rights­
and the endless negotiation of responsibilities- such a system represents. 

The Juez de Agua 

The individual who has to keep this Byzantine system working is the water 
judge (juez de agua or comisionado de agua). Every January, the members 
of a comun meet to elect the juez de agua and his suplente (substitute). The 
water judge is always a fellow member with a vested interest in the comun. 
Not surprisingly, in the Comun de Agua Saguarito-Hornitos, which pro­
vides most of the examples that follow, two farmers whose fields lay at or 
near the end of the two acequia madres were often chosen to serve. They, 
of course, had more reason than most to see that the distribution of water 
was carried out in an equitable and efficient fashion. If they did not, their 
crops would shrivel while upstream water users hogged the flow. 

One of the major tasks of the juez de agua is to organize the work 
parties that clean and repair the acequia systems. In February 1981, the 
limpia general of Saguarito - Hornitos lasted four days. The first day, work 
began at eight A.M. and ended at five P.M. with a break for lunch. Twenty­
nine men-some of them water users, others jornaleros (day laborers) 
hired by water users-first replaced the diversion dam channeling water 
into Acequia Saguarito, the main canal on the west bank of the San Miguel 
River. Then they slowly moved down the ditch with their shovels and 
their machetes, removing debris, scraping away (deslamando) the algae 
that clogged the channel, trimming or chopping down seep willow, mes­
quite, or acacia overhanging the banks. Work progressed rapidly, but there 
were plenty of breaks for cigarettes and talk. The day was characterized by 
good-natured, easy-going industry, and Beto, the new juez de agua, was 
clearly pleased with his troops. 

But that was during the winter, when flow in the San Miguel is most 
reliable. The most serious problems begin in late spring. In April 1981, 

within two months of the February general cleaning, Beto had to orga­
nize another work party to scour a stretch of Acequia Saguarito because 
algae (lama) was once again choking off flow. And when the summer 
rains began, members of the comun spent eleven different days in August 
alone replacing the diversion dams or rebuilding stretches of Saguarito 
and Hornitos, the acequia madre on the east bank of the San Miguel. 
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Such emergency work groups are much harder to marshal than the lim­
pias generales. Because floods and other natural insults to the system can­
not be predicted, water-users or their jornaleros have to be rounded up 
after the fact. Some are busy. Others are not at home. The water judge has 
the power to fine those who do not show up, but many prefer to pay the 
money rather than invest the labor. As a result, the juez de agua spends 
more time bringing together fewer people, and the ones he does manage 
to corral often grumble about doing more than their fair share. 

Nevertheless, maintaining the acequia systems generates far less con­
flict than distributing the water within their banks. At that same work 
party in early April, Beto was already worrying about the hot weather 
and the low flow. Water users irrigate in the order (par turno) in which 
their fields lie along the ditches. Because of the scarcity of water, Beto 
had ordered them to irrigate "dia y noche" ("day and night") when their 
turns came. That meant he had to make sure they were irrigating twenty­
four hours a day and not falling asleep and letting the water go free. One 
night he even caught the farmer who had been water judge the year before 
snoozing beneath a tree. "Levantate, muchacho!" ("Get up, boy!"), he told 
his groggy neighbor, who was coming off a three-day drunk. In Cucurpe, 
where most members of the police force and other municipal agencies are 
temporary, an official one year can be a culprit the next. 

It also meant that Beto had to watch out for unscrupulous water users 
who sneaked out at night and breached the acequias to water their own 
fields. When he confronted one notorious abuser, the man argued that 
gophers ( topos) had caused the bank of the ditch to collapse. According to 
Beto, late spring was a time when the water judge had to exercise constant 
vigilance, when "the water cannot be left alone." 3 

By the middle of April, however, there was barely enough water in the 
river to steal. Flow in both Saguarito and Hornitos could not be sustained, 
so Beto had to divert all the water into one canal and then the other for 
five- and later eight-day periods. He also had to organize another work 
party to extend the intake canals upriver to capture more flow. At times 
like that, most water judges vow never to accept the job again. They are 
besieged by desperate farmers who beg for a few hours of "the tail end of 
water" (la cola de agua) to keep their bean plants from dying in the in­
tense sun. But if the water judges grant one farmer's request, they face the 
wrath of others. By June, tempers are flaring as high as the summer heat. 
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To make matters worse, the tension between water judge and water users 
is aggravated by the fact that the juez de agua's annual fee-one fanega 
(about 1.5 bushels) or saco (sack weighing 75 kilograms) of wheat or its 
monetary equivalent per hijuela-is due that month. By the middle of 
June, Beto had received payment from only two members of the comun. 
He undoubtedly would have agreed with his predecessor, who said, "The 
comuneros are very devious. They all want their water rights but they 
don't comply with their obligations. They're coyotes." 4 

With luck, the summer rains arrive by San Juan's Day (June 24) 

and break the tension with violent thunderstorms. In 1981, however, the 
rains began in late June but quit a month later. By the end of August, 
the drought was critical, and farmers were struggling to keep their corn, 
beans, and chile alive. Not surprisingly, their desperation often turned 
into hostility toward the water judge. Eleven days earlier, members of the 
comun had repaired the diversion dams and the canoa (wooden flume) 
after the last flood. Nevertheless, an upstream water user, entitled to four 
or five days of water, was still dominating the flow. The same man who had 
stolen water at night and blamed it on gophers now damned the juez de 
agua. A devastating raconteur, he mimicked the water judge's laugh and 
spat, "This man (the water judge) is such an idiot! There's no vigilance! 
This fucking old man [ the upstream water user] lets the water flow free and 
the water judge doesn't punish him. These are very irresponsible people." 5 

Other water users echoed his words. During a velorio (all-night vigil) 
to the Santo Nifio de Atocha at a ranch south of Cucurpe, a group of 
farmers smoked and talked outside as the women prayed in the ranch 
house and the stars burned overhead.6 They, too, noted that their fellow 
member-"el piriche perro viejo" ("the fucking old dog")-had been irri­
gating for nearly two weeks while their crops withered. They also com­
plained about the juez de agua, agreeing that he wasn't doing his job. 
"When there's great necessity, people ought to irrigate day and night, 
as the regulations state," one proclaimed. "But the people have no con­
science." 7 Moreover, food crops should be irrigated before fodder crops. 
Alfalfa could survive another three or four days, but bean plants were 
more vulnerable, especially when they were en ejote (in pod), as they were 
now. "Pero la gente es muy p-erra," he concluded. "People are such dogs." 
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Pumps and Pipe Dreams 

Such derogatory comments were not uncommon, especially during times 
of stress. Several people stated, only half in jest, that the reason why the 
thunderstorms that were soaking the rest of the region bypassed Cucurpe 
was because "the people here are very bad, very bad." 8 When I jokingly 
suggested to an old friend that the Cucurpefios should pray for rain, 
he shook his head. "No, Tomas. They should unite. They should act as 
brothers." 9 He knew as well as I that such a change in attitude was unlikely. 

The cynicism of the Cucurpefios reveals the social as well as physi­
cal limitations of the comunes de agua. The comunes function, but not 
without friction. Surface water may be a corporate resource, but its dis­
tribution is a constant source of conflict among water-users during the 
drier months. Moreover, the members of Saguarito-Hornitos had trouble 
mustering the organizational energy to improve their acequia system, 
even in relatively minor ways. In the late 1940s, water users hammered 
and blasted a tunnel through solid rock so Acequia Hornitos did not have 
to skirt an outcrop in the floodplain of the Rio Saracachi, where it was 
washed out by every flood. Dynamite had to be purchased. Labor had to 
be mobilized. Planting along the canal was even suspended while the work 
progressed. In the early 1980s, however, the water users could not even 
replace the porous wooden flume that transported the water of Acequia 
Saguarito across the Rio Dolores. Consequently, considerable amounts of 
water from Acequia Saguarito spilled into the sand of the Rio Dolores in­
stead of onto their fields. 

But cynicism. and conflict were not the only responses of the Cucur­
pefios to water scarcity. In meetings, on street corners, and in their fields, 
farmers spent hours discussing ways to get more water to their crops. One 
idea was to construct a concrete cortina, or retaining wall, from the sur­
face of the Rio Saracachi down to bedrock in order to force subterranean 
water to the surface. But the solution most Cucurpefios preferred was to 
drill pump-powered wells. They argued about where the wells should be 
placed. They debated the merits of deep, perforated wells (pozos perfora­
dos) versus shallow, open ones (pozos de luz). They even dreamed about 
drilling wells in the floodplain and then pumping water through tubes up 
and over the mesas to irrigate two fertile side canyons of the watershed. 
Like farmers all over arid North America, Cucurpefios lusted after a tech­
nological fix. 
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Pump-powered wells (pozos con bombas) have been a part of Cucurpe 
life for nearly half a century. The first one was drilled along the Rio Dolores 
in the late 1930s or early 1940s. Others soon followed, largely along the 
Dolores where a few relatively wealthy farmers controlled considerable 
land. By 1980-1981, there were at least twenty-five pump-powered irriga­
tion wells in the municipio, most of them located along the floodplain of 
the rivers themselves. Nineteen were open and relatively shallow, draw­
ing water to the surface with gasoline-fueled centrifuge pumps. Along the 
Dolores, however, five farmers operated six perforated wells powered by 
diesel turbine pumps. Those wells were six to ten inches in diameter and 
pumped six to eight inches of water. All were in the floodplain of the 
Dolores or in a side canyon called Canada Ancha. All tapped the same 
shallow, alluvial aquifer that fed the springs of the Rfo Dolores. 

Traditional Water Control and Technology: 

A Disjunction 

Significantly, four of those five well-owning farmers were bitter enemies 
of the comunidad of Cucurpe. Their land lay within comunidad bound­
aries, yet ever since the federal government recognized the comunidad as 
a legal entity in 1976, they had battled the comuneros (members of the 
comunidad) in both state and federal courts. The comunidad eventually 
won those suits, but the government, pressured by the landowners and 
their powerful friends, took no action. So in 1982, a group of determined 
comuneros occupied the fields of the four quejosos (complainers), three of 
whom lived outside the municipio. The government told the comuneros 
to get off the land but the comuneros refused. Eight years later, the land 
remained in their hands (Sheridan 1988:179-184). 

Before that happened, however, their wells provided a stark contrast 
between corporate and private tenure. In Cucurpe, surface water in the 
rivers is held in trust by communities of water users. Water pumped from 
the ground, on the other hand, belongs to the owner of the well. Wells are 
registered by the federal Department of Agriculture and Water Resources 
(sARH; Secretarfa de Agricultura y Recursos Hidraulicos), and it is now 
difficult and expensive to secure permission to drill a new one along the 
San Miguel. But SARH has not yet metered the wells in order to monitor or 
control pumping. Consequently, well owners are able to pump as much 
water as they can afford; the only constraint is fuel costs, not the needs or 
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rights of neighbors. During the early 1980s, private wells often chugged 
and rumbled while flow in the rivers declined. Listening to those pumps 
one hot August afternoon, a former juez de agua compared his crops with 
the crops of two comuneros who sharecropped the fields of a well owner 
who lived in Magdalena. Their chile plants were dark green and lustrous 
and their corn had heavy ears. His beans, in contrast, were parched and 
struggling to survive. "How envious it makes me feel to see those fields!" 
he exclaimed. "It takes away your desire to work." 10 The only major differ­
ence between his fields and theirs, of course, was the availability of water. 

The distinction between surface and subsurface water is an old one, 
rooted in Spanish law. Michael Meyer (1984) points out that in New 
Spain, the colonial viceroyalty encompassing Mexico and the southwest­
ern United States, irrigation water, like land and mineral wealth, was part 
of the royal patrimony. Unless the king or his officials granted it to a com­
munity or a private individual, it belonged to the Spanish crown. More­
over, water rights were legally separate from land tenure. A grant of arable 
land along a river did not entitle the owner to water his or her crops from 
its flow. The two resources-land and river water-were distinct and had 
to be acquired as such. 

Groundwater, in contrast, belonged to the owner of the land where it 
bubbled to the surface. According to Meyer (1984:20): 

The only automatic alienation of water with a land grant was for water 
that originated on the piece of land. A spring or a well became the 
property of the owner of the land where it rose, a tradition deeply 
engrained in medieval Spanish water law. The distinct ownership of 
surface and subsurface water is not easy to explain. Water originating 
from rain was considered common property, but knowledge of aqui­
fers was very rudimentary. Maybe the water in springs and wells came 
from subterranean sources; maybe it had just always been there; the 
supply certainly seemed limitless. There was little or no appreciation 
that underground water also originated from precipitation, or that 
depleting an underground reserve on a given piece of property could 
have a direct impact on the water supply of a neighbor. Given this 
imperfect understanding, a person could pump water from a well or 
channel spring water to his fields without special permission. 

Prior to the installation of pump-powered wells, the distinction prob­
ably had little impact upon Cucurpe irrigation practices. Subsurface water 



Irrigation in Cucurpe, Sonora 47 

was largely inaccessible. All farmers, regardless of their wealth, relied upon 
the intermittent flow of the rivers. With the advent of this technological 
innovation, however, traditional methods of water control faced a poten­
tially severe, even fatal challenge. Nearly all the pump-powered wells were 
drawing water from the same aquifers that fed the springs in the riverbeds, 
yet the comunes de agua had no jurisdiction over the wells that caused 
flow in their acequias to decline. To rub salt in the wound, the owners of 
the largest wells even sold water to their less fortunate neighbors. In 1980-
1981, the going rate was seventy pesos ($2.80) an hour, a considerable ex­
pense.11 This was particularly galling to many comuneros, who were forced 
to buy water from absentee landowners fighting the comunidad. Their re­
sentment undoubtedly fueled their move to occupy the land a year later. 

The Future of Water Control in Cucurpe 

The conflict between well owners and the comunes de agua is not yet criti­
cal, but it may become so in the years ahead, especially if the privatization 
of resources within comunidades and ejidos instituted during the presi­
dential administration of Carlos Salinas de Gortari (1988-1994) continues. 
Agricultural intensification is impossible in Cucurpe without increasing 
the supply of irrigation water. At present, drought-sensitive plants like 
beans often suffer, while many lucrative crops such as chile, alfalfa, and 
vegetables sometimes cannot be grown without a well. The comunes have 
a hard time providing enough water for land under cultivation now. As 
long as they rely solely upon their gravity-flow acequia systems, expansion 
is out of the question. Consequently, Cucurpefios have largely ignored the 
comunes in their attempts to bring more water to their fields. 

Three basic strategies have been pursued. The first is the sinking of 
private wells. Many farmers have done so, including many comuneros, but 
their wells are usually shallow and powered by gasoline pumps that are ex­
pensive to run, break down easily, and provide relatively little water. They 
are, at best, auxiliary sources of irrigation. 

The second strategy is government intervention. In the late 1970s, 
SARH spent hundreds of thousands of pesos drilling deep, perforated wells 
in three major side canyons of the San Miguel. Those turbine-powered 
wells - several as deep as 500 feet-were supposed to deliver 10 to 12 

inches of water in diameter, thereby opening up hundreds of hectares of 
potentially arable land. But the wells were colossal failures, barely pump-
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ing enough water to fill a few cattle tanks. In Canada Ancha, technicians 
even abandoned their drilling rig. It served as a mute but massive re­
minder of technical ineptitude and governmental failure. 

The third strategy is social reorganization. In the early 1980s, the gov­
ernment proposed a plan to funnel credit and technological assistance to 
small groups of farmers within the comunidad of Cucurpe who cultivated 
land next to one another. When first presented, these "collective groups" 
(grupos colectivos) were supposed to tear down their fences and farm their 
land in common. If they agreed to do so, the government was going to 
underwrite loans from the Banco Rural, the federally funded rural de­
velopment bank, to drill wells, purchase agricultural equipment, and buy 
fertilizer, insecticides, and seeds. 

The plan must have seemed like a good one in Mexico City, but it 
met unyielding resistance from the Cucurpenos. Deeply attached to their 
fields, they were not about to surrender their independence to either their 
neighbors or the Banco Rural. "We are going to become workers for the 
bank," one concluded after listening to the bureaucrats during a special 
meeting of the comunidad. Eventually, the bureaucrats got the message, 
and the proposed experiment in small-scale collective farming was aban­
doned (Sheridan 1988:186-88). 

Most government officials viewed this resistance as yet another ex­
ample of peasant conservatism and intransigence. Once the specter of col­
lectivity was banished, however, many Cucurpenos expressed keen inter­
est in government assistance to achieve more limited goals, such as the 
formation of pig-raising or bee-keeping cooperatives. In 1981, three differ­
ent groups of comuneros even organized grupos colectivos. All were com­
posed of farmers with temporales in the side canyons of the San Miguel. 
All sought loans to drill pump-powered irrigation wells. 

Unfortunately, the economic crisis of the 1980s prevented the govern­
ment from following through on its promises. The collective groups, like 
so many other government schemes, collapsed in a morass of corruption, 
devaluation, and retrenchment. Nonetheless, one group of five farmers, 
stimulated by the government plan, pursued matters on their own. Pur­
chasing six hectares of temporal land in Canada Baisimaco north of Cu­
curpe, they drilled a 70-foot well with a 6-inch diameter pipe and con­
verted the rainfall-dependent fields into irrigated milpas. It was one of the 
few successful examples of cooperative agricultural intensification in Cu­
curpe during the past fifteen years. 
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It also revealed that fundamental premise of resource control in Cu­
curpe: the principle of the bare minimum. When left to their own devices, 
Cucurpefios sought the most parsimonious solutions to their problems. 
If they could afford to drill a well themselves, they did so. If not, they 
banded together in the smallest group possible. Centuries ago, farmers 
who needed water from the same stretch of the San Miguel River formed 
comunes de agua. Today, farmers with the means to do so tap subsurface 
reserves. 

Unfortunately, the result is a patchwork quilt of wells and ditches that 
extract water from the same aquifers without necessarily benefiting the 
community of water users as a whole. Technology has outstripped tradi­
tional methods of water control. The possibility of conflict increases faster 
than the reality of cooperation, particularly as the Mexican government 
abandons its institutional commitment to common property manage­
ment and encourages privatization. Consequently, economic inequality 
and political polarization may deepen as those who are able to pump water 
from the ground diminish the livelihoods of those who cannot. Continu­
ing to view subsurface water as a private resource may lead to even more 
crippling water scarcity for those who depend upon surface fl.ow. 

In order to prevent this from happening, further centralization of 
water control may be required. The critical factor in this process, however, 
is at what level centralization should take place. In Cucurpe, the impact of 
pumping upon surface fl.ow in the San Miguel drainage needs to be ascer­
tained- a task that probably can only be carried out by hydrologists sup­
ported by the federal government. Once that has been done, the artificial 
distinction between surface and subsurface water rights should be modi­
fied or eliminated. If they are to remain in private hands, existing wells 
should be strictly regulated. Better yet, those that pump water from the 
same aquifers that supply the comunes de agua should be incorporated 
into those organizations. In San Ignacio, a farming community about 40 
miles northwest of Cucurpe, one such irrigation community drilled a well 
that serves as a supplementary source of irrigation water. To pay for the 
well, members were assessed according to the same ratio as their contribu­
tions to the communal labor parties. As a result, members of that comun 
have enough water to raise a wide variety of fruits, vegetables, spices, and 
even flowers for the regional market- crops the Cucurpefios simply do 
not have enough water to grow.12 

Unless such appropriate centralization takes place, however, the dis-
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junction between technology and traditional methods of water control­
and between private and corporate tenure-will continue to widen. De­
spite their limitations, the comunes de agua have allowed peasant farmers 
to survive in Cucurpe for nearly four hundred years- an historical reality 
the Mexican government should not ignore in its rush to privatize the 
nation's agrarian economy. As Jonathan Mabry points out in the first 
chapter of this volume, 85 percent of the world's irrigated cropland con­
tinues to be watered by small-scale gravity-flow systems managed by local 
groups of farmers. Battered by devaluation and plagued by high rates of 
unemployment and underemployment, the service and industrial sectors 
of Mexico's urban economy cannot absorb the additional millions of peas­
ants who will be forced to leave the countryside if the enduring forms of 
common property management protected by Mexico's ejidos and comu­
nidades are weakened or destroyed. With a limited amount of govern­
ment intervention, both legal and financial, pump-powered wells could be 
placed under the jurisdiction of Cucurpe's comunes de agua, thereby in­
suring all local water-users their fair share of irrigation water. Otherwise, 
the anarchy of private tenure within a corporate framework will erode the 
foundations of a rural society that provides a decent living for hundreds 
of people, just as other forms of privatization and so-called structural ad­
justment are threatening the livelihoods of millions of peasants across the 
world. In the words of Stanley Crawford (1990:265), 

Everyone has been startled at least once by the miraculous imagery of 
the saying that water can be made to flow uphill toward money. It is 
perhaps part of the genius of the image that for the moment at least 
it seems to settle the arguments that bring it into play. Everything has 
its price. We live in a world of buying and selling. We all know that. 
What else can we say? 

Yet we also live in a world of other kinds of value, and sooner or 
later we will need to ask whether it is good for anything but money 
that water can be made to flow uphill, whether it is bad for streams, 
rivers, traditions, communities, and even individuals. 

Notes 

1. In 1976, the Mexican government reconfirmed the existence of the comunidades of 
Cucurpe and San Javier, and created the Ejido 6 de Enero. Cucurpe was granted 21,050 
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hectares, San Javier 9,867 hectares, and 6 de Enero 8,000 hectares, for a total of 38,917 

hectares of the 189,001 hectares in the entire municipio of Cucurpe. The rest of the land 
belongs to private ranchers. These organizations, similar to peasant corporate commu­
nities around the world, hold land in trust for their members (Wolf 1955, 1957; Sheridan 
1988). Only members are legally entitled to cultivate arable land, pasture their livestock, 
and gather firewood and other wild plant resources within their boundaries. Like comu­
nidades and ejidos all over Mexico, they elect their own officers, hold monthly meetings, 
and assess dues in accordance with Mexican agrarian reform law. 

2. The relatively large amount of acreage irrigated by Comun de Agua El Pintor­
Cafiada Ancha included the fields of the four landowners fighting the Comunidad de Cu­
curpe. 

3. No se puede dejar la agua solo. 
4. Los comuneros son muy mafiosos. Todos quieren sus derechos de agua pero no sirven. 

Son coyotes. 
5. Este hombre tan idiota! No hay vigilancia! Este pinche viejo deja el agua solo y no le 

castiga. Son gente muy irresponsable. 
6. The Santo Nifio de Atocha is a manifestation of the Child Jesus who appeared in 

Atocha, Spain, during its occupation by the Moors. According to legend, the Moors al­
lowed no one but small children to visit Christians in prison there. One day a child carry­
ing a basket of bread and a staff with a gourd of water suspended from one end showed up 
at the gates. The child fed and gave water to all the prisoners, yet his basket and gourd re­
mained full. In Cucurpe, at least one family appealed to the Santo Nifio to end the drought. 

7. Cuando hay mucha necesidad, la gente debe regar dia y noche, como dice el acto. Pero 
la gente no tiene conciencia. 

8. La gente acd son muy malos, muy malditos. 
9. No, Tomas. Deben unirse. Deben hermanarse. 
10. Como me da envidia a ver esas mi/pas! Se quita el dnimo a trabajar. 
11. In 1980-1981, the exchange rate was approximately twenty-five Mexican pesos per 

U.S. dollar. 
12. San Ignacio, established as a Jesuit mission among the Upper Pima Indians in 

1687, is located along the Rio Magdalena. In the spring of 1990, one family of farmers who 
belong to the comun de agua that drilled the supplementary well raised spinach, carrots, 
radishes, onions, garlic, cilantro (Mexican coriander), chamomile, Chinese cabbage, and 
peaches in one small field alone. Other farmers cultivate orchards of plums and quinces 
and fields of marigolds, which decorate graves on El Dia de los Muertos (All-Souls' Day), 
in addition to wheat, barley, alfalfa, chile, corn, beans, and squash. Proximity to Magda­
lena, a regional center of about 30,000 people, and Highway 15, which leads to Nogales 
and the international border, are two reasons why truck farming flourishes in San Ignacio. 
Even with access to such markets, however, Cucurpe farmers could not grow many of 
those crops without additional sources of water. 
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Dhasheeg Agriculture in the Jubba Valley, 
Somalia 

Catherine Besteman 

for at least the past 5,000 years, flood recession agriculture has been 
vital to the people living in Africa's river valleys. As Richards (1983:29) 

notes, flood recession regimes are "natural irrigation systems" that obvi­
ated the need to develop complex water control (irrigation) schemes by 
African communities. Despite the widespread dependence on flood reces­
sion in African agriculture, Scudder (1992) argues that "a striking feature 
of large-scale post-World War II river basin development projects is the 
extent to which the importance of annual flooding for local farmers, tran­
sient pastoralists, and fisherfolk is ignored by both researchers and devel­
opers alike." This ignorance of indigenous systems of water use may go a 
long way toward explaining the findings of a recent, detailed overview of 
development projects in African river basins: "Many of the projects that 
have been built have failed completely; many have been disappointing; 
some have been modestly successful for at least a few years; unfortunately 
there are none known to us that can be considered unqualified successes" 
(Bloch 1986 :1). 

With growing concern over the "crisis" in African agriculture (Barker 
1984:12; Berry 1984, 1989; Commins, Lofchie, and Payne 1986; Richards 
1983:2; Watts and Shenton 1984:173, 176) and a continuing use of "tech­
nocratic approaches" (Berry 1989:1) such as dams and irrigation projects 
to meet this crisis, a better understanding of how indigenous local com­
munities have successfully used and managed their floodwater resources is 
warranted. This perspective calls for attention not only to land use strate­
gies, but also to land tenure patterns - the ways in which access to flooded 
land is distributed, obtained, and maintained by community members. 

Unfortunately, not only are detailed analyses of land use patterns in 
flood recession regimes noticeably lacking in the literature (a notable ex­
ception is Scudder's 1975 discussion of Gwembe Tonga) but also lacking 
are analyses of the social organization of flood recession agriculture (with 
the exception of Park 1988, 1992, and Linares 1981). In this chapter I ad-
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dress these issues as they apply to one of Africa's "major river systems" 
(Scudder 1992), the Jubba River Valley of southern Somalia. 

A particularly important aspect of the social organization of agri­
culture is the potential for an enhancement of pre-existing stratification 
or the emergence of new forms of stratification with development. The 
"equity" issue in African agriculture has received increasing attention (see 
Downs and Reyna 1988; Reyna 1987; Cohen 1980; Okoth-Ogendo 1976; 

Watts 1983). Concerns about equity with development are justified for 
economic as well as social reasons. In some areas where land concentra­
tion resulted from agricultural policies intended to facilitate development, 
agricultural productivity on larger farms fell (Haugerud 1989; Cohen 1980; 

see also Netting 1993). Competition for land is often particularly intense 
in river valleys, due to the high value placed on irrigated (or flood re­
cession) land. As Richards (1983:29) notes, "'irrigated' land ... is often 
keenly sought after and rights to it jealously guarded. Inequality in access 
to swamp land may in some circumstances be a better clue to socioeco­
nomic stratification among the peasantry than size or availability of up­
land farms." Comparatively, equitability in the distribution of access to 
wetlands is one area of high variability. One purpose of this essay is to ex­
amine the issue of unequal access to and control of flood recession land 
among local Jubba valley farmers. 

Drawing on data collected during twelve months of fieldwork in a vil­
lage in the mid-valley, I discuss the importance of dhasheeg agriculture to 
subsistence, analyzing risk minimization strategies used by local farmers. 
My point is to demonstrate how flexibility is maintained and stratification 
stifled in the social organization of flood recession agriculture. I will con­
clude with some remarks on the nature of the conflict between local man­
agement of resources and state intervention in local resource management 
(in the form of new tenure laws, titling programs, development projects), 
and the place of irrigable land in contemporary war-torn Somalia. 

Middle Jubba Ecology and Geography 

The middle portion of the Jubba River valley (figure 3.1) is distinguished 
from the upper and lowest part of the valley by the prevalence of inland, 
low-lying depressions called dhasheegs, which are seasonally flooded by 
river channel overflows, rainfall, run-off, and underground water flow 
(percolation). The dhasheegs, rather than the riverbanks, are the focus of 
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flood recession agriculture. Dhasheegs are characterized by heavy black 
soils (caramaddow) that hold water and retain moisture for long periods 
of time and can yield up to twice as much as surrounding rainfed crop­
lands (called doonk).1 When full, dhasheegs resemble shallow lakes, and 
are cultivated from the perimeter toward the center as the water evapo­
rates. The majority of Jubba Valley farmers practice no form of mechanical 
irrigation, and are thus dependent upon rainfall and seasonal flooding to 
meet their water needs. 

Floods and rains occur in a bimodal pattern, but are highly unpre­
dictable. Statistics of flooding for the Jubba Valley show a "wildly erratic 
seasonal and annual pattern. Thirty-year records show a range in annual 
floods of 2,700 million cubic meters (mcm) (1980) to 10,200 mcm (1977), 

while measured daily discharges at Luuq can range from 2,000 cubic 
meters per second in October to less than 10 cumecs in March in some 
years" (Tillman 1988:3). Rainfall patterns fluctuate in a similar manner. 
Recent records from Jilib in the lower valley show a range in annual rain­
fall from 472 mm (1980) to 925 mm (1983) (FEWS records). The average 
yearly rainfall in the mid-valley region is 400 mm (GTZ 1984). 

In an area characterized by such unpredictable water availability, dha­
sheegs provide the key to survival. Because dhasheeg soils are so fertile 
and retain moisture for long periods of time, farmers say "there are no 
droughts on dhasheeg land." Dhasheegs will always produce something, 
even with minimal amounts of rainfall, whereas doonk farms are only cul­
tivated in seasons of good rainfall or extremely high flooding. Dhasheegs 
thus represent a type of intensive agriculture in an area characterized by 
shifting cultivation, as dhasheegs are permanently cultivated at least once 
and often twice a year. 

Dhasheeg land is valued for other reasons as well. Labor inputs are 
lower as flooding checks the regeneration of bush, so no land preparation 
is necessary prior to planting. Weeds are less of a problem than on doonk 
land. Planting, weeding, and harvesting continuously follow the receding 
water line, so labor bottlenecks are avoided. The planting of dhasheegs 
does not begin until after the water from the rains or floods has started 
to recede, so harvesting may not begin until well into the dry season, a 
time when fresh produce is much welcomed. Because dhasheegs are basins 
completely cleared of forest and bush, watching for animal pests is much 
easier (hippos, warthogs, monkeys, and cattle and camel herds of pastoral 
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nomads are a primary source of crop damage), and neighbors can share 
guarding. 

Dhasheegs and the Settlement of the Valley 

Dhasheegs were critical in the settlement of the Jubba Valley for agricul­
ture. Linguistic evidence and oral tradition suggest that Somali pastoral­
ists, expanding into the Horn of Africa from their place of origin in south­
western Ethiopia, crossed the valley by the thirteenth century, followed by 
Boran pastoralists, who dominated the area until the late eighteenth cen­
tury.2 In the nineteenth century, Darood Somali groups began their great 
series of southward migrations, pushing the Boran all the way back to the 
Tana by the end of the century. Somalis have since controlled the plains 
stretching to the east and west of the Jubba. In the course of their sea­
sonal movements, these pastoralists used watering places on the river and 
in adjacent dhasheegs for their livestock. Generally, however, the lower 
half of the valley was avoided by pastoralists except in times of great need, 
as it was dense jungle infested with malaria-bearing mosquitoes and tse­
tse flies that carry tripanosomes, vectors of sleeping sickness that is lethal 
to livestock. One indication of the Somali opinion of the Jubba Valley 
is the contemporary term used to signify the lower half of the valley­
"Gosha" -which means "jungle or unhealthy place." 

There is no conclusive evidence - archaeological, documentary, or in 
oral tradition - to suggest that agriculture was practiced prior to the ar­
rival in the mid-nineteenth century of the forefathers of the present day 
farmers.3 The first sedentary settlers in the valley were fugitive slaves. 
A plantation mode of production, using slave labor brought from East 
Africa, was well established in the Shabelle River valley by the mid­
nineteenth century.4 Starting in the 1840s, slaves escaping from these plan­
tations began arriving in small numbers in the Jubba River valley. The 
number of ex-slaves coming into the valley grew dramatically by the late 
1800s (Menkhaus 1989), when a British expedition up the Jubba estimated 
the riverine population (collectively called the Gosha, after the area in 
which they live) at 40,000 (Dundas 1893). The uninhabited valley, with its 
dense forest cover and unhealthy environment, provided a safe refuge for 
the escaping slaves. By the turn of the century, the fugitive slave popula­
tion had conquered the indigenous foraging Boni and emerged victorious 
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from a series of armed skirmishes with surrounding Somali pastoralists 
(Menkhaus 1989). 

From nineteenth-century travelers' accounts, oral tradition and colo­
nial documents we have a good understanding of the early settlement pat­
tern of the Gosha.5 The earliest arrivals settled near a dhasheeg, obtained 
seeds through a reciprocal agreement with a neighboring Somali group, 
and began farming in the dhasheeg. The forest provided abundant food 
until returns from agriculture were enough to meet subsistence needs.6 As 
migrants streamed into the valley over the next several decades, new vil­
lages were continually being formed. By the last decade of the nineteenth 
century, the settlement pattern was characterized by numerous small, dis­
persed, independent villages.7 Dhasheegs were critical in determining the 
settlement pattern, and in the survival of the fledgling villages. All villages 
were settled near a dhasheeg (Menkhaus 1989; Besteman 1991), and "most 
of the cultivation was done in desheks" (Cassanelli 1989:223). An early Ital­
ian administrator writing on the settlement of the Gosha called dhasheeg 
agriculture "importantissimo" (Zoli 1927) and later colonial authorities 
through the 1950s wrote of its significant potential for agricultural devel­
opment (see Conforti 1954). 

Cassanelli (1989) provides evidence that village founders and their de­
scendants (gamas) maintained a greater degree of control over land than 
newcomers (majoro). The frontier environment of the Gosha 6tifled the 
development of extreme social stratification, however, as villagers could 
pick up and continue north if local politics were not to their liking. There 
was thus an effective limit to the authority of the gamas, as there were 
no means of preventing disgruntled villagers from founding villages of 
their own. Villages were largely independent and autonomous entities, 
and were continually established throughout the Gosha, particularly in 
a northward direction. The expansion of the frontier continued into the 
mid-valley area through the first decades of the twentieth century. Signifi­
cantly, very little settlement of new villages continued beyond the geo­
graphical area characterized by dhasheegs. 

Dhasheeg Land Use and Tenure 

A case study of Loe village can provide an example of the workings of dha­
sheeg land tenure and land use in a mid-valley village. The village of Loe 
is similar in settlement history, land use, and land tenure patterns to other 
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Gosha villages, and can be considered representative. Loe was founded 
around 1920 by fugitive slaves from the Shabelle River Valley and Baay 
region. The first settlers had lived in several other villages in the Gosha 
before finally settling near the large dhasheegs in the vicinity of Loe. The 
area was initially settled in four villages, each near a dhasheeg. In 1977 the 
government relocated the four villages to the present site of Loe. The area 
currently claimed by Loe covers about 751 hectares and includes part or 
all of the four nearby dhasheegs, representing about 10 percent of Loc's 
land base. The earliest arrivals farmed the most accessible, highest quality 
dhasheeg land. As later settlers arrived, they claimed and farmed land fur­
ther into the dhasheeg, which was less accessible, or land on the edge of 
the dhasheegs. Although still good quality, these lands are less desirable 
than the land claimed first. The land further into the dhasheeg, due to its 
location nearer the center, can become waterlogged; conversely, land on 
the fringes of the dhasheeg may not receive enough water. 

Initial acquisition ofland was based on the premise that land belonged 
to the man who cleared it. As villages formed in the area, village leaders 
emerged (called nabadoon, which means "peace-bringer"). These men, 
who were usually the village founders, were responsible for giving land 
rights to newcomers. The position of nabadoon became more important 
as population and demand for land grew. By the 1960s, the newcomers 
to the Loe area were actually giving cash payments to local nabadoons 
in return for rights to a piece of land. In 1977, with the resettlement of 
the four villages into Loe, the nabadoons were replaced by a government­
appointed village council. The village council, consisting of six members, 
had the same duties as the nabadoon, including the authority to grant 
land to those who request it. An individual desiring land usually identifies 
an area of unclaimed land that he would like, and then makes a formal 
request to the village council for the land. The council is then responsible 
for ascertaining that there are no competing claims. If there are none, then 
the petitioner is given the authority to claim the land as his own. 

Land acquisition in dhasheegs was characterized first by direct claim, 
and later, as population grew, by request through the nabadoon. Most 
dhasheeg land was claimed by about forty years ago, and inheritance has 
become the primary means of acquisition. A small amount of dhasheeg 
land continues to be acquired each year by other means, through the vil­
lage council, by purchase, or as a gift. Dhasheeg parcels acquired through 
the village council over the past twenty years have generally been the poor-
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Table 3.1 Means of acquisition of dhasheeg land parcels in Loe Village, 
Somalia. 

How acquired 

Inheritance 

Village council 

Purchase 

Gift 

Source: Author's field research 1987 to 1988. 

Percentage of 
dhasheeg parcels 

68.6 

15.8 

7.8 

7.8 

est quality, the land still characterized as being of caramaddow soil, but 
located on the extreme periphery of the dhasheeg. Purchased dhasheeg 
land is uncommon, and has occurred only when a farmer is moving away 
from the area and chooses to sell his land rather than gift it. Receiving 
dhasheeg land as a gift is equally rare, and in Loe has taken the form of 
either very long term borrowing (borrowing in perpetuity) or donations 
to important religious leaders in the community. Table 3.1 shows how cur­
rently held dhasheeg parcels were acquired by Loe farmers. 

Currently, although less than 10 percent of the farmland of Loe is dha­
sheeg, dhasheeg farms represent 28 percent of the total cultivated area, 
and 38 percent of the total number of cultivated parcels in Loe. These fig­
ures underscore the desirability of dhasheeg land for Loe farmers. 

Evidence of Differentiation in Dhasheeg Holdings 

Permanent access to dhasheeg land is virtually assured in Loe. Eighty­
eight percent of Loe households hold dhasheeg land; those who do not 
hold land are either very new to the community or have chosen not to ac­
quire dhasheeg land because their upland farms are extensive, dependable, 
and of good quality. Differences between households are found, however, 
in the quantity and quality of dhasheeg holdings. 

Although there is a strong correlation between the amount of land 
held by a household and the size of that household, no such correlation 
exists in regard to the amount of dhasheeg land held. Whether or not one 
is descended from one of the earliest settlers is a much more important 
determinant of the amount of dhasheeg land held. The average amount of 
total dhasheeg land held by the descendants of the earliest settlers is 2.6 
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hectares per household.8 The average amount held by everyone else is 1.7 

hectares per household. 
Differentiation is also seen in the quality of land. As discussed earlier, 

the earliest settlers claimed the best land. The best land in the dhasheeg 
is the land that is most accessible, not in the middle (which gets water­
logged) and not on the periphery (which may not receive enough water 
and where the black dhasheeg soil begins to mix with "white" doonk soils, 
which do not retain moisture well). Later acquisitions, and especially the 
most recent acquisitions, are of poorer quality. So although dhasheeg land 
continues to be accessible by request to the village council, the best dha­
sheeg land has been claimed for generations by the descendants of the 
first settlers. In the most extreme case, the vast majority of one dhasheeg 
is owned by one farmer in the village. His father was the first settler in the 
area, laying claim to about 6 hectares of a dhasheeg, encompassing the 
best land. He left only one son, the present owner, who has maintained 
control over the entire holding. 

Thus stratification of control over dhasheeg land is evident. Unequal 
access is seen in terms of quantity and quality of dhasheeg land held, with 
descendants of early settlers having better access due to inheritance. The 
stratification is mitigated by several important factors affecting access to 
dhasheeg land. First, the size of inherited parcels is declining over time. 
Dhasheeg land is the type of land most likely to be divided at inheritance. 
With continued high population growth, partible inheritance, and no out­
migration (or very little), the tendency to fragment parcels will certainly 
continue. The size of newly acquired dhasheeg parcels (through the village 
council) has increased over time, although the land is of poorer quality. 
Within the last ten years, and for the first time in Loe history, the average 
size of dhasheeg parcels inherited has been smaller than the average size 
of noninherited dhasheeg parcels. This tendency will facilitate an evening 
out of the amount (although not necessarily the quality) of dhasheeg land 
held per household, at least over the next decade or so.9 

A second factor affecting stratification is the practice of lending and 
borrowing land between households. Families try to hold land in differ­
ent areas to minimize risk in this unpredictable environment. All families 
depend on being able to borrow land from friends and relatives to meet 
seasonal needs, which will vary depending on factors of climate, labor 
availability, need for cash, and so on. In times of high flooding or heavy 
rainfall, farmers with extensive dhasheeg land but small upland holdings 
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borrow highland plots; in times of drought, families with small amounts 
of dhasheeg land borrow dhasheeg plots. Requests to borrow land are sel­
dom refused (I never heard of a request being denied), as the lender one 
season may need to borrow the next.10 

It is important to note that the farmers of the middle Jubba are sub­
sistence farmers. Here, stratification does not have implications for differ­
ential wealth accumulation; it does have implications for ability to ward 
off starvation. The main crop, maize, is grown virtually entirely for sub­
sistence, while small amounts of sesame seeds are sold to itinerant traders 
for cash to meet household needs. Household income for all Loe house­
holds is very low, and there is no accumulation of wealth. The reciprocal 
obligations involved in lending and borrowing are to avoid starvation, not 
to amass wealth. Thus, no farmer would refuse a request to borrow; to do 
so might very well jeopardize the subsistence of the would-be borrower's 
family. 

A third factor serving to equalize access to dhasheeg land is the exis­
tence of a swamplands "commons." The swampland (called siimow) is fed 
by underground water flow, which seeps into the area when the river is 
high. Agriculture in the siimow is very unpredictable, and thus the area 
was abandoned for permanent cultivation about thirty years ago. Since 
then, the adage that no one can claim private rights to land in the siimow 
has been in effect. Whenever the siimow is cultivable, farmers rush in to 
carve out and plant a parcel for the season. Arguments over boundaries 
are mediated by the village council, which oversees the seasonal use of the 
siimow. Planting is done on a first come, first served basis, and is equally 
open to all. The existence of an area of occasionally available dhasheeg­
quality commonly held land provides another means by which a farmer 
with little dhasheeg land of his own can obtain seasonal access. 

The existence of the siimow commons illustrates an important com­
ponent of dhasheeg agriculture in the middle Jubba. Different tenure sys­
tems apply to different areas under different climatic conditions, and these 
systems change with seasonally varying land use needs. As discussed, 
individual tenure applies to the cultivation of dhasheeg parcels when the 
basins are dry. When the basins are full, however, the dhasheegs become 
commons; anyone can fish, harvest lily tubers (an important food) and 
utilize the water in the dhasheegs wherever they wish.11 When full, dha­
sheegs are open to pastoralists for watering their livestock as well. When 
dhasheegs are dry, some aspects of communal control still operate. The 
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village council oversees the perimeter of the dhasheegs, retaining the au­
thority, on behalf of the community, to allocate land in these areas. Co­
operative work groups are the primary source of labor for constructing 
drainage canals and earthen dams at the mouth of the dhasheeg. When 
machinery must be hired to block the entrance to the dhasheeg to pre­
vent rising waters from entering and destroying maturing crops, everyone 
holding land in the dhasheeg must contribute toward the fee. And finally, 
the village council, and not some higher, regional authority, mediates dis­
putes between farmers regarding their dhasheeg land. Land disputes be­
tween village farmers are never taken outside the village. 

Government Intervention and Change 

The management of local water resources in Loe is relatively informal and 
based on the kind of face-to-face interaction possible in a small commu­
nity. There is no water-users association; rather, door-to-door collections 
are taken by a village council representative if money is needed to hire a 
tractor to create a drainage ditch or retaining wall. The only formal aspects 
of the system are the village council's authority to distribute land in dha­
sheegs and to mediate boundary and ownership disputes, particularly in 
the siimow. Because it is small-scale, localized, self-contained, and depen­
dent on natural river flow with only limited human intervention, dhasheeg 
agriculture is a relatively simple, household-based form of irrigated agri­
culture. Under local management, community interests and individual 
interests in dhasheeg agriculture are seldom in opposition, as two primary 
characteristics of dhasheeg agriculture are equity and risk reduction. 

In the late 1980s, state and foreign intervention in the indigenous 
agricultural practices of middle Jubba Valley farmers began to transform 
important aspects of local water use and management. Until then, the 
subsistence orientation, the practice of borrowing and lending land, and 
the maintenance of a swamplands commons ensured that all community 
members had access to vitally important dhasheeg land. The system mini­
mized risk and maximized flexibility in meeting seasonal land needs, and 
it ensured access to flooded land for a variety of uses. The land registra­
tion law (Law No. 73), passed in 1975, was just beginning to affect farmers 
in the middle Jubba ten years later. The law allowed only one parcel of 
land per family, disallowed the trading, lending, and selling of land, re­
moved the authority of the village council in land allocation and dispute 



64 Besteman 

mediation, and did not recognize the right of a community to hold areas 
of farmland in common. If enforced locally, the land law would have made 
many of the historically developed strategies of land use and land tenure 
in middle Jubba communities illegal. 

The most significant effect of the land law was to highlight the im­
portance of irrigable land in an era of significant foreign agricultural de­
velopment projects. Widely known plans for irrigation development in 
the Jubba Valley encouraged land speculation by individuals not from the 
area, introducing new forms of stratification between politically savvy out­
side investors and illiterate local farmers dependent on illegal (according 
to the land law) land use strategies. By 1988, for example, outside specu­
lators had claimed significant amounts of riverbank land, and one man 
had registered the bulk of the siimow in Loe, thus obtaining the legal 
right- unexercised in 1988-to bar local farmers from continuing to cul­
tivate there. 

With the fall of Somalia's government in 1991, a new avenue of land 
claims has emerged. Resistance fighters and militiamen are claiming irri­
gable land through armed force, superseding the claims of local farmers 
as well as speculators who had received title in the 1980s (African Rights 
1993). Resolving the resulting hierarchy of overlapping claims to valu­
able irrigable land will undoubtedly emerge as one of the most significant 
issues underlying Somalia's ability to re-establish its productive agricul­
tural base. If international monitoring organizations or a future Somali 
state have any role to play in this resolution, it will be to ensure local 
community involvement in the determination of effective and equitable 
dhasheeg land use and land tenure patterns. 
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Notes 

1. A very high flood in May 1987 covered most of the doonk land of the mid-valley 
village of Loe, where fieldwork was conducted. Yields on doonk land planted after the 
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floodwaters had receded were high, as this is the time when doonk produces best. That sea­
son farmers reported sesame yields of 0.72 quintals per darab (1 hectare equals 6 darabs) 
on doonk farms and 1.1 quintals per darab on dhasheeg farms. Maize yields were running 
about equal, although ten parcels of dhasheeg land with promising crops had not been har­
vested by the conclusion of my field research. In all probability, when all the harvests were 
in, dhasheeg farms most likely outproduced doonk farms for maize as well that year. It is 
important to remember that even if doonk land produces as well as dhasheeg land in sea­
sons following a heavy flood, dhasheeg land consistently produces more than doonk land 
in years characterized by no flooding or little rain, which occur about four years out of five. 

2. Although archaeological evidence indicates that humans have used the upper valley 
since the Middle Paleolithic Period (ca. 125,000 years B.P.), there is a gap in our knowledge 
of resource use in the valley from about 20,000 years ago to about 700 years ago. Tur­
ton's (1975) and Lewis' (1966) reconstruction of migrations, wars, and conquests of Somali 
and Boran (Galla) pastoralists over the past 700 years in this area, summarized here, is the 
most widely accepted thesis. 

3. Arguments have been made, primarily based on the Book of the Zanj, that the great 
kingdom of Shungwaya had its capital on the lower Jubba and that Bantu-speaking farmers 
lived in the valley prior to the eighteenth century. The most important proponent of this 
view is Cerulli (1934). For a recent review of the argument that the region called Shung­
waya, including the Jubba Valley, has "always ... been inhabited," see Pouwels 1987. Most 
scholars now doubt the existence of the Shungwaya kingdom (see Turton 1975). Although 
it is possible that agriculturalists lived in the river valley centuries ago, European explorers 
traveling up the river in the mid 1800s took note of the dense jungle characterizing the 
valley, indicating that agriculture had not been practiced there for at least a century. 

4. See Cassanelli (1982) for an excellent analysis of the emergence and growth of plan­
tation agriculture on the Shabelle. 

5. Menkhaus (1989) and Cassanelli (1989) are the best contemporary secondary works 
utilizing these documents. I rely on these sources for the present summary of early settle­
ment. 

6. Forest products such as wild animals, fruits, greens, honey, and fish continue to 
provide an important supplementary food source, especially during times of scarcity. 

7. East African ethnic identity was initially very important in determining village 
composition in the lower Gosha (Menkhaus 1989). Newcomers would seek out and settle 
among people from their East African homelands. By the early years of the twentieth cen­
tury, intermarriage, linguistic transition to Somali, religious conversion to Islam and other 
factors (discussed in detail in Besteman 1991) caused ethnic boundaries to blur and be­
come less significant in Gosha identity. 

8. Women rarely inherit land, and virtually never acquire it by other means. These 
figures thus more accurately represent the amount of land held by the male head of house­
hold, land that is used to support the household. 

9. Under conditions of finite dhasheeg land, rising population, and the commercial­

ization of agriculture it is, of course, likely that stratification of access could increase, after 
a certain threshold, due to competition for the valuable resource. By that time, inheritance 
may not be the key factor. 
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10. The period during which data was collected (1987-1988) was marked by a very 
high flood in May 1987. Fifty-three percent of Loe households reported lending upland 
plots during that season, and 40 percent reported borrowing upland plots. Following the 
flood, 28 percent of village households reported borrowing dhasheeg, and 25 percent re­
ported lending dhasheeg. The lack of a one-to-one correspondence is due to the fact that 
some households borrowed or lent more than one plot. 

11. Vonda! (1987) reports a similar pattern in Borneo swamplands. 
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-The Dry and the Drier 
Cooperation and Conflict in Moroccan Irrigation 

John R. Welch 

Successful reconstructions of human social evolution and plans for the 
future of an overpopulated globe depend, at least in part, on understand­
ing stress and the patterns of conflict or cooperation it provokes. In this 
chapter I examine a stress familiar to agrarian populations in arid re­
gions - water scarcity- as it is dealt with in four irrigation systems in 
the geographically unified, but ecologically and culturally diverse region 
surrounding the central Moroccan town of Sefrou (figure 4.1). The re­
gion's ethnographic records document irrigation strategies ranging from 
traditional, communally owned systems in the relatively wet, but infertile 
mountains, to larger, market-oriented systems fraught with competition 
over water. Responses to water deficits in the four systems appear to vary 
with the frequency and intensity of the stress, and cooperation is as com­
mon a response as conflict. These findings support a critique of Geertz's 
(1972) classic comparison of irrigation in Bali and Morocco, "The Wet 
and the Dry," wherein the author asserts that "agonistic individualism" is 
a Moroccan "cultural presupposition," an invariant aspect of the nation's 
human interaction that derives from water scarcity (this claim is expanded 
in subsequent work by Geertz, Geertz, and Rosen 1979 and Rosen 1984). 

Beyond criticizing Geertz, I examine the structure of the Sefrou 
drought response. In the descent from the smaller, wetter upland sys­
tems to the larger, drier lowland fields, increasing water scarcity causes 
greater competition until, in the lowest and driest system, cooperation re­
emerges as a dominant theme in stress mitigation and water use. Beyond 
the descriptive level, these patterns of unselfish cooperation and entrepre­
neurial competition appear to be structured hierarchically. Increasingly 
severe stresses provoke riskier and more costly responses; higher order at­
tempts at stress mitigation tend to limit the effectiveness of lower-order 
responses. Each step up the hierarchy of response options carries expo­
sure to new risk along with the promise of stress reduction. The concept of 
hierarchical response to living system perturbations developed in Slobod­
kin's (e.g., 1968) work provokes consideration of the temporal stability of 
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Figure 4.1 Location of the Sefrou region, Morocco. 

agrarian adaptations to arid regions. The severe decline in Moroccan food 
production that accompanied the recent drought (1981-1984) increases the 
study's "real world" relevance. Ethnographic and archaeological research 
into the range and effectiveness of drought-coping mechanisms in arid 
lands' irrigation systems is needed. 

The ecological and evolutionary framework adopted in this study dif­
fers from valuable work by Pascon (1977), Bouderbala et al. (1984), Ham­
moudi (1985), and Mahdi (1986). These analyses of the allocation of critical 
resources in irrigation systems point to economic and political histories 
as the primary determinants of behavior patterns. Data for a comparable 
analysis of the Sefrou region have not been obtained. 

Sefrou Agrarian Ecology 

The Sefrou region's environment is "characterized by a highly irregular 
and uncertain set of climatic conditions and a wide variety of microenvi­
ronments" (Geertz et al. 1979:8; see table 4.1). There are about 260 frost­
free days at 1500 meters above sea level. Annual precipitation ranges from 
300 to 1100 millimeters and occurs mostly from November through April; 



Moroccan Irrigation 71 

Table 4.1 Environmental characteristics of the Sefrou region, Morocco. 

Mountains Piedmont Lowland plains 

Elevation 1100-2500 500-1100 meters 100-500 meters 
meters 

Hydrology Abundant surface Numerous, Surface water 
water in springs, irregularly spaced confined to 
streams, lakes springs numerous wadis, 

a few perennial 
streams 

Settlement Hamlets and Villages and Towns and 
camps near camps around villages along 
water, pasture oases and shrines water courses 

Land Use/Users Transhumant Settled Berber Irrigated hor-
Berber pastoral- pastoralists ticulture, some 
ists supplement and irrigated dry farming; 
economy with agriculturalists urban markets; 
dry and irrigated with limited dry ethnic diversity 
cereal farming farming; some 

Arab population 

Limitations Less than 1/5 of Variable stream Variable 
land arable; stony and spring flow; stream flows; 
soils soils stony in socio-political 

places factors 

System Ait Sidi Musa Ain Sultan Sefrou and Lower 
Aggai 

midsummer is sometimes totally dry. The marked spatial, seasonal, and 

interannual variation in rainfall that Geertz identifies as the source of the 

confrontational nature of Moroccan socioeconomic intercourse is appar­

ent (see also Kacemi 1992). 

Social Patterns 

The town of Sefrou occupies an escarpment that separates the lower pied­

mont from the wetter, upland plains and the zone of Berber domination 



72 Welch 

from that of government control (Vinogradov 1974:38). Berber farmer­
pastoralist economies dominate the piedmont and mountains. Some Ber­
bers, along with Arabs, Jews, and Europeans, mingle in the more popu­
lous, fertile, economically specialized, and arid lowlands. Most of this 
discussion focuses on Berber ecology, but Arabs and others also partici­
pate in lowland irrigation. The two Berber subtribes examined here, the 
Ait Yusi (population 60,000 in 130 villages) and the Ait Mguild (popula­
tion 74,000), are territorial groups with segmentary, patrilineal-patrilocal 
organization (see Chiapuris 1979; also Vinogradov 1974; Miller 1984). 

Chiapuris (1977, 1979:58, 63) sees a Middle Atlas Berber unity de­
rived from linguistic, cultural, and environmental commonalities and a 
previous concern with territorial defense.1 Changing boundaries between 
groups serve to adjust populations to local resources, especially farmland 
and pasture (Chiapuris 1979:37). Kinship remains important in determin­
ing group affiliation, but membership today is more open. Territorial bor­
ders, once closely monitored and hotly contested, now change constantly 
with governmental decrees and private land transactions (Rosen 1979:24). 

Agricultural Patterns 

The people of Sefrou make a living through a combination of goat and 
sheep pastoralism, market and subsistence farming, and some manufac­
turing and trading. Agriculture has expanded in the last century as pas­
toral transhumance has been constrained by governmental policies and 
environmental degradation (Chiapuris 1979). The Ait Mguild cultivated 
7,300 hectares in 1936; by 1950, this figure had grown to 33,500 hectares 
(Raynal 1960:305). 

Four classes of agricultural land are found in the area: irrigated fields, 
dry plowlands, pastures, and less productive "no man's lands" separating 
Berber territories ( Chiapuris 1979: 68). Wheat is the staple crop, but a wide 
range of grains and vegetables is cultivated. Lowland plots are typically 
worth more than highland fields of the same size because of their easier 
access to markets, deeper soils, and longer growing seasons. Similarly, be­
cause irrigated fields• can be planted more frequently and produce good 
harvests more reliably than dry upland farms, the former are typically 
worth at least twice as much. Shorter fallow cycles are possible on irrigated 
land due to nutrients brought by irrigation, fertilizers introduced using 
movable corrals, and to more common intercropping. The impossibility 
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Table 4.2 Estimated seed inputs and yields (kg/ha) in the Sefrou region, 
Morocco. 

Lowlands Highlands 

Irrigated Dry Irrigated Dry 

Seed fields fields fields fields 

Crop input Yield Ratio Yield Ratio Yield Ratio Yield Ratio 

Hard wheat 90 540 1 :6 360 1 :4 630 1 :7 450 1:5 

Soft wheat 90 540 1:6 540 1 :6 630 1:7 450 1:5 

Barley 92 525 1:5 735 1 :7 525 1:5 420 1:4 

Maize 44 315 1:7 270 1:6 

Average 400 1 :6 545 1:5. 7 514 1 :6. 25 440 1:4.7 

Source: Data from Boyle 1977:121-127; see also Chiapuris 1979:75. 

of dry field double cropping means that-holding field size constant­
wet fields commonly produce at least twice as much per year. 

Boyle's (1977) study of the Ait Mguild illustrates patterns in Berber 
land tenure and transhumant cultivation. Table 4.2 describes the two cul­
tivated territories of the Ait Sidi Musa clan. Only six of the thirty house­
holds that Boyle studied had irrigated land at the clan's lowland farms; 
twenty-seven had irrigated fields in the highlands. Poorer households had 
less total land and, proportionally, even less irrigated land. Furthermore, 
smaller landholders used shorter fallow cycles. 

Even discounting irrigation system construction costs, labor input for 
irrigated fields is far greater in comparison to labor required in dry land 
farming. Dry fields need few water management inputs, receive less fer­
tilizer, and are tilled less. Wheat, fava bean, and lentil seed are broadcast 
on dry fields prior to a second plowing. Dry barley fields are plowed only 
after broadcasting. Irrigated fields destined for maize, chickpeas, or wheat 
are preplowed. On lowland farms, where vegetation invades fallow lands 
more quickly than in the highlands, additional labor is required for plow­
ing and weeding. The last notable difference in labor inputs is that farmers 
must descend periodically from summer herding camps to weed, water, 
and harvest lowland irrigated fields. 

For a given harvest, the yields from wet and dry fields may be compa­
rable. The critical difference is that the irrigated farms can be planted soon 
after harvest and be expected to produce equally consistently without fal-
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low. Yields from dry fields drop precipitously when the soil is not rested. 
Interestingly, Berber farmers' reliance on irrigated lowland farms seems 
to have occurred in the absence of absolute land shortages. Instead, this 
form of labor intensification may buffer circumscribed pastoralists against 
social and climatic uncertainty. 

Irrigation Patterns 

Two distinct types of water distribution are used in the Sefrou region (see 
Geertz 1972:34). In the mubih or "queue" distribution system, water and 
land are inseparable (see Glick's Syrian type; 1970:230). A landholder's 
water right is derived from kinship, and cannot be transferred indepen­
dently of land. Nor can the right holder's place in the queue be used to 
irrigate another plot. This inflexibility permits no commerce in land and 
water as separate commodities, thus encouraging continuous, intensive 
plot cultivation. 

The second approach, l-maa' bi-saa (water by the hour) is comparable 
to Glick's (1970) Yemenite type of irrigation and appears more attuned to 
market forces. Rights to the water source for a specified period are held 
separately from land and may be transferred ( through purchase or loan) 
for use on any plot. The volume delivered is a function of water flow 
over the time owned, and farmers engage in entrepreneurial maneuver­
ing to obtain sufficient water, especially during droughts. Field condition 
(i.e., degree of desiccation) is only considered in 1-maa' bi-saa distribution 
when water is abundant. In contrast, in queue systems, the length of time 
a landholder has access to water is dependent on the flow volume and the 
size and condition of the plot. Right holders at the head of the queue are, 
especially in dry years, in an enviable position to monopolize the irriga­
tion flow. 

Four Sefrou Irrigation Systems 

With this information as background, each system's organizational and 
technical means for capturing and allocating water and for coping with 
shortages can now be examined. Table 4.3 summarizes the four systems, 
arranging them from dry to driest, from highest in elevation to lowest, 
and from relative socioeconomic homogeneity to heterogeneity.2 
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Table4.3 Characteristics of four irrigation systems of the Sefrou Region, 
Morocco. 

Ait Sidi 
Musa 

Precipitation dry (1100 mm) 

Elevation high (1300 m) 

System size smallest 

(147 ha) 

Source stream 

Distribution queue 

Market role minimal 

Cash crop crops 
(vegetables) 

Population low 

Settlement camps 

Land and inalienable: 
water kinship-based 

Authority 1 part-time jarf 

Social lowest 
diversity 

Disputes rare 

Upland Irrigation Systems of 
the Ait Sidi Musa Clan 

Ait Sidi Sefrou Lower 
Lahcen Oasis Aggai 

driest (200 mm) 

lowest (500 m) 

large largest large 

(625 ha) 

springs Aggai River Aggai River 

timed combination combination 

olives only primarily cash vegetables 

olive trees 

medium highest high 

village around Sefrou villages outside 

springs and (30,000) ofSefrou 

shrine 

alienable: alienable: alienable: 

based on bought and bought, sold, 
fictive kinship sold and shared 

1 full-time jarf 5 full-time jarf 2 full-time jarf 

highest 

occasional constant common 

About half of the Sidi Musa clan's highland farms are irrigated with simple 
ditches leading from permanent streams. Irrigation is preferred, but most 
families also dry farm. Water distribution involves breaching one of the 
shallow ditches to allow water to run down cultivated slopes. Boyle (1977: 

122) estimates that 30 to 40 percent of the flow is wasted through ineffi­
cient distribution, but notes that there is enough water to meet most needs 
in most years. 
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Informal associations of farmers using particular ditches administer 
the Ait Sidi Musa system. The size of the associations ranges from four to 
twelve farmers, depending on ditch length. The group selects an irrigation 
chief (jar{) from the membership. The jari should reside near the ditch 
and be respected, energetic, and judicious. In addition to his own farm­
ing, the jari delegates maintenance tasks, supervises water distribution, 
and mediates disputes. If jarf mediation is unsuccessful, lineage elders, the 
tribal council, and-if the conflict remains unresolved-Morocco's civil 
authorities and regional and appellate courts may be called upon in turn. 
This is the first example of hierarchical response to stress. The means for 
dispute resolution can be seen as a series of increasingly costly and risky 
responses to persisting problems. 

Sultan's Spring (Ain Sultan) Irrigation System 

The second system is lower and slightly drier. The Ain Sultan spring is the 
water source for the approximately 400 households that make up the vil­
lage of Sidi Lahcen. Each household relies on an average of 2 hectares of 
dry and 1 hectare of irrigated land. Rosen (1979:31) observes that "most 
of the villagers attempt to keep three or four separate plots .... This dis­
tributes the risk of crop failure over several microecological niches." The 
size and quality of the plots are, in general, evenly distributed among the 
households. 

Irrigation is the foundation for the Sidi Lahcen economy. Most sub­
sistence crops are dry-farmed, but the 20,000 olive trees - the primary 
source for cas}:i-depend on irrigation: "Practically all the trees and land 
at Sidi Lahcen are private property ... the olive crop is essential for the 
purchase of goods from outside the valley" (Rosen 1979:31). The Sultan's 
spring is led to fields by a 6-kilometer ditch. The 1-maa' bi-saa distribu­
tion cycles through ten sixteen-hour days and twelve eight-hour nights. 
Turns in the cycle may be as short as fifteen minutes, and water must be 
available for the next user when the turn ends. That the allocations are 
timed in a fixed cycle suggests the evolution of "water by the hour" dis­
tribution from a queue type of system. 

Negotiations to minimize water movement between plots and to as­
sure prompt delivery are continuous. The haggling employs a vocabulary 
based on farmers' putative genealogical links to the village founders -
the developers of the irrigation system. Four of the ten named days are 



Moroccan Irrigation 77 

reserved for alleged founder descendants in upper villages, two days for 
descendants living in lower villages, and four for lineages lacking ties to 
founders. Each of these days is further partitioned by clan and family 
membership. Rosen (1979 :33) notes that this "conceptual system projects 
an overarching level of relatedness ... that serves to order the basic struc­
ture of the irrigation system at the same time it allows maximal adjust­
ment to ecological, political, and personal necessity." 

When there is consensus to begin the summer's irrigation, the water 
holders meet, elect a jari, and establish a starting point for the delivery se­
quence by lottery. Each water right holder is responsible for maintaining a 
stretch of the primary ditch proportional to his water rights. Land holders 
lacking irrigation rights have no maintenance duties. Because unirrigated 
land produces little in most years, water assets are, figuratively as well as 
literally, perceived as more liquid- and thus more valuable. The dispute 
resolution hierarchy is similar to that described for the Sidi Musa system. 

Town of Sefrou Irrigation System 

Lower and drier still is the Sefrou Oasis system. The five primary canals 
leading from the Aggai River in 1955 irrigated 1260 plots (Rosen 1979:115, 

118). Each canal feeds a discrete set of fields and is administered sepa­
rately. Both land and water are privately, rather than communally, held. 
The five irrigation chiefs are appointed by the Sefrou pasha and are occu­
pied full-time from March through October managing ditch maintenance, 
the blend of timed and queue distribution, and frequent disputes over 
flow allocation. Unlike jarf for the two upland systems, these men have 
legal authority to settle disputes, delegate maintenance tasks, and impose 
penalties for deviations from established procedures. For these reasons, 
and because they are responsible to the pasha, these jarf are accorded 
greater deference than in the uplands, and often use this status to their 
advantage in other social and economic domains. 

Individual plots receive what their owners ( and whoever feels like 
contributing an opinion) consider a thorough watering in a mubih cycle, 
but the river is allocated to each primary canal by the hour, using a 1-maa' 
bi-saa variant. Water shortages prompt greater interest in allocation by 
the individual farmers and subject jarf decisions to increasingly thorough 
scrutiny. Perhaps because of social heterogeneity and market penetration, 
the Sefrou irrigation system contains few kinship-based sources of organi-
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zational variability. This feature of the Sefrou system accounts for the ob­
servation that, despite a reliable water supply, "disputes are common and 
quite heated" (Rosen 1979:61): "An overall moral and legal code serves as 
the context in which individuals contract and contend with one another, 
adjusting their personal needs more through direct confrontation - a kind 
of agonistic individualism - than through elaborately constructed group 
relations." 

Unresolved disputes may be brought up at plot owners' meetings. If 
the dispute persists or escalates, an honored elder may mediate. Con­
tinuing dissension may then be taken, in turn, before the Sefrou pasha, 
the local civil governor, and the regional and national courts. Each step 
up this hierarchy brings greater public attention and increased potential 
losses of local autonomy and individual status. 

The Lower Aggai Irrigation System 

Below Sefrou the dwindling and increasingly saline Aggai River is virtually 
consumed by three more canals. Because of flow unreliability, all water is 
directed to the largest of the three canals (Al-glet) one year and divided 
between the two smaller canals (Beni Mansour, Dar Attar) in alternating 
years. Cash-economy forces are apparent: Olive trees must be irrigated at 
least enough to sustain them through years when their owners lack irri­
gation rights. Plots on the canal with rights in a given year are typically 
planted in maize and vegetables; hardy cereals are planted in plots slated 
to be dry. Farmers with irrigation rights during drought years can realize 
large profits on scarce, and, therefore, lucrative garden crops. These fac­
tors encourage efficient use of the meager flow by farmers with rights for 
the year. 

Mubih distribution is the rule, but important exceptions occur. Dur­
ing wet years, when the two smaller canals share the flow, Dar Attar re­
ceives two-thirds of each day's water, Beni Mansour the remaining third. 
Similar partitioning occurs on the Al-glet canal, with secondary ditches 
receiving proportionally smaller allocations. Compared to the other three 
systems, the more prevalent water scarcity in the Lower Aggai system 
means less reliable harvests. Farmers cope with this by constantly adjust­
ing the timing of irrigation, relaxing the alternating legal prerogative to 
the river, regularly sharing scarce water, and stooping to elaborate forms 
of deceit and theft (Rosen 1979:121-122). 
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Cooperation, Conflict, or Combination? 

Geertz's comparison of Balinese and Moroccan irrigation ecology con­
cludes that, "As a chameleon tunes himself to his setting ... a society tunes 
itself to its landscape ... To connect the restless irregularity of much of 
Moroccan life, the tense expectancy and the aggressive opportunism of it, 
to the uncertain, capricious climate is not, therefore to yield to vulgar ma­
terialism, for it is in part that climate that projects the aura of irregularity 
and tension" (Geertz 1972:38). Reminiscent of "national character" studies 
by Mead and Benedict, Geertz's poetic notion that "agonistic individual­
ism" derives from Morocco's aridity glosses over the links among social 
and environmental variables. In so doing, Geertz (1972:37) disregards his 
own good advice (1972:37): "environment is but one variable among many . 
. . . And it is one whose actual force must be empirically determined, not 
a priori declaimed." With interpretation as both the point of departure 
and the destination for Geertz's study, there is no appeal to epistemologi­
cal principles (see also Netting 1982; Foster 1986). Furthermore, the asser­
tion that an entire culture is basally eristic could be construed as racist. 

Cooperation in Sefrou Irrigation 

"The necessity for an ordered, predictable system of water allocation has 
divisive as well as cohesive potentialities" (Millon, Hall, and Diaz 1962: 

513). Water scarcity can and does foster both cooperation and conflict in 
irrigation systems (see Maass and Anderson 1978; Bolin 1990), and the four 
systems discussed here are exemplary in this regard. Geertz and Rosen, 
however, focus on the discordant effect of insufficient water and imply 
that conflict should increase as water grows scarce. 

Long-term studies of individual systems are required to fully assess 
this idea, but the comparisons drawn here offer some insights. Water 
scarcity and conflict increase concomitantly through the first three sys­
tems. But competitive behavior peaks (in the Sefrou oasis) before the low 
point of water scarcity (Lower Aggai) is reached. It is in the most drought­
prone system that cooperation resurfaces. Competition remains fierce in 
some Lower Aggai arenas, but it cannot escalate without the loss of valu­
able olive trees. Because the Lower Aggai olive trees require summer irri­
gation merely to survive, farmers from the division slated to be dry for a 
particular summer rely on the year's wet division to relax their rights to 



80 Welch 

the entire flow. If one division asserted their prerogative, they could ex­
pect the same treatment during the next drought. The olive trees would go 
thirsty; some would die, and no one would be richer or wiser for having 
exercised their rights. 

Also central to the Geertz and Rosen arguments is the assumption that 
water is treated as a commodity throughout Morocco. Geertz (1972:36) 
asserts, "private ownership of water is the organizing principle, a principle 
developed to levels of legal complexity which stand in marked contrast 
to the technical simplicity of the actual system." Because Geertz provides 
few historical or political data to support this argument (cf., Geertz 1963), 
the attribution of agonistic individualism to privatization is unconvincing. 
Another problem in this regard is that neither Geertz nor Rosen consider 
the implications of mubih distribution, in which individual's irrigation 
rights are usufruct and water and land are inalienable. Mubih is the rule 
in the highest system, where self-promoting maneuvers are discouraged 
through collective water ownership. The land is owned by individuals, but 
is virtually worthless without water. Irrigation rights are unavailable to 
farmers who fail to fulfill obligations to the collective. The Lower Aggai 
system indicates that queue-type allocation can serve diverse individual 
and collective goals even in a large system. 

Cooperation rather than individualism prevails in all successful irri­
gation systems (Lees 1989; Bolin 1990), and a consideration of the many 
forms of cooperation central to Moroccan irrigation further challenges 
Geertz's lax methods and interpretive conclusions. In Sefrou, communal 
crop harvesting and transport, irrigation facility maintenance, and reli­
gious brotherhoods create multidimensional ties between individuals (for 
another Moroccan example, see Herzenni 1994). These ties supplement 
kinship links in systems that might be considered more traditional; they 
replace or coopt blood relationships in social contexts less structured by 
kinship. 

Even as farmers retreat from kinship-based cooperation, economic 
relations (even those between members of unrelated clans) continue to be 
processed through a kinship idiom (see Boyle 1977). Lineage, religious, 
and tribal affiliations persist as significant determinants of patterns of eco­
nomic interaction and land ownership in the Sefrou region, especially in 
circumscribed oases and pastures. Furthermore, economic gains invari­
ably radiate along ties based on such affiliations. There are noncontrac­
tual, status-based aspects of all of these interpersonal ties, and these re-
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lationships help to define cooperative and competitive responses to water 
scarcity and other stresses. Competition is but one side of Sefrou irriga­
tion, one perspective on a complex situation. Agonistic individualism may 
be only the most striking aspect (to an outsider) of the region's socio­
economic process. Geertz rightly considers water scarcity as a powerful 
determinant of patterns in behavior and world view, but his failure to ex­
amine cooperation and other possible determinants invites criticism. 

Ecology, Evolution, and Adaptive Response 

Regardless of their focus on material conditions, symbol systems, or other 
factors influencing behavior, anthropologists' conclusions should be well 
grounded in empirical data. Geertz's interpretive approach assumes adap­
tation in its search for webs of meaning. In contrast, ecological and evolu­
tionary approaches generally avoid submerging empirical observations in 
the murk of semantic coherence. Such positivist studies grapple with the 
complex present - often in pursuit of information useful in inferring as­
pects of past behavior or discerning future needs (see Raikes 1967). People 
do not live by the integration of their symbolic structures alone, and it 
seems reasonable to request that understanding and promoting adaptation 
be given priority over elegant interpretive excursions (see Netting 1982). 

The concept of adaptation is common ground for ecological and evo­
lutionary anthropology. Slobodkin's (1968 :202) definition of adaptation -
a living system is adapted to the extent that it maintains homeostasis in 
response to stresses (selective pressures) without sacrificing the capacity to 
respond to subsequent stresses-brings static ecosystems into the evolu­
tionary realm of selective pressures and differential survival. Slobodkin's 
predictive theory of adaptation holds that organisms faced with growing 
(or undiminishing) stress will employ more costly responses. This frame­
work provides both theory and method for analyzing stress response (see 
Minnis 1985). 

The Sefrou data constitute an appropriate case for applying Slobod­
kin's framework for at least three reasons. First, water availability is a sig­
nificant problem. Precipitation shortfalls result in poor harvests for that 
year and can seriously deplete the groundwater reserves upon which sub­
sequent harvests depend (Kacemi 1992). Second, irrigation is central to 
Morocco's food supply and to the long-term success of individuals, house­
holds, and communities. Farmers surveyed by Boyle (1977:149) "claimed 
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a twofold to threefold difference in yields on irrigable land between good 
and bad years, a fivefold to sixfold difference on dry land." Although 
groundwater-based irrigation systems (e.g., Ain Sultan) are preferred due 
to greater resistance to drought, most systems rely on the less predictable 
surface flows. Third, each of the four Sefrou systems includes hierarchical 
structures for response to water scarcity. Drought-resistant cultigens are 
planted. Smaller amounts of land are plowed and seeded. Water may be 
stored "in the soil" by avoiding tillage. Water capture and delivery effi­
ciency are enhanced by cleaning canals and springs, building higher and 
sturdier banks to curb losses to evaporation and infiltration, or irrigat­
ing through the night. The length of turns can be more closely monitored 
or decreased across the board. Rosen (1984:63-65) even describes a hier­
archy of prayers employed to deal with water scarcity. The sequence runs 
from everyday preemptive requests, through stronger cycles to interrupt 
dry spells, and into religious petitions so forceful that the people recog­
nize the risk that destructive floods, rather than healing rains, may answer 
their appeals. 

When these responses to water scarcity fail, elaborate forms of theft 
and deceit may emerge; increasingly formal and institutionalized means of 
conflict resolution may be called upon. Such a cycle of escalating responses 
to stress may eventually entail radical and irreversible social alteration. 
Each of the Sefrou systems includes means for mediating disputes over 
land and water, first by individuals, then by jari, then by local notables and 
authorities, and finally by regional and national courts. These variations 
on the hierarchical response theme underscore the wide range of options 
available to farmers concerned with water scarcity. From this perspective, 
the Sefrou systems seem generally well adapted in terms of their stress­
coping capacity. 

Hierarchical Response and Differential Survival 

Prolonged drought is clearly among the many challenges separating sus­
tainable strategies from those less well-adapted. Documenting the variable 
effectiveness and resilience of subsistence strategies where water scarcity 
is a primary limiting factor contributes insight into the development of 
human economic strategies and our ability to feed growing populations 
in arid lands. Anthropologists need better techniques for understanding 
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the evolutionary bottlenecks that Weins (1977) calls "crunch periods," and 
Slobodkin's (1968) concept is one promising avenue. 

The Moroccan data indicate the utility of hierarchical response for 
organizing and comparing information on irrigation systems and suggest 
the potential benefits of expanding the analysis through ethnographic and 
archaeological studies. As analytic units, irrigation systems are superior to 
villages because of the clear connections to soil, climate, hydrology, tech­
nology, and social groups (Brunhes 1902; Kelly 1983). Ties to conflict and 
risk management structures are also apparent, particularly in arid lands 
(see Steward 1955; Lees 1974; Hunt and Hunt 1976). 

A detailed study of irrigation system responses to water scarcity might 
profitably employ a Slobodkin framework for data collection and analysis. 
The results of long-term fieldwork could be integrated with information 
on variations in climatic, hydrological, and technological factors. Col­
lecting detailed data on the magnitude, duration, and frequency of water 
scarcity, along with the costliness, effectiveness, and implications of re­
sponses would refine and quantify definitions for variables central to Slo­
bodkin's theory. 

Such an analysis of irrigation ecology would be valuable for several 
reasons. First, if Slobodkin's approach proves useful, anthropology would 
benefit from a definition of adaptation that integrates ecological and evo­
lutionary approaches appropriate for analyses on a human scale. Second, 
because irrigation systems are material representations of social institu­
tions and behavior patterns, archaeologists involved in their study could 
expand and strengthen inferences about ancient institutions and behav­
iors. Even acknowledging the importance of historical depth in analyses of 
irrigation systems, a vast gap remains between the pressing need to study 
the differential success of agrarian strategies and the scattered scraps of 
crockery, cutlery, and architecture that make up the archaeological record. 
We know little about the demographic, economic and organizational in­
formation encoded in irrigation system layout and technology. Bridging 
this gap will entail carefully focused fieldwork with living, functioning 
irrigation systems -irrigation ethnoarchaeology: "There is a great need 
for mapping present day systems ... and relating to them the social sys­
tems concerned .... Having done that, it should be possible to determine 
whether a social organization receives its essential structure from factors 
outside irrigation needs" (Downing and Gibson 1974:x-xi). 
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Archaeology could, through this type of research, contribute to the 
study of sustainable adaptation, thus distancing the discipline from an 
earlier, more academic and antiquarian preoccupation with the splendors 
of ancient civilizations. Long-abandoned systems could provide caution­
ary tales as well as innovative strategies for dealing with nagging prob­
lems of fluctuating food and water supplies. In light of the severe drought 
that crippled North African agriculture in the early 1980s, research into 
extant irrigation systems should be tailored to complement development 
programmers' repertoire of technological and organizational strategies 
(Stockton 1988). 

Concluding Thoughts 

Irrigation agriculturalists have long attracted social scientists equipped 
with diverse methods, theories, and goals. This chapter has argued for 
the potential and need for research focused on the ecology and evolution 
of arid land agricultural systems. This focus, unlike the interpretive ap­
proach critiqued here, promises to help us to improve life where drought 
constitutes a prominent hazard. Too seldom are ecosystemic intricacies 
studied in conjunction with information on selective factors and adap­
tive responses in tightly defined behavior systems. This comparison has 
demonstrated the complexity-abstracted to the point of oversimplifica­
tion by Geertz-of Sefrou irrigation. Slobodkin's theory of hierarchical 
response to stress has been useful in examining the Sefrou systems and 
merits further operationalization. The collection of quantified data on 
water scarcity and irrigation system coping mechanisms are appropriate 
directions for irrigation research in Morocco and elsewhere. The causes 
and consequences of variability in stresses and responses in living systems 
must be studied as a baseline for tracking the course of human socioeco­
nomic evolution. Even if the data collected are inconsistent with Slobod­
kin's theory, the resulting technical and analytical methods will help to 
integrate ecological and evolutionary approaches. 
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Notes 

1. The antiquity of communal land tenure and its ties to "traditional" as opposed to 

market-oriented economies are mentioned several times in this chapter, but these issues 

are too complex to address adequately here (for historical background see Gellner and 

Micaud 1972). 

2. The uneven quality of the data employed will not support quantitative comparison 

of the four systems' productivity and sensitivity to climatic variation. 
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-The Political Ecology of Irrigation in 
an Andean Peasant Community 

Paul H. Gelles 

Irrigation technology and water management, together with terracing, 
camelid herding, and the vertical control of different ecological niches 
facilitated the development of pre-Columbian indigenous empires in the 
rugged environment of the Central Andes. Today, irrigation remains a 
fundamental component of production in thousands of highland commu­
nities in Peru, Bolivia, and Ecuador. My view is that analysis of productive 
systems such as those found in highland irrigation requires that we go 
beyond technical, economic, or ecological considerations. These systems 
must be understood in terms of the cultural models that encode their 
implementation and the relationship of these models to political forces 
at the local, regional, national, and international levels. In this chapter I 
use such a perspective to understand the political ecology of irrigation in 
Cabanaconde, a large peasant community in southern Peru. 

The way I use the concept of political ecology stresses that human 
interaction with the environment is mediated by political and cultural 
forms and forces.1 Cabanaconde has made a sustained series of attempts to 
expand its hydraulic resources since at least the turn of the century; some 
attempts have been successful, others not. These communal initiatives, 
and local Andean systems of production in general, must be understood 
within the larger political economy and cultural politics of the Peruvian 
state. Huge development projects oriented to large-scale coastal agricul­
ture contrast with the relatively small, often times non-existent, efforts to 
develop the hydraulic potential of the highlands. As I show in this chap­
ter, the coastally based national economy's need for highland water has 
wide-ranging political effects at the local level. 

The focus of my chapter is the local perception, management, and de­
fense of water resources and other common property, and the ways that 
these local factors condition state and community relations. I examine 
water politics and community mobilization at three levels. First I address 
the cultural construction of water at the local level and the way this is tied 
to annual attempts by the community to expand its hydraulic resources. 
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Next, I explore regional factors that impede or facilitate the exploitation 
of hydraulic resources on communal territory. The final level of analysis 
concerns the manipulation of communal resources by the state and by an 
international consortium, and the local response to this. 

I conclude with a discussion that places state and local initiatives to 
manage and expand hydraulic resources within a larger cultural politics 
between the coast and highlands in Peru. As my chapter demonstrates, 
local irrigation practices in the highlands, chronically ignored or chal­
lenged by the irrigation bureaucracies of the Peruvian state, are related to 
a wide range of semantic and social fields of community life. Maintenance 
of ethnic identity and resistance to the secularization, monetarization, and 
control of water management by the state are expressed in the continued 
use of local models of irrigation.2 And as we will see in the case of the 
large, state-sponsored Majes canal, less subtle forms of peasant resistance 
and mobilization also challenge the prerogatives of the Peruvian state and 
"irrigation development." 

Cabanaconde 

Cabanaconde, located at 3270 meters above sea level in the Colca Valley 
(Province of Caylloma, Department of Arequipa), is the largest commu­
nity of the Colca Valley (figure 5.1). The people of Cabanaconde, number­
ing upwards of 4000 people at present, are bilingual Quechua and Span­
ish speakers. The community is clearly the product of Peru's "colonial 
matrix" (Fuenzalida 1970), which brought together indigenous and Euro­
pean social, cultural, and political forms to constitute a new and unique 
entity. Today, the Cabanefi.os distinguish themselves ethnically from other 
groups in the southern Peruvian Andes, and even from other groups of 
the Colca Valley.3 Although Cabanaconde, unlike many other highland 
communities in Southern Peru, has not been brutalized by the Peruvian 
military or by Shining Path, the reverberations of the dirty war make 
themselves felt there, as do many other political and economic forces.4 

One hundred percent of Cabanaconde's agriculture is irrigated, the 
water coming from the Majes canal (described below) and the snow melt 
of Hualca-Hualca, a 6000-meter-high peak. Hualca-Hualca Mountain, 
alongside "Earthmother" and figures in the Catholic pantheon, is a prin­
cipal deity and the object of much worship. Twenty-four hours a day for 
several months a year, irrigation water descends the Hualca-Hualca River 



90 Gelles 

h Lianca• 
oco 

Huambo' 
■ I 

- - - Edge of high pastures 

1///4 Cultivated fields 

4 Madrigal 

.i f O 5 
Pm ch ol lo NI ~ 

kilometers 

Figure 5.1 Cabanaconde, Peru, and surrounding area. 

and passes directly through a series of canals to the more than 1200 hect­
ares of terraced fields presently cultivated in Cabanaconde. 

The perennial Hualca-Hualca River, together with the relatively gentle 
slope and warm microclimate of the Cabanaconde Valley, have always 
attracted extractive states. Archaeological studies reveal that the ethnic 
groups of this region had been part of at least two pan-Andean empires, 
Wari and Inka, before the arrival of the Spaniards (de la Vera Cruz 1987).5 

A large part of the pre-Inka agricultural infrastructure built in the area of 
Cabanaconde, especially canals and terraces, was expanded upon during 
Inka times (de la Vera Cruz 1987). Many of the canals, as well as hundreds 
of hectares of cultivated terraced fields, were abandoned after the Spanish 
invasion. During the early colonial period, the population was reduced by 
more than 80 percent.6 

The population only began to recover rapidly in the mid-18oos. The 
number of Cabanefios more than doubled over the last century, rising 
from some 1,796 inhabitants in 1876, to 2,960 in 1940 and 3,421 in 1981 
(Cook 1982:41, 84; Denevan 1987:17). The Ministry of Agriculture (1987) 
estimated that there were Boo families and a total population of 4000 in 
1987.7 Population pressure has led to outmigration. There has been a con­
siderable amount of seasonal and permanent migration since at least the 
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early part of this century, perhaps best evidenced by the Provincial Clubs 
of Cabanaconde operating in both Lima and Arequipa by the 1940s. Yet, 
Cabanaconde has experienced increased rates of outmigration since 1965, 
when a road reached the community. Today, there are large migrant colo­
nies of Cabaneftos in Arequipa, Lima, and Washington, D.C., estimated 
to have 1000, 3000, and 300 members, respectively. The provincial clubs 
formed by migrants in these cities are very much a part of the life of the 
community, and have intervened decisively in conflicts between the com­
munity and outside interests.8 

Ecology and Irrigation 

Cabanaconde lies on the arid west side of the Andes and is oriented 
toward the dry desert coast. The territory of Cabanaconde is environmen­
tally diverse, with production zones ranging from 2,000 to 4,500 meters 
above sea level (figure 5.2). In the Colca Canyon at 2000 meters, the 
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farmers cultivate fruit, alfalfa, and cochinilla (small insects that contain a 
red colorant that is sold commercially). In the high pastures, located at 
between 3800 and 4500 meters, alpaca, llama, sheep, and cattle herds are 
kept. These different ecological floors or "production zones" (Mayer 1985) 

are all within a day's walk of the community, constituting a classic case of 
"compressed verticality" (Brush 1977). The bulk of agricultural produc­
tion takes place between approximately 2900 and 3350 meters, where the 
"Cabanita maize," famous for its taste and quality, is grown. There are over 
1200 hectares of irrigated lands in the main fields, approximately three 
quarters of which are dedicated to this maize. All agriculture in Cabana­
conde is irrigated, and irrigated land is the central source of wealth in the 
community, providing a valued commodity (Cabanita maize) for subsis­
tence and trade. 

The Hualca-Hualca River picks up water from supplementary sources, 
including the Majes canal, as it winds it way down from the snow melt 
of the looming Hualca-Hualca Mountain. River water in Cabanaconde 
passes directly and continuously to the fields (figure 5.3), and unlike other 
Colca Valley communities, nocturnal irrigation is practiced.9 Reservoirs, 
used for storing water at night in other communities, are not a feature 
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of the system here. Annual rainfall is extremely variable in Cabanaconde, 
and periodic drought occurs in this area of the Andes.10 

Although the heads of households and the water authorities are pre­
dominantly men, both men and women are skilled and active in irrigation 
from a young age. There were some 865 irrigators ( usually heads of house­
holds) in Cabanaconde in 1980, according to the Ministry of Agriculture. 
They are organized in a water-users association, the Irrigators Commis­
sion, which is made up of local community members and which decides 
the irrigation cycle. The irrigation cycle determines the planting schedule 
and other agricultural activities, and is an important arena of social inter­
action. Family and interfamily ties and alliances, as well as disputes over 
land, are often expressed in water use- one waters land that one intends 
to seed. In these conflicts water can be used as a weapon: A slight turn of a 
rock can send water streaming into the already irrigated plot of an enemy, 
destroying the small plants. 

Scratches and Gouges, Community and State 

Power is inscribed in Cabanaconde's landscape in the form of water supply 
systems. In some places the inscriptions are fresh. Others are well routed 
from years of heavy use, and still others have been almost entirely erased. 
While the Peruvian state began to intervene in the irrigation practices of 
the community as early as the 1940s, it is only during the last twenty-five 
years that state influence in local water control has grown considerably. Yet 
since at least 1916, communal attempts have been made to secure a greater 
supply of water in order to expand the area of cultivated land. Some of 
these efforts have been successful; many others have not. The principal 
means of expanding the annual availability of water have been the clean­
ing of the high springs that feed the Hualca-Hualca River, through the 
maintenance and rehabilitation of canals built in pre-Columbian times, 
and through seeking out new sources of water. The latter includes the at­
tempts to gain water from the contested area of Huataq and the opening 
of the Maj es canal in 1983. 

The ancient canal of Huataq represents a massive undertaking, surely 
the work of the organizing force of the Inka Empire. The Majes canal in­
volved not only the modern Peruvian state, but an international consor­
tium. At the other end of the scale, small scratches next to the large gouges 
of Huataq and Majes, are the very small springs and channels of water 
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at the high end of the Hualca-Hualca River Basin that are dug out every 
year to increase the flow of water. In between these two extremes there are 
the heavily used canals, intakes, and secondary canals of the fields them­
selves. Although these canals receive constant minor and occasional larger 
modifications, they have been in continuous use for at least five hundred 
years. Here, too, power is inscribed in the different culturally determined 
forms of distribution that guide their use today. Let us examine each one 
of these inscriptions. 

Cabaneno Ethnohydrology and 

the Local Model of Irrigation 

The first of these hydraulic domains concerns the cultural construction 
of water and power that structures, in large part, the local form of water 
distribution. It is impossible to overstate the symbolic importance of irri­
gation for the Cabanefios- it pervades their lives, and is cause for great 
joy and great suffering. The multitude of irrigation-related offerings to 
Hualca-Hualca Mountain, the festivities and rituals associated with the 
irrigation rounds (yakutinkay), and the solemnness with which I was 
repeatedly told "we owe our lives to the water" ("el agua es nuestra 
vida") all convey the symbolic and emotional centrality of irrigation water. 
The Cabanefios are also proficient hydrologists who possess a vast store 
of technical knowledge concerning water flows, subterranean filtration, 
canal and terrace construction, and the changing chemical properties of 
water at different times of the year. This knowledge, combined with reli­
gious ideas concerning the correct ritual formulas for fertility, abundance 
of water, and personal safety is what I call "Cabanefio ethnohydrology," a 
variant of "Andean ethnohydrology" (see Sherbondy 1982). 

The cult of Hualca-Hualca Mountain, a principal deity and the ob­
ject of much worship and ritual for the people of Cabanaconde, is an­
cient. In 1586 the ethnic lords of the ancient Cavana polity told a Spanish 
crown official that their ancestors emerged from Hualca-Hualca Moun­
tain, the source of their irrigation water. The same document states that 
the Cavana people dutifully worshipped her (Ulloa Mogollon [1586] 1965). 

Beliefs about origins in, and worship of, mountains and other sources of 
water is an ancient and widespread characteristic of many ethnic groups 
in the Andes (Sherbondy 1982; Reinhard 1985). Today, the irrigation and 
ritual practices associated with the cult of Hualca-Hualca Mountain are 
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exemplified in what I have elsewhere called the "local model" of irrigation 
(Gelles 1994). 

During most of the yearly distribution cycle, water management is in 
the hands of two men who carry snake-headed staffs of authority and 
often have flowers adorning their hats. They alternate, each spending four 
consecutive days and nights in the fields "together with the water." These 
are the water mayors (yaku alcaldes), the men responsible for the distribu­
tion of irrigation water. They are at the center of the local model of dual 
organization and distribute water to the lands classified as belonging to 
their moiety, either "anansaya" or "urinsaya." 11 

The ritual attainment of fertility and the symbolic control over the 
sources of water through worship of mountain gods and the earth are 
crucial aspects of the local model, and its rationale and practice must be 
understood in terms of these. Water comes from Hualca-Hualca Mountain 
and is therefore sacred. Water, however, can also bewitch, and can even 
be deadly to those who do not carry out the proper rituals. An overriding 
conceptual dualism that seeks equilibrium through the complementarity 
of opposites is another fundamental part of this cosmology. Historical 
evidence demonstrates the great time depth of these different conceptual 
domains. They continue to inform many other activities besides irriga­
tion, such as herding and health care, as well as communal, family, and 
gender ideologies. 

Irrigation structures the private and collective calendars of the Caba­
nefios during much of the year. It gives life to their terraced fields and to 
many of their conversations, and- as evidenced in the centuries-old cult 
of Hualca-Hualca Mountain-water is a basic part of their ethnic and 
communal identities. Mountains are gendered, and for the Cabanefios it is 
generally female mountains who provide water. Indeed, Hualca-Hualca is 
today referred to as the "mother" of the town. In Cabanaconde, unlike 
in other highland regions where people conceptualize irrigation water as 
semen or blood, water is likened to mother's milk, another essential, life­
giving fluid. Cabanaconde also differs in that it has no "mother canal" or 
"mother reservoir" that is ritually cleaned by all of the irrigators as in the 
"Water Fiesta" described for many other parts of the highlands, and even 
other Colca communities.12 Unlike the single eight-day communal cathar­
sis associated with the spiritual and physical cleansing of the canals in 
the Water Fiesta, Cabanefio irrigation rituals are carried out by the water 
mayors and the irrigators throughout the distribution cycle. Previous to 
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the advent of the Majes water in 1983, however, there was a ritualized 
communal work project that in some ways resembled the Water Fiesta de­
scribed for other communities. 

The Journey to Hualca-Hualca 

Until 1983, the Journey to Hualca-Hualca (la Salida a Hualca-Hualca) was 
an annual event involving the entire community for the explicit purpose 
of increasing water availability for irrigation. This was accomplished by 
physically cleaning the small tributaries to Hualca-Hualca River. Avail­
ability was also enhanced by the ritual appeasement of the mountain 
through individual offerings. Because of its ritual nature, the "salida" re­
sembled pilgrimages made to sacred mountains by other communities in 
the southern Andes (Sallnow 1987). In Cabanaconde the purpose of these 
rituals was to honor the mother mountain of the community, create an 
abundance of water, and secure the personal safety of the irrigators. 

Communal authorities decided the date of the expedition, which 
would happen between the months of September and November. It often 
occurred twice a year, especially during drought years. "It used to look 
like an army," as one man put it. The townspeople, organized into their 
respective quarters (cuarteles), would march with mules and burros over 
15 kilometers and up 2000 vertical meters (see figure 5.1) to clean the 
small rivulets or water channels (sanqas) that emerge from the high slopes 
and furrow down through the boggy irrigated pastures (bofedales) to the 
Hualca-Hualca River. Although the first record I have of these expedi­
tions is 1922 (BMC), this annual pilgrimage is most likely an ancient fea­
ture of the ritual and irrigation complex associated with Hualca-Hualca 
Mountain. 

A good part of the community used to make this march, remaining 
at the foot of Hualca-Hualca for three days. Not only would the partici­
pants dig out the small furrows on the lower slopes, but they would also 
climb to the snow of the mountain itself at around 5,500 meters. Here they 
had to cut a central channel through the snow, as well as other smaller 
furrows to redirect the snowmelt to the main channel, thereby increasing 
the overall volume of water. The work was strenuous. "You'd hit the snow 
three times with your pick, and you'd be out of breath," as one informant 
put it. Many people were known to faint, become ill, and even die. Indeed, 
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in November 1934, a state representative who arrived to "organize the irri­
gators of the district" was told by the communal authorities that "the 
small flow of water to irrigate the fields each year is due to the efforts of 
this Town's inhabitants, who, making great sacrifices on the snow-covered 
mountain Hualca-Hualca, toil in the snow for eight days and at times even 
longer. It is well known that all who go there become snow-blind and 
gravely ill, many heads of family having passed away in the sacrifice to in­
crease the waters" (BMC). 

Ecologically and ritually, this annual cleaning is very different from 
the Water Fiesta of other communities. First, in Cabanaconde the collec­
tive labor of the community was mobilized to secure and increase supple­
mentary sources of water by the opening of the sanqas, rather than to 
clean a major canal. The ritual aspects of the journey also differed from 
those found in the Water Fiesta of other regions in that major rituals were 
not carried out by communal authorities, but rather each family prepared 
its own offerings, leaving them in the snow or at the foot of the mother 
mountain. The Journey to Hualca-Hualca has not been made since 1983, 
when the water from the Majes canal was secured by the community. 
Many people with whom I spoke lamented the water lost by not going to 
Hualca-Hualca, also noting that these cleanings used to build solidarity 
among the townspeople, solidarity that spilled over into other commu­
nal venues. Ironically, the courageous effort to open the Majes canal (see 
later discussion), one that required great communal unity, brought to an 
end the salida-part work party, part pilgrimage-and with it an annu­
ally renewed solidarity. 

The Ancient Canal of Huataq 

In addition to these communal efforts, conflicts between the community 
and regional forces have great impact on the availability of water. An ex­
ample is the case of Huataq, a spring with over 600 liters per second 
that exists in the high pastures (at about 4,500 meters) of the community 
(figure 5.1). Since at least 1916, the community has attempted to rebuild 
through communal work projects the 35 kilometers of canal that, during 
Inka times, apparently brought water to what were then cultivated lands.13 

In the early 1980s when this project was renewed in earnest with every 
sign of success, political manipulation by powerful individuals in Are-
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quipa-including Ministry of Agriculture officials related to landowners 
in the neighboring community of Lluta and further downriver who also 
use Huataq's waters- brought the project to a halt. 

Competition between communities over highland sources of water is 
often intense, and was also an important factor here. The neighboring 
community of Lluta, which also uses the Huataq waters, has fought legal 
and even physical battles with Cabanaconde over these waters since at 
least 1933. In that year there was a trial over Huataq, and in 1937 the en­
tire town of Cabanaconde went "to take possession" (BMC). Attempts by 
the Cabanefios to repair the ancient canal throughout the 1930s, 1940s, 
and 1950s met with continued opposition from Lluta. The struggle be­
came especially intense in 1968. Each community had National Decrees 
to demonstrate their lawful possession of the Huataq waters, and each 
accused the other of trying to steal the water. Cabanaconde pointed to 
the pre-Columbian canals of Huataq, "which have been used by Cabana­
conde since time immemorial ... at present the liquid element remains 
in the pastoral lands of Cabanaconde" (BIC). The mayors of Lluta and 
Cabanaconde each presented the subprefect of the province with docu­
ments asserting their rights to the water. The waters of Huataq were then 
legally divided into three parts, two for Cabanaconde and one for Lluta. It 
was agreed that Lluta would not make another canal or attempt to gather 
more water from Huataq until Cabanaconde finished a canal to take water 
from Huataq to the town's fields. 

The conflict, however, did not die there. In September 1969 Cabana­
conde denounced the people of Lluta "for the abuses committed to the 
waters of Huataq" (BMC). In 1971 a contradictory resolution appeared 
that stated that the waters of Huataq belong to Lluta. In December 1979 
the legal battle had shifted again, this time in Cabanaconde's favor: "the 
transfer of the Huataq waters ... was favorable" (BMC). Other resolutions 
soon appeared, however, and the ultimate status of the Huataq waters has 
yet to be decided. In 1988 Lluta was still threatening violence should the 
Cabanefios renew their efforts to divert this water. 

The numerous and contradictory national decrees about Huataq dem­
onstrate the capricious nature of state intervention in highland water 
politics. And in this case, some of the most powerful representatives of 
the state in the Ministry of Agriculture were in fact beholden to regional 
elites with a personal stake in the Huataq waters. These obstacles did not, 
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however, diminish the Cabaneii.os' resolve. As late as 1985, and even after 
having gained access to the waters of the Majes canal, the community con­
tinued to send engineers and communal work parties to rehabilitate the 
ancient canal of Huataq. Because of political influence, the conflict with 
Lluta, and the fact that this project clearly demands the logistical support 
of the Peruvian state, the Cabaneftos never completed this difficult job. 
The community did prevail in a different case, however, and when it did, 
the Huataq waters became an important bargaining chip. 

The Majes Canal 

Another source of water, as well as of contention, is the large canal built 
by the Majes Consortium in the late 1970s. This canal, which pipes high­
land water to the arid coast, passes through communal territory. As figure 
5,4 shows, the map elaborated by this billion-dollar development project 
neglected to show that in the path of the proposed canal lay more than a 
dozen communities and tens of thousands of peasants. This is symptom­
atic of the regard that Maj es and the Peruvian state had for the inhabitants 
of Cabanaconde and the Colca Valley. 

The role of the state is clear. As early as May 6, 1967, the Ministry of 
Development and Public Works by way of the Arequipa Board of Reha­
bilitation and Development stated that Cabanaconde "is being considered 
for three thousand hectares" to favor the irrigators there (Brc).14 Prom­
ises were made but not kept. Until 1983 there were no benefits from the 
project, except an improved road and poorly paid, temporary, and dan­
gerous jobs. The project instead brought widespread social and environ­
mental problems for the communities of this region (Hurley 1978; Bena­
vides 1983; Sven 1986). 

Workers from the project, housed in a large encampment near the 
community, abused the local townsfolk, treating them as so much infra­
structure. Many workers would not buy products from women accompa­
nied by their husbands, and there were incidents of prostitution and rape. 
Although the improved road provided the means for greater mobility up 
and down the valley and to and from Arequipa, the community was also 
subjected to economic, cultural, and political forces it had never known 
before. Large amounts of money began to flow into the community, and 
many new small stores were opened to meet the needs of a boom econ-
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Figure 5.4 The Majes Project, Peru (source: Autodema, n.d.). 

omy. Most Cabanefios with whom I discussed the Majes Project lamented 
the changes and abuses the project brought. "Everything became money, 
money, money," as one man put it. 

Harder to express are the profound social and cultural changes the 
community experienced, including the way local society defined itself. 
"Criollo" views, disparaging towards the "simple" and "backwards ways" 
of the highland dwellers, became widely felt. As the president of the com­
munity ruefully expressed, "the workers would come rolling into town. 
They were from all over-Cuzco, Puno, the coast-all over. They'd come 
in and say in Spanish 'son of a bitch, it's hot! Hey, give me a case of beer,' 
and pretty soon all the boys in town were walking around, saying 'hey, 
son of a bitch'." Less respect for elders, an increase in vandalism, and the 
breaking down of social mores were other correlates of Majes. The local 
culture was denigrated, and several rituals, such as the torotinkay during 
the sowing, disappeared. The workers even instituted a new saint in the 
community.15 

The social impact was paralleled by an ecological one. Economic 
dependence on income generated by the project increased as the com-
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munity's resources suffered. During a series of drought years, when the 
volume of river water was already extremely low, the project used large 
amounts of water from the river for its operations without the commu­
nity's permission (BIC). Canals and terraces were damaged by project 
roads. The underground tunnels built by the project also affected subter­
ranean sources of water.16 Because of the drought and Majes' insensitive 
use of the little river water that remained, the cultivated area decreased 
dramatically. A petition sent by the Irrigators Commission to the Minis­
try of Agriculture on March 18, 1980, states that the devastation caused by 
"the last droughts" and the water supplied to Majes has had "horrific re­
sults ... our agricultural fields have diminished by So percent." 17 

Abuses were tolerated, in part, because of the irrigation water and ex­
tended land base the community expected to receive from the project. 
The project also promised the community to use its engineers and heavy 
machinery to improve the drainage of the Hualca-Hualca River Basin and 
to recover the canal of Huataq (B1c). Through 1979 and 1980 the Majes 
Project continued to promise support for these projects as well as enough 
water, 1000 liters per second, to recover several thousand hectares for the 
community.18 But it soon became clear to the community that Majes had 
no intention of carrying through with their promises. The first hint of re­
sistance became manifest. 

In March 1980, a commission made up of the president of the Peas­
ant Community, the president of the Irrigators Commission, and the 
mayor of Cabanaconde again requested water from the Majes canal in the 
form of a sluice gate ( ventana) and assistance in improving the waters of 
Hualca-Hualca. They stated that "the District of Cabanaconde has been 
forgotten," and that "everyone will unite as one man" if their demands 
went unanswered. Later that month, a memorandum was sent out to the 
Ministry of Agriculture and to the president of the republic, "clamoring 
for one thing alone, which is water" (BMC). In August 1981, a letter to the 
Majes Consortium states that if it does not recompense the community for 
its water, "the agriculturalists will stop the services they provide ... the 
higher authorities are fooling us." More ominously, the letter continues, 
"the townspeople will take action to the last consequences in the case that 
an immediate solution is not arrived at." Yet no water was allotted to the 
community. In September 1981, the books of the Irrigators Commission 
refer to the drought of that year as "a frightful crisis." 

In January 1983, another letter was sent by the mayor of Cabanaconde 
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to the president of Peru, Fernando Belaunde Terry, stating that "Caba­
naconde is the most populated district of the Province of Caylloma .... 
The ratio of man/land is unequal, and all community members are small 
holders, a situation which generates the massive exodus of the popula­
tion . . . the actual [water] capacity is only 80 liters per second, insuf­
ficient for 1200 hectares. We irrigate every 100 days .... This generates 
poverty, undernourishment, infant and adult mortality, desertion from 
school, alcoholism and illiteracy .... Cabanaconde has been marginalized 
by the Majes Macon Project, whose canal transverses our jurisdiction and 
has destroyed our natural resources, such as land and water, making even 
graver the already precarious economic situation of this community." 

They asked President Belaunde to authorize a sluice gate from the 
Majes canal; money, machines, and technical assistance to reconstruct 
the Huataq canal; the construction of a cement reservoir in Joyas; and 
the settlement of families in the Pampas de Majes (the target area of the 
project). The letter was signed by the communal authorities and several 
hundred people. A few days later, a memo was sent to the Ministry of Agri­
culture asking "for a sluice gate in the Tomanta Sector," which is where the 
Majes canal crosses the Hualca-Hualca River. These letters, as well as the 
many and various pleas the community had made to the consortium and 
to the regional authorities, fell on deaf ears. While the remaining plants 
withered under the intense Andean sun in the most serious drought of the 
last thirty years, thousands of liters of water per second were streaming 
by the community, sequestered in a thick cement canal. The possibility of 
famine became real. 

In March 1983, the Cabaneiios opened the Majes canal in a classic case 
of peasant resistance. The now renowned "eleven heroes" of the commu­
nity, some of whom were authorities of the lrrigators Commission and 
Peasant Community, went nightly to drill a hole in the thick cement cas­
ing of the canal where it crossed the Hualca-Hualca River (see figure 5-4).19 

Finally, dynamite was used. People soon began to comment that the vol­
ume of the Hualca-Huaka River had increased, and an assembly was hur­
riedly called. The entire community swung into action. 

A permanent guard kept watch in the church tower, ready to sound 
the bell should the police arrive. A trumpeter was stationed at the entrance 
of the town, and barricades were built on the road. The eleven heroes left 
the community or slept in the orchards deep in the Colca Valley. A com-
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mittee traveled to Arequipa to report what had been done, and they were 
immediately arrested. But the Cabanefi.os had skillfully published several 
news clips in Arequipa newspapers in the weeks before they opened the 
canal, decrying the drought and the way that Majes had lied to the com­
munity, as well as the lack of government support. This was done not only 
to assert the Cabanefi.os' rights to the water, but to insure that their actions 
not be confused or purposefully misinterpreted as those of terrorists. 

A police contingent was sent to the community, but when they arrived 
the entire community confronted them. The community claimed collec­
tive responsibility for the opening of the canal, and demanded that the 
water not be withdrawn. Several large machines of the consortium were 
taken hostage. A few days later, the subprefect of the region, the mayor of 
Cabanaconde, and other important authorities were present in the plaza 
of the community to talk "about the problem of the window opened by 
the townspeople in the Tomanta Sector" (BIC). The mayor exclaimed, "the 
Ministry of Agriculture is guilty because it has never taken any steps to 
help the agriculture of Cabanaconde." The subprefect agreed to provide 
a legal transfer of the waters within the briefest time possible, promising 
that there would "be no repression against the townspeople." But when 
he asked that the machines be returned to the Majes consortium, his re­
quest was denied by the community. The mayor demanded that 300 liters 
per second be given to the community. After he agreed to the conditions 
set by the community, the subprefect received an ovation. People still talk 
excitedly and proudly about how the entire community took responsi­
bility, and how they were ready to fight to the end for the water. 

The communal authorities, with help from the migrant associations 
of the community in Arequipa and Lima, continued to negotiate with 
the regional authorities, explaining that they were not terrorists, but were 
dying of hunger. Out of fear of further conflicts, Autodema (Autoridad 
Aut6noma de Majes) - the administrative unit of the Majes canal-finally 
agreed to cede 150 liters per second to Cabanaconde. This resulted in the 
Cabanefi.os becoming heroes for the entire valley. In August 1983, the hole 
was patched and a valve was installed at Tomanta. The next day the entire 
community went to Tomanta in procession, with a band at its head. "After 
the blessing by the priest the two valves were opened in the presence of the 
president of the Irrigators Commission and the townspeople" (B1c). The 
Cabanefi.os' heroic feat set an example for the other communities of the 
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left bank of the Colca Valley. They threatened to take similar action "or 
call in the boys from Cabanaconde," as several Cabanefios proudly told 
me. These other communities were soon given access to the "Majes water." 

Once the flow of 150 liters per second from Majes was secured in 1983, 
attempts to increase the area of cultivated land began almost immediately. 
Canals in the lower part of the agricultural fields were extended by means 
of communal labor, and a large number of abandoned terraced fields were 
rehabilitated. By 1988, several dozen hectares of newly recovered fields 
were producing good harvests. In 1989, the community negotiated an 
additional 200 liters per second from the Majes Project Administration 
and the Ministry of Agriculture by signing a document promising not to 
touch the Huataq waters in the future. By August 1994, several hundred 
hectares of terraced fields- abandoned after, and not cultivated since, the 
Spanish invasion -were yielding bountiful harvests. And although this 
land recovery has been anything but a trouble-free process (see Gelles 
1994), the Cabanefios' courageous actions and wily maneuvering have 
provided them with a relatively large and growing land base.20 

Cabanaconde, "Development," and the State 

Despite the fact that Cabanaconde has now increased its area of culti­
vated fields, initiatives taken by the Peruvian state clearly had little to do 
with this. State representatives consistently ignored the community's cries 
for assistance, and in the case of the Majes canal, actively worked against 
community interests. During the time of Majes and the terrible drought 
of the early 1980s, the state added insult to injury by instituting a water 
tariff. Among the demands that regional and state authorities had to ac­
cede to when the Cabanefios opened the Maj es canal was that the tariff be 
rescinded. Cabanaconde has not paid the tariff since then. 

The case of the Majes Project, and the resistance of the Cabanefios to 
it, is exceptional. The neglect and lack of respect the state has shown for 
Andean communities and their irrigation systems is widespread. This in­
volves the cultural politics of the coast and the highlands in Peru, in which 
the relationship between the two areas is completely infused with a colo­
nial mindset that views the human and natural resources of the Andean 
highlands as inferior to the criollo coast. This is expressed in a Ministry of 
Agriculture document elaborated in 1980, which states that the problem 
of Colca Valley villages (and surely the highlands as a whole) is due to 



An Andean Peasant Community 105 

"the low cultural level of the irrigators ... [and] a certain resistance of the 
agriculturalist to rational work methods" (oRDEA 1980). Yet during this 
same year, the water tariff was being calculated, and Cabanaconde's water 
was being usurped by Majes. 

A related form of cultural hegemony is found in the state-imposed 
model of water distribution. Since the turn of this century, the Peruvian 
state has declared that all water in Peru is the property of the state (Anda­
luz and Valdez 1987). It is only since the 1960s, however, that the state 
has centered its energies on extending its control to highland irrigation 
systems by imposing water user associations and new forms of distribu­
tion. This is what Lynch (1988) has called the "bureaucratic transition." 21 

The Peruvian state instituted irrigation districts, sectors, and water-user 
associations based on Spanish and more contemporary bureaucratic tra­
ditions similar to state-financed systems throughout the world. In many 
Andean communities, including Cabanaconde, however, the bureaucratic 
transition has yet to take place (Gelles 1994, 1995). 

In Cabanaconde, resistance to state encroachment in water manage­
ment is evident in the persistence of the office of water mayor and the 
local model of distribution described earlier. Since the 1970s, the state 
has consistently attempted to intervene in the distribution practices of 
the community. Today, for a brief but important period during the yearly 
agricultural cycle, there is a different type of "repartitioner," or person in 
charge of distribution. These individuals, who are community members 
like the water mayors, implement the state's model of distribution. They 
are called controllers (controladores), and distribute water to the fields 
sequentially from "one end to the other," ignoring the dual classification 
of the plots (anansaya and urinsaya) found in the local model. A whole 
series of cultural norms accompany the state model of distribution, and 
they are different from those of the local model. The controllers, for ex­
ample, do not receive coca and liquor from the irrigators as the water 
mayors do. Rather, they receive money. They are not fulfilling a civil office 
(cargo), as are the water mayors, but rather a minor civic duty. Instead of 
a snake-headed staff to legitimate their authority, the controllers have an 
official decree from the local Irrigators Commission. They neither perform 
elaborate rituals, nor sponsor large social events, as do the water mayors. 

State and local models of irrigation represent two distinct ways of 
conceptualizing and implementing water management. One takes a secu­
lar and bureaucratic view of water management, while the other is focused 
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on ritual assurance, and views water as part of a larger social and symbolic 
universe. Today, and over the last fifty years, there have been attempts to 
completely supplant the local model of distribution for that of the state 
model. Although the state model has gained ground over the years, as of 
1994 the local model was still firmly entrenched. Adherence to the local 
model of irrigation in Cabanaconde and elsewhere in the Andes must be 
understood in the larger context of the cultural politics of coast and high­
lands. Andean peasants are dominated peoples within a nation-state that 
does not share, nor have respect for, their cultural values. These attitudes 
often find institutional and violent expression. 

But Andean peoples fight back, and there is a growing literature on 
cultural resistance and ethnic identity in the Andes. In his study of power 
and authority among the Yura (a Bolivian highland society), Rasnake 
(1988) found that traditional staflbearers are linked through ritual action 
to fundamental cosmological forces, and that this office serves to recreate 
ethnic identity. Traditional authorities and the rituals they perform legiti­
mate "the broader institutional framework of the Yura ethnic group and 
its relation to the encompassing society ... [one that] refuses to acknowl­
edge the validity of their own self-definition" (Rasnake 1988: 269). Clearly, 
this same dynamic is at work in Cabanaconde, where the state tries to im­
pose its meanings and world view through water-use systems (and many 
other means), and where the snake-headed staffs provide an especially 
powerful symbol of local meaning and ethnic identity. 

Resistance to state interference must also be understood in terms of 
the political ecology of irrigation development. As detailed throughout 
this chapter, the "availability" of water is largely determined by cultural 
and political forces at local and supra-local levels. The Journey to Hualca­
Hualca, in which the community deployed its forces to increase the quan­
tity of river water, was intimately linked to certain principles of Cabanefto 
ethnohydrology, and to the cosmological referents of the local model of 
water distribution. The brief case study of the Huataq canal revealed some 
of the ways that regional elites and state actors, as well as intercommu­
nity politics, impact the local availability of water. Finally, the construc­
tion of the Maj es canal through the Colca Valley, which was done to sup­
port large-scale coastal agriculture and help service Peru's foreign debt, 
showed how local irrigation development is also conditioned by national 
and international forces. 

The billion-dollar Majes Project steamrollered the communities of 
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this area socially, economically, environmentally, and culturally. With rela­
tively little expense ( as exemplified by the minimal costs of diverting water 
to Cabanaconde), the project could have included the Colca communi­
ties in their plans, helping to expand the valley's cultivable area. If these 
communities have benefited from the project to date, it is due to their 
own courageous initiative. Indeed, the diversion of the Maj es water - as 
well as the more common "everyday forms of peasant resistance" (Scott 
1985) such as the non-elaboration of a water-users list, the nonpayment of 
tariffs, and the persistence of the local model of irrigation -provide poi­
gnant examples of ways that local communities struggle with and frustrate 
intrusive state initiatives. 

Historically and culturally informed analyses of local irrigation sys­
tems (and other forms of common property) have great potential, both in 
terms of theory, and as an applied research tool. Indeed, the approach I 
have presented here can be extended to other communities, development 
projects, and national contexts. In Latin America, for example, such an 
approach would seem especially applicable to Guatemala, Mexico, Bolivia, 
and Ecuador. In these countries, indigenous people today constitute a 
large percentage of the population (in some cases a cultural majority), 
and part of the extensive farming systems established by the expansive in­
digenous states that flourished in pre-Columbian times continues to be 
used. As their growing populations put more and more pressure on the 
land base, many communities are actively attempting to rehabilitate aban­
doned cultivated fields and the indigenous technologies - canals, reser­
voirs, raised fields, terraces, and so on - that sustain them. 

Yet modern nation-states, and irrigation development initiatives in 
general, do not invest in such technologies, nor in the cultural models 
of those who manage them. Rather, the world views encoding the imple­
mentation of these technologies are excluded from, and denigrated by, 
national development discourses. International irrigation development 
initiatives do the same, putting more faith in abstract and supposedly 
cross-culturally valid formulas than in contextualizing analyses. One re­
sult of this is that a good many irrigation projects, implemented in a top­
down manner unresponsive to local cultural and political considerations, 
like the Majes canal, have enormously adverse effects on rural popula­
tions. Clearly, more attention needs to be paid to indigenous models of 
irrigation, and to the ways in which local understandings of "develop­
ment" condition state and community relations. Irrigation research needs 
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to move away from mechanistic views of society to ones that evoke the 
power politics that generally lie at the heart of irrigation projects and their 
problems. 
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Notes 

1. My usage borrows from those who view political ecology as combining the con­
cerns of ecology and political economy (e.g., Blakie and Brookfield 1987; Schmink and 
Wood 1992; Sheridan 1988; Peluso 1992), but differs in that it places emphasis on the way 
that politics and natural resources are culturally modeled (see also Gelles 1993a). This 
is part of a larger shift in irrigation studies (e.g., Geertz 1980; Lansing 1991; Sherbondy 
1994). In other places I have detailed the historical roots and cultural models found in 
Cabanaconde's irrigation system (Gelles 1994, 1995). In the present essay, I focus on the 
development of the community's hydrological resources. 

2. State intervention in local irrigation practices has also had positive effects, for ex­
ample, helping democratize certain political processes in the community. In this essay I 
am only concerned with showing the state's role, largely negative, in developing the hy­
draulic resources of the community. 

3. The very elaborate female dress and the hats for both men and women clearly mark 
ethnic boundaries between Cabanaconde and other Colca Valley communities. Beyond 
this very visible marker, there are differences in many practices such as funeral rituals, 
sowing rituals, weaving, sewing, and to a certain degree, Quechua pronunciation and vo­
cabulary (see Femenias 1987). 

4. Over 27,000 people, a good part of them Andean peasants, have thus far been killed 
in the dirty war; many highland communities have been completely decimated. Although 
the region surrounding Cabanaconde was at one time declared a "red zone," the town has 
for the most part stood outside the crossfire between Shining Path and the military forces. 

5. Before and during the Inka Empire, Cabanaconde "was more important politically 
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and in productive terms than other zones of the Colca Valley" (de la Vera Cruz 1987:10). 

Irrigation has been linked to power in this area since pre-Inka times, and state systems 

have seized on this hydrological system and the people dependent upon it since time im­

memorial. The Inka imposed different social and administrative divisions in Cabanaconde 

that continued to structure social relations well after the Spanish conquest. 

6. Despite being one of the most productive encomiendas during the early colonial 

period, diseases, civil wars, over-exploitation, and the opening of the mines of Caylloma 

in 1627 led to a tremendous demographic loss in Cabanaconde, reaching an extreme in the 

late seventeenth century. From the 157os-when the dispersed villages of the immediate 

area were brought together to form the town of Cabanaconde through the Spanish colonial 

forced resettlement program called reducci6n - until the 1680s, the tributary population 

declined from 1345 to 256 (Cook 1982:17, 25). 

7. Although it is difficult to get a precise figure for this shifting population, there were 

at least 600 households in the community as of 1988. Population growth has placed more 

and more pressure on land, water, and the other productive resources of the community. 

Although Cabanaconde "has by far the most land in cultivation and the most land in 

grains" (Denevan 1987:21) of the Colca Valley villages, it also has the largest population. 

The population pressure, combined with a bilateral inheritance pattern, creates rampant 

fractioning of land holdings. Because of this, and because Cabanaconde is a differentiated 

community, many farmers must often rely on sharecropping arrangements and land rental 

to make ends meet. 

8. Because of limited space, this brief characterization of Cabanaconde must suffice. 

Obviously, it cannot do justice to the complexity of the community and its links to national 

and international political and economic forces. I have explored a piece of this larger con­

text elsewhere (Gelles 19936). 

9. The river water travels over 15 kilometers and more than 2500 vertical meters to the 

fields below. In fact, the Hualca-Hualca River could be considered a stream during most 
of the year. In the rainy season, river volume can reach over 1500 liters per second during 

periods of intense precipitation (Abril Benavides 1979 :15). Because it is considered a river 
by the Cabaneflos and maps of the region, I will retain the word "river." In rain-abundant 

years, a few farmers try to dry-farm additional fields (usually fodder crops). In any case, 

these dry-farmed fields (terrenos de secano), which constitute well under 1 percent of the 

total cultivated area, usually receive irrigation water at some point in their growing cycle. 

The absence of reservoirs in Cabanaconde distinguishes it from many of the upper valley 

communities such as Coporaque (Treacy 1989, 1994), Lari (Guillet 1987), and Yanque (Val­

derrama and Escalante 1988), as well as nearby Tapay (Paerregaard 1994). 

10. The Hualca-Hualca River supplies Cabanaconde's agriculture with between an 

estimated 75 and 150 liters per second of water during the dry season months of May to 

December (Abril Benavides 1979; oRDEA 1980). Before the water of the Majes canal be­

came available in 1983, each complete cycle or round of irrigation water through all the 

cultivated fields lasted 90 to 120 days. The opening of the Maj es canal doubled the amount 

of available water, and today each round lasts 45 to 50 days. The additional water has in­

tensified existing agriculture and has allowed Cabanaconde to expand its cultivated land. 

There is still, however, only one harvest a year. Although heavy rainfall is important for the 
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proper maturation of maize, precipitation also increases the snowpack on Hualca-Hualca 
and the volume of melt. Irrigation extends the growing season, permitting sowing four 
months before the rainy season and the plants' maturation before frost sets in, usually in 
May or June. This allows farmers to raise the upper limits of certain crops, such as maize 
(Mitchell 1981; Mayer 1985). 

11. As he moves through the fields, there are several plots of land to which the water 
mayor will not give water and which must wait for the water mayor of the "opposing" side 
or moiety. Elsewhere, I have demonstrated that the model of dual organization, of which 
the water mayors are the centerpiece, is a legacy of the Inka and colonial Spanish states. 
Today, however, it constitutes the local "indigenous" form of irrigation management, 
and is related to a wide range of social and semantic dualisms found in the community 
(Gelles 1995). 

12. These differences are quite notable. In Cabanaconde, as seen here, irrigation water 
is conceived of as feminine (yakumama) because of its association with Hualca-Hualca, the 
mother mountain and female deity, from which it descends. In many communities, includ­
ing some in the upper Colca Valley (see, e.g., Valderrama and Escalante 1988; Treacy 1994), 

irrigation water is conceptualized as a vital life-giving, male, force- blood or semen - that 
emanates from the subterranean arteries and veins of the mountain deities to impregnate 
the "Earthmother" (see, e.g., Arguedas 1985; Isbell 1974; Ossio 1976; Gelles 1986; Valder­
rama and Escalante 1988). The large, communally sponsored, ritualized canal cleanings in 
other highland communities are known as the "Water Fiesta" or "Canal Scraping" (Fiesta 
de Agua or Champer{a in Spanish, Yarqa Asp'iy in Quechua). 

13. Although it may be that the Cabana polity, and possibly Wari before it, made at­
tempts to tap this source of water, the Huataq canal appears to have been built by the 
Inkas. In June and October of 1916, the people of Cabanaconde were trying to recover 
lands by rebuilding the Huataq canal, and the Municipality was providing some of the ex­
penses such as sugar, trago, and coca (BMC). Work continued in October and December of 
1919, and again in 1920 and 1921. The same source mentions an engineer inspecting Huataq 
in 1926, and one making a "scientific investigation" of the canal in 1932 (BMC). The very 
name "Huataq" ( wataq), which means "tied down" in Quechua, suggests the difficulty the 
community has had with this water source. 

14. Various other government agencies convened later that year. An entry in the Books 
of the Irrigators Commission states that the community is "[s]oliciting some three thousand 
liters of water from the Main Canal of Maj es to be used in the irrigation of the fields now 
being cultivated and in the expansion of new lands." This same entry, dated November 10, 

1966, reports that the Ministry of Development and Public Works, the Board of Rehabilita­
tion of Arequipa, the National Fund for Economic Development, and the National Office 
of the Agrarian Reform were going to study the springs of the entire area so that if the 
canal of Majes affected them, Cabanaconde could claim damages (Brc). 

15. The new saint was the Virgin of Chapi. On May 4, 1981, they moved the image of 
this virgin from the camp at Castropampa to Antesana, a hill above town. Today this saint 
has a dedicated following among misti schoolteachers and some community members. 

16. On October 18, 1977, the Irrigators Commission complained that Majes project "is 
using water of Cabanaconde without authorization or permission, and there is a consider-
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able diminution in the volume of water" (sic). Canals were also severely damaged. The 

subterranean tunnels built by Maj es apparently diverted some of the underground sources 

of water that fed the springs of the orchards- in some cases these dried up completely. 

17. Official sources assert that, for 1979 and 1980, the cultivated area was 10 percent 

below the average for the period 1975 to 1981, and 25 percent smaller than the most pro­

ductive of these years (see Denevan 1987:17). Many Cabaneftos assured me that it was 

much worse. 
18. In 1978, for example, the Majes Consortium pledged to send an engineer and help 

Cabanaconde obtain more water from Hualca-Hualca. Two years later they repeated their 

promise, stating that machines were available for improving the waters of Hualca-Hualca. 

They also promised assistance to recover the lost canal of Huataq, as well as water from 

the Majes canal "for three thousand hectares in Cabanaconde and Huambo." In 1979, 1980, 

and 1981, Majes again promised to help recover 1000 hectares of cultivable lands in Caba­

naconde-it never carried through with its promises. 

19. Today the eleven heroes meet in secret to celebrate that day in March 1983 when 

they opened the canal. When the agricultural fields were recently expanded, the heroes 

were given their choice over plots of land. Although everyone in the community knows 

who they are, they are still careful to not be identified by government officials for fear of 

reprisals. 
20. The recovery of abandoned terraced fields and other indigenous technologies for 

cultivation, such as raised fields (see, e.g., Erickson and Candler 1989), is receiving increas­

ing attention from scholars (see, e.g., Denevan 1987; Treacy 1989, 1994). Masson (1987:191) 

estimates that there are a million hectares of terraced fields in the Peruvian highlands, and 

that only 25 percent of these are currently in use. Cabanaconde's efforts to recover its lost 

infrastructure have been very successful. As of 1994, the community had recovered over 

700 hectares; another 400 will be brought into production in the next few years. By then, 

the community will have essentially doubled its land base (Gelles 1994). 

21. Lynch (1988, 1991, 1993) uses this term to describe the processes by which the Peru­

vian government has increasingly intervened in small scale highland irrigation during the 

last twenty years. For other studies on this theme, see Seligmann (1995) and Guillet (1994). 

Cabanaconde has had a special-purpose irrigation association composed of community 

members, the Irrigators Commission, linked to the state since the 1940s. The relatively 

early adoption of this institution was generated by political conflict within the town, and 

has had ambivalent effects. It has sometimes stemmed the abuses of powerful peasants, 

and at other times has facilitated them. Though the Irrigators Commission is a state office, 

supposedly conforming to the norms of the state's irrigation bureaucracy, to a large degree 

it follows the dictates of the local model of irrigation. 
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Part 2 

Metl)ods and Models for Analyzing 
Local Irrigation 





■ Rapid Rural Appraisal of Arid Land 
Irrigation 
A Moroccan Example 

John R. Welch, Jonathan B. Mabry, 

and Hsain llahiane 

Irrigation is a critical element of international development efforts to en­
sure global food production, and Rapid Rural Appraisal (RRA) techniques 
can assist agricultural planners in their assessments of the environmental, 
technological, and social factors that determine the success of irrigated 
agroecosystems. Despite the obvious importance of irrigation in arid and 
drought-prone regions, however, few published works are currently avail­
able to guide RRA studies in such contexts. In this chapter we describe the 
methods we employed in a recent RRA study of smallholder farming in 
southeastern Morocco, discuss the merits and limitations of these meth­
ods, and evaluate RRA applications in the planning, implementation, and 
evaluation phases of the development process. The criteria used in this 
evaluation include data relevance, reliability, replicability, and compara­
tive potential. 

Nowhere is it more evident that irrigation deserves its high priority 
in development planning than in arid lands, where evaporation far ex­
ceeds precipitation and food production is utterly dependent on irrigation 
(Chambers 1984; Uphoff 1986). In Morocco, for example, irrigation is the 
foundation for the domestic food supply as well as the export economy, 
providing 31 percent of all exports and 90 percent of exported agricul­
tural goods (World Resources Institute 1990). The human suffering and 
economic hardship brought about by the recent North African drought 
(1979-1986) made it painfully apparent that Moroccan agricultural de­
velopment must promote irrigation, and that irrigation projects must be 
planned with consideration of long-term environmental variability (see 
Stockton 1988; Stockton and Meko 1990). At the same time, however, the 
uneven performance of large-scale, technologically advanced irrigation 
projects has demonstrated that social factors can be at least as important 
as environment and technology in determining the success of an irriga­
tion system (Coward 1980; Uphoff 1986). Arid land farmers have legiti-
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mate concerns about any tampering with their water supplies and are 
wary of proposals to modify irrigation systems that have fed their families 
for generations. Moroccan water development thus faces a complex cul­
tural matrix as intractable as the region's challenging environment. For 
these reasons, planning successful irrigation development demands reli­
able background information on existing systems, as well as insights into 
the factors that encourage local participation in the development process. 

Rapid Rural Appraisal is one promising way to assist irrigation devel­
opment in arid lands. RRA is an array of methods for quickly assessing en­
vironmental factors as well as human conditions, activities, technologies, 
and perceptions in order to identify successes, problems, and development 
needs. This article discusses the RRA data collection methods employed 
in a study of irrigation agroecology in the Ziz Valley of southeastern 
Morocco (Mabry, Ilahiane, and Welch 1991). RRA proved an excellent ap­
proach to comprehending the region's farming ecology and technology, 
as well as the organizational factors most relevant to development project 
planning. Despite these merits, RRA should not be an alternative to the in­
depth and ongoing analyses required for successful development project 
implementation and evaluation; it is most useful in the planning stages. 

The History of RRA 

Until the 1970s, most studies of developing countries' rural situations were 
broad statistical analyses based on conventional economic assumptions. 
These analyses focused on national and international policy concerns, sel­
dom considering the details of local economies or ecologies in project 
regions, or incorporating systematic consultations with local inhabitants 
(Dahlberg 1990). The less than optimal performance of many development 
projects that were based on these general analyses made donor agencies 
wary of projects designed without detailed information on the region, or 
input from its occupants (Staatz and Eicher 1990). 

As the shortcomings of this approach surfaced, development priorities 
began to shift from policy concerns and "top-down" program implemen­
tation to "farmer-first" development for and by the people (Cernea 1985; 
Chambers 1988, 1990; Brokensha 1989). Development agency personnel 
gradually realized the need for multidisciplinary data collection strate­
gies sensitive to local circumstances and the benefits of regarding local 
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populations as more than "project background." Planners began to turn 
to the people for their perspectives on programs, and to define success in 
terms oflocal support for their work. Farming Systems Research (FSR), a 
holistic approach emphasizing assistance to smallholders, began to attract 
attention (Baker and Norman 1990). In response to the same concerns, 
early RRA studies impressed development planners by yielding abundant 
information from limited time and budgets and by displaying its adapt­
ability to varied local circumstances. RRA began to play an increasingly 
important role in the development planning process, including irrigation 
development (Chambers 1985; Conway and McCracken 1990). 

The emergence of RRA reflects development programmers' mount­
ing interest in the details of social factors of production (Richards 1985). 

In particular, the trend involves recognition of the value of cross-cultural 

comparative perspectives, especially the study of households and other 
basic resource management units (Chambers 1984, 1985; Rhoades 1985). 

With donor agencies serving more as facilitators than as implementors, 
the challenge to irrigation development became how to diagnose the ad­
vantages and disadvantages of existing water management institutions, 
irrigation techniques, and cropping practices, how to identify solutions to 
specific problems, and how to foster local participation in program plan­
ning, implementation, and evaluation. 

RRA today is widely applied under various rubrics, but it is far from 

a coherent or consistent method. It has been suggested that RRA is appli­
cable in urban settings, and can serve the interests of long-term research 
(Frankenberger and Lichte 1985). We prefer a more restricted definition: 
Rapid Rural Appraisal is a short-term, semi-structured (but systematic) 
program of acquisition and analysis of information on rural life carried 
out by a multidisciplinary team. Common denominators of RRA studies 
include short time schedules, intentional avoidance of biases that result 
from disproportionate research attention on males, elites, and easily ac­

cessible and organized settings during comfortable seasons, emphasis on 
conceptual clarity rather than on statistical characterization, and continu­
ous, infield refinement of methods in response to new findings (Franken­

berger and Lichte 1985; Rhoades 1985; Beebe 1995). Previous applications 
of RRA to irrigation development have been limited to the humid tropics 
and subhumid regions (e.g., Chambers 1985; Harvey, Potten, and Schopp­
mann 1987). We know of no other broadly applicable discussion of RRA 
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techniques for arid land irrigation systems; until now, little attention has 
been given to the special problems faced by farmers in regions where water 
supplies are largely a function of capricious climates. 

The Ziz Valley Project 

Objectives 

Our three-person team's research interests centered on the technological 
and organizational means that Moroccan farmers use to cope with their 
drought-prone climate and uncertain water supply. The United States 
Agency for International Development (usA10) gave us seven weeks in the 
summer of 1991 to pursue these interests while addressing issues raised by 
a Project Implementation Document (Pm) for redesigning aspects of the 
Tadla irrigation system in central Morocco (usArn 1991). The seven am­
bitious and overlapping goals of the Tadla PID further focused our project 
(see Swearingen 1987 for an overview of Tadla development). These goals 
were (1) enhanced operational flexibility in water delivery, (2) greater irri­
gation perimeter productivity, (3) improved economic and environmen­
tal sustainability, (4) promotion of private sector participation, (5) more 
efficient use of available resources, especially water, (6) better soil and 
water conservation, and (7) expansion of commercially oriented, large­
scale crop production. 

In formulating a project design that would advance these seven opera­
tional, economic, and ecological objectives through a short field project, 
usAm encouraged a methodological focus for our study: the develop­
ment and evaluation of broadly applicable data collection techniques. We 
targeted methodological issues confronting planners of arid land irriga­
tion projects in complex social settings and, for reasons already discussed, 
settled on RRA as the best approach. To make the study relevant to the 
Tadla objectives, our data collection emphasized five factors central to 
all irrigation: (1) water supply, (2) technology and technological change, 
(3) relations of production, (4) efficiency, and (5) sustainability. Because 
of the large size and daunting complexity of the Tadla irrigation system, 
we decided to test our methods in the Ziz Valley, on a set of much smaller 
systems that we thought we could study more effectively during our lim­
ited time. 

In addition to developing RRA methods for arid land irrigation sys­
tems, the project had two secondary goals that were less closely tied to the 
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Figure 6.1 Location of the Ziz Valley, Morocco. 

Tadla PID. First, we sought to identify Ziz Valley agricultural potentials, 
constraints, and farmer assistance needs. Second, we examined the intro­
duction of market-oriented crops, technologies, and organizational struc­
tures in terms of their probable consequences for the valley's subsistence­
oriented agricultural economy. 

Project Schedule and Regional Background 

Once in Morocco, we spent a week consulting with faculty of the Insti­
tut Agronomique et Veterinaire Hassan II (1Av), finalizing project plans, 

and conducting background research in the capital, Rabat. From there, 
we traveled to Errachidia, the largest town in the Ziz Valley (figure 6.1), 

where we dedicated a second week to compiling secondary data, becoming 

familiar with the region's irrigation infrastructure, and consulting with the 
Office Regional de Mise en Valeur Agricole du Tafilalet (ORMVAT). Dur­
ing the subsequent three weeks of work with Ziz Valley farmers, we ap­
plied a series of RRA data collection techniques. The remaining two weeks 
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of in-country work entailed preparing a report for usArn-Rabat (Mabry, 
Ilahiane, and Welch 1991). 

The Ziz River Valley is a 250-kilometer-long ribbon of irrigated agri­
cultural land that winds out of the eastern High Atlas Mountains and cuts 
through the pre-Saharan wastes before being absorbed into the Saharan 
depression. The Ziz River drains approximately 14,125 square kilometers, 
a watershed with an average altitude of about 1100 meters. Over 1 mil­
lion date palms and thousands of olive trees mark the twisting, 0.5- to 
10-kilometer-wide valley as it bisects Morocco's province of Errachidia, 
which encompasses roughly 10 percent of the kingdom. The population 
of Errachidia practices intensive irrigated agriculture, and both sedentary 
and seminomadic pastoralism. 

The Ziz Valley was an ideal place for our study for both analytical 
and practical reasons. The technological diversity there is intriguing, with 
modern and traditional irrigation systems each serving about one-half of 
the Ziz Valley's agricultural lands (totalling about 50,000 hectares). Tra­
ditional systems of small brush-and-stone diversion works and earthen 
canals have been overlain or supplemented by a large, recently built net­
work of cement dams and canals supplied by a single flood storage reser­
voir, the Hassan Addakhil. Given our theoretical interests in traditional 
agroecosystems and agricultural sustainability, we were keenly interested 
in comparing modern and traditional irrigation infrastructures, cropping 
patterns, and resource management to better understand both kinds of 
systems. 

In order to ascertain the range of variability in Ziz Valley cropping 
systems and farmer perspectives, we selected sample communities for in­
tensive data collection in the upper, middle, and lower reaches of the valley 
(table 6.1; see Welch, chapter 4 this volume, for a similar approach to the 
analysis of irrigation in the Sefrou region of Morocco). The upper valley 
community, Kerrandou, lies above the storage reservoir and continues the 
age-old struggle with the Ziz River's highly variable surface flow. Below 
the Hassan Addakhil reservoir, Oulad Chak exemplifies villages that now 
enjoy a relatively stable and moderately saline water supply in the middle 
stretch of the valley. As the Ziz River continues south onto the Tafilalet 
Plain, its diminishing flow becomes increasingly polluted and saline. We 
examined the lower Ziz River community of Zaouit el Maati to understand 
the problems faced by tailend farmers relying on the river's residual flow. 
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Table 6.1 Agroecological characteristics of three communities in the Ziz 
Valley, Morocco. 

Community Kerrandou Oulad Chak Zaouit el-Maati 

Elevation 1250 m 925 m 750 m 

Annual 200mm 125 mm 50mm 
precipitation 

Population 1250 1617 765 

Water supply Ziz River Ziz River, Meski Ziz River, wells, 
Spring pump station 

Water salinity low medium high 

Primary crops hard and soft soft and hard dates, soft 
wheat, barley, wheat, barley, wheat, barley 
corn, olives, dates, olives, 
other fruits other fruits 

Major problems floods palm fungus inconsistent 
water supply, 
salinization 

RRA Data Collection Methods 

The data collection techniques we used include methods for obtaining 
qualitative and quantitative information on cropping systems, farming 
techniques and technology, and farmer perspectives and opinions. Data 
collection techniques are seldom equally appropriate from project to proj­
ect. Some techniques are essential (e.g., interviews); some are applicable 
wherever sufficiently detailed data can be collected (comparative exer­
cises); other techniques must be carefully developed in response to the 
requirements of specific projects (questionnaires). 

Prior to Fieldwork 

Time limits and the large size of the research area mandated that our plans 
be detailed yet flexible, and that we have data collection instruments ready 
for use prior to departure for Morocco. Before our departure, we devel­

oped an outline of data necessary for basic socioeconomic and ecological 
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Figure 6.2 Cropping and irrigation calendar diagram used by the Ziz 
Valley RRA Project. 

analyses of irrigation systems, a preliminary interview structure for use 
in our discussions with farmers, a plot survey form, and, finally, a graphic 
instrument for diagramming the annual cropping and irrigation calen­
dars (figure 6.2) . .In finalizing the project design during our first week in 
Morocco, we selected the following methods to glean the most informa­
tion from a short period of fieldwork in diverse situations: background 
research, key consultant interviews, group interviews, informal consulta­
tions, impromptu farmer surveys, plot surveys, photography, crop calen­
dar diagramming, and farmer activity demonstrations. In what follows, 
we describe each data collection technique and examine the biases that 
can potentially corrupt their results. 

Background research is the accumulation of all manner of data from 
secondary sources; it helps to focus field investigations on the most ap­
propriate geographical and topical emphases. Our background research 
took place in the United States and in Rabat, and continued during our 
fieldwork at ORMVAT headquarters and various ORMVAT Centres de Mise 
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en Valeur (cMvs; agricultural extension offices). We structured our three­
community sample and our interviewing schedule on the basis of a three­
day reconnaissance of the entire study area and information on farm loca­
tion, labor demographics, and cropping system variability available from 
IAV and ORMVAT libraries and archives. These sources also yielded infor­
mation on long-term trends in precipitation, hydrology, and crop yields. 

Field Techniques 

Although most of the methods discussed here are widely applied and well 
understood, the potential for misapplication exists. For this reason, each 
technique merits a brief description along with an evaluation of its use in 
our RRA study. 

Key consultant interviews are in-depth discussions with individuals 
possessing information of particular relevance to a project. The individu­
als we targeted for these interviews were treated as experts. At our request, 
in addition to substantive data, most of them provided frank and useful 
assessments of our goals, methods, and preliminary findings. 

Group interviews are semistructured conversations with more than 
one individual. Group interviews proved to be excellent ways to elicit di­
verse opinions on controversial issues. Although this technique can intro­
duce researchers to new perspectives, it can also lead to tangential discus­
sions. In Morocco, and in other places where farmers are typically eager 
to share their views, interviews with more than three farmers can be dif­
ficult to keep on track. Group interviews are most profitably conducted 
during early stages of fieldwork, as a means for introducing the project to 
locals, and for identifying farmers' primary concerns. 

Impromptu farmer surveys are nonsystematic efforts to obtain re­
sponses to a particular question from a readily accessible sample of indi­
viduals. One afternoon, for example, five farmers that we encountered in 
their fields were polled on the number of irrigation applications required 
for corn crops. This technique is more appropriate as a means for im­
proving the analytic value of the questions being asked than as a way of 
obtaining representative responses. 

Informal consultations are brief and unplanned conversations with 
individuals or small groups. Informal consultations with people we met 
in fields, villages, and other contexts proved a valuable way of identifying 
issues and data sources that subsequently became central aspects of the 
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project. The unstructured nature of these consultations led to discussions 
not always subsumed by more formal data collection, alerting us to issues 
that emerged as particularly important in the course of the study. For ex­
ample, a walk through fields near one village provided the opportunity 
to discuss the relative merits of manuring and chemical fertilization with 
farmers applying the two different nutrients at the same time in adjoining 
fields. Chemical fertilizers are being "pushed" by many extension agents 
(in Morocco and elsewhere), and this informal session opened our eyes to 
the benefits and costs of forsaking the more traditional manure applica­
tions. 

Plot surveys record data on the physical and biological characteristics 
of agricultural plots (e.g., plot dimensions, technical features, crops, and 
economic trees). We used a recording form with questions on one side and 
a map grid on the back. The grid was used in sketching the plot and its 
contents. Also, because this technique requires only observational skills, 
it allows less linguistically proficient team members to contribute signifi­
cantly to data collection. 

Farmer activity demonstrations are responses to requests to "show us 
how that is done." These demonstrations can clarify points made orally, 
and can provoke additional questions. They also create opportunities for 
team members to gain appreciation for the many skills involved in local 
agriculture. 

Photography provides a visual record of the people, places, and fea­
tures relevant to fieldwork. We employed aerial photographs collected 
during background research to establish our location on larger-scale topo­
graphic maps, and to identify spatial relationships not apparent on the 
ground. We shot a parallel set of color slides (for presentations and archi­
val purposes) and black-and-white prints (for publications). Color prints 
were taken when consultants or acquaintances showed an interest in being 
photographed. Our willingness to snap pictures was seen as a sign of 
friendship, and typically increased individuals' responsiveness to our in­
quiries. Our summer 1991 photographic documentation is available for 
comparison with records from other seasons and years (past and future) 
with the goal of gaining insight into the dynamics of field, river channel, 
and social conditions before and after the region's irrigation development 
(Welch, Mabry, and Ilahiane 1996). 

Cropping and irrigation calendar diagramming is the elicitation of in­
formation on the typical annual calendar of agricultural activities. We 
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employed a graphic data collection instrument showing the annual cycle 
of seasons marked on a large circle (figure 6.2), but linear graphs or other 
formats may be more in tune with conceptions of time elsewhere. Some 
farmer consultants constructed pie-type charts, while others elected to 
draw concentric bands to depict the timing of critical irrigation activities. 
Although we had intended to use this method only with farmers, it was 
also employed to elicit data on extension agents' annual activity cycle, 
and it facilitated consultations with engineers about the annual schedule 
of reservoir water releases. Comparison of the different responses of these 
three participants in Ziz Valley agriculture (farmers, extension agents, and 
engineers) highlighted differences in perceptions of seasonal variations in 
irrigation activities and cropping patterns. 

Other diagramming. Whenever a consultant (or team member) was 
interested in expanding or clarifying a particular point, we provided a 
piece of paper and a pen to facilitate expression. Responses ranged from 
simple lists to complicated diagrams. Some farmers drew diagrams on the 
ground instead. 

Potential Sources of Bias in RRA Studies 

The following discussion of factors that threaten the integrity of RRA data 
collection techniques reflects specific situations our team encountered in 
the study area. Nonetheless, the comments are intended to assist research­
ers in formulating data collection strategies for other regions. 

Institutional Affiliation Biases 

Institutional affiliation can become a source of bias when there are over­
lapping jurisdictions in host countries. National or local administrators 
often have cultural, political, or administrative motives for seeking to 
limit the time or territory available to fieldworkers. The astute researcher 
will avoid political entanglements by remaining independent while, at the 
same time, developing substantial connections with a wide range of indi­
viduals as well as with local and national organizations (e.g., village coun­
cils, rural development and agricultural agencies, universities). Although 
institutional independence is seldom possible for logistical reasons (e.g., 
transportation, office support), this freedom should be maintained as long 
as possible. 
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Spatial Biases 

Spatial sampling is probably the most important problem facing the re­
searcher applying RRA methods. Locational factors have pervasive influ­
ences on the representativeness and quality of the data collected. To avoid 
spatial biases, wherever practical, get away from extension offices; go be­
yond paved roads and settlements with modern amenities; break out of 
pre-chosen sample areas.1 In irrigation systems, visit the head, middle, and 
tail of the cultivated areas. 

Temporal Biases 

Time-sampling problems are perhaps the most difficult to overcome. Few 
projects have access to data sets containing similar information for each 
distinct cropping season, much less for previous years. Because of the 
importance of these data for most development concerns (e.g., sustain­
ability), it is imperative that researchers seek information on the entire 
calendar year, last year, the best year, the average year, and the worst year. 
If possible, visit the system at different seasons of the year, days of the 
week, and times of the day. Avoid rigorous scheduling unless it is abso­
lutely necessary; wander the system. Investigate discontinuities between 
reports and observations. Oral history is an excellent source of informa­
tion on long-term environmental and system changes, provided that the 
testimony can be cross-checked and anchored to specific dates (e.g., years 
remembered for severe droughts, floods, and pest infestations, which are 
often exaggerated in their retelling). 

Personal Biases 

Sampling problems related to individual roles and perceptions are also 
difficult to avoid when working in an RRA framework. Although it is 
important from the standpoint of community relations and breadth of 
understanding to obtain data from many sources, depth of understand­
ing must be established by targeting primary sources for the data critical 
to a project's focus. Volunteered testimony should be listened to, but then 
scrutinized in terms of the motivations of individuals eager to contribute 
and in terms of the individuals' qualifications to speak as experts on par­
ticular topics. 
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Our approach to Ziz Valley farming explicitly assumed that subsis­
tence farmers, rather than administrators, engineers, or extension agents, 
were the real experts. Despite impressive knowledge and sincere inten­
tions, extension agents are seldom farmers themselves. They are often 
unfamiliar with the details of farming systems so critical to long-term 
agricultural success. We avoided infield participation in our data collec­
tion by extension agents, engineers, and bureaucrats. These individuals 
may seek to promote special interests or programs, and their presence in­
variably influences farmers' responses. Ziz Valley extension agents, for ex­
ample, often answered questions we had directed at farmers, arguing that 
farmers "do not know how to say it right." We were particularly wary of 
agents' influences when they disparaged indigenous know-how. However, 
if researchers wish to understand the bureaucratic culture in which exten­
sion agents operate, and to identify problems between administrators and 
farmers, they should also interview the bureaucrats. 

Skill Biases 

Variability in skills within the research team constitute a significant prob­
lem in the typically multidisciplinary RRA framework. Because of the im­
portance of collecting appropriate data on the first attempt, the strengths 
and weaknesses of team members' data collection skills have to be built 
into the division of labor. Language skills are particularly critical in rural 
Morocco. Although a great deal of useful data on material and physical 
aspects of irrigation farming can and should be collected by team mem­
bers uninfluenced by oral cues, participation in interviews that demand 
detailed information about everything from techniques to perceptions of 
differences between past and present, require that at least one team mem­
ber be 100 percent fluent in the local dialect(s). 

Although this point is obvious to most fieldworkers, it bears repeating 
that farmers seldom think like interviewers or administrators, engineers, 
and extension agents. Academic jargon does not translate well. Simple 
questions presented in the local idiom are essential for collecting clear and 
relevant data. 

RRA Potentials and Limitations 

Next we discuss the costs and benefits of an RRA approach to collecting 
information for arid land irrigation development by examining the results 
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of our work in terms of data relevance, data reliability and replicability, 
and the comparative potential of the research. These three qualitative di­
mensions of variability constitute a means for evaluating the success of 
data collection efforts, and for making observations on the overall utility 
of RRA as a tool for development planners. 

Data Relevance 

The relevance of data can be measured by the degree to which the types of 
information collected meet the analytic needs that prompted the inquiry. 
In general, because RRA is a broad research strategy that gives researchers 
great latitude, RRA generally rates well in terms of relevance. Because our 
objectives were primarily methodological, however, a brief reconsidera­
tion of the analytic needs outlined in the Tadla PID (usArn 1991) identifies 
the categories of data we pursued and reveals that the Ziz Valley project 
results were relevant in terms of developing methods potentially useful 
in the Tadla region. In light of the limited amount of social and ecologi­
cal data available for the Tadla area, the first step might involve defining 
the range of geographical, technological, and social variability in the re­
gion. RRA is ideal for such purposes. A second phase might determine the 
modal strategies (for water use, cropping, seeking credit, and so on) em­
ployed by the major subsets of Tadla's farmers. A third step could then 
evaluate common strategies in terms of risk minimization, profit maximi­
zation, and long-term ecological sustainability in order to identify general 
problem areas, understand deviations from general patterns, and formu­
late development programs. 

We are confident that the RRA approach is well-suited to contribute to 
at least the first two steps previously outlined. Our data collection efforts 
successfully identified the basic range of variability and the distinctive ele­
ments of the three Ziz Valley irrigation systems studied. An additional 
month of fieldwork would have been required for us to rigorously define 
the modal strategies adopted by groups of farmers from the three regions, 
but we think that the methods employed could have been easily adapted to 
serve this goal. In contrast, the third goal of strategy evaluation and pro­
gram formulation probably would not be best served byan RRA approach. 
RRA is a poor substitute for the detailed, long-term research necessary for 
large-scale irrigation development planning. RRA is most appropriate in 
initial phases of projects. 
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Data Reliability and Replicability 

Often viewed as the hallmarks of science, data reliability and replicability 
lose much of their analytic value outside of the laboratory. Reliability 
refers to the precision and accuracy of the information, while replica­
bility is, in the context of development studies, a concept for determining 
whether questions about whether the data collected represent the spatial, 
temporal, and behavioral variability within the study universe. Regret­
tably, some of the same qualities that make RRA most attractive to de­
velopment planners (flexibility, efficiency, problem-orientation) may limit 
the reliability and replicability of RRA data. For example, only on rare 
occasions was our team able to pose follow-up questions to individual 
farmers or to cross-check information supplied by a particular exten­
sion agent or farmer during subsequent consultations. The "hit-and-run" 
nature of RRA similarly constrains researchers' capacity to ascertain the 
representativeness of their results for the region as a whole, for other times 
of the year, and for individuals not contacted. This has become a serious 
problem in other projects. The solution is clear: Development initiatives 
must be prepared for long-term commitment to, and involvement with, 
the communities of people they seek to assist. As an example, Uphoff 
(1988) details an enlightened program for farmer participation in project 
design and implementation and, far more importantly, in project evalua­
tion and redesign. 

Comparative Potential 

Whether the data collected are of use to other projects and are organized 
in a way that allows comparison with data from other projects determine 
its comparative potential. Comparability is becoming an increasingly im­
portant criterion for evaluating the results of development studies as 
publication outlets increase in number and scope, as planners realize the 
benefits of learning from previous mistakes, and as development research 
becomes more closely articulated with mainstream concerns in various 
academic disciplines. Although it is probably beneficial for researchers 
to maintain an eye toward comparability, their primary goal should be 
to collect data relevant to immediate project objectives. This means that 
data collection methods successful in one project should not be applied 
in "cookbook" fashion elsewhere. On the other hand, the collection of 
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fundamental types of empirical data should be a universal aspect of all 
agricultural development projects. For arid land irrigation studies in par­
ticular, all researchers should give high priority to obtaining information 
on social relations of production, precipitation patterns, the size of field 
systems, water quality and quantity, the annual cycle of cropping prac­
tices, and yields. 

For the Ziz project, collecting these fundamental data in the field and 
comparing them with published data revealed some intriguing parallels 
between Ziz Valley agriculture and the productivity and sustainability of 
agricultural systems elsewhere in Morocco, and in other world regions 
(Mabry, Ilahiane, and Welch 1991; Mabry and Cleveland, chapter 11). 
For example, we employed data compiled by extension agents as well as 
farmer interviews to examine agricultural costs and returns in the Ziz 
Valley. Comparisons with other regions indicated that the Ziz Valley is a 
reasonable model for what sustainable irrigated agriculture looks like in 
Morocco, and the model merits emulation as well as further study. The 
data also demonstrate that Ziz Valley farmers make many decisions on the 
basis of nonmarket objectives. For example, 60 to 100 percent of wheat 
production along the Ziz River is primarily for household consumption. 
Labor resources usually come from within the family or arranged labor 
groups (see Netting 1993). When outside labor is necessary, payment is 
often a proportion of the harvest, rather than cash. These patterns strongly 
suggest that Ziz Valley farmers seek, in general, to minimize risks rather 
than maximize profits. In the drought-prone pre-Sahara, stable yields and 
agricultural sustainability are more important than short-term produc­
tivity. 

RRA proved extremely valuable in identifying these patterns, and is 
ideally suited for the collection of the parallel data sets required to ex­
pand these sorts of comparative analyses. The efficiency and resilience of 
the Ziz Valley's farmers indicate that new programs for improving re­
source management and encouraging more effective credit distribution­
at Tadla and elsewhere-should encourage and incorporate community 
input, building on the successes of traditional patterns while making inno­
vative strategies available to farmers through pilot and demonstration 
programs (Moles 1989). 
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The Potentials of R RA 

What RRA fails to provide in terms of reliability and replicability it can 
make up for in flexibility, relevance, and data comparability. The RRA 

strategy provides a wealth of data collection options, many of which are 
useful for arid land irrigation development studies. Linkages between 
farmers' problems and regional development objectives are vital to project 
success, and RRA is well-equipped to assist in defining these links, and to 
determine the appropriateness of development project goals and meth­
ods. Such research on smallholders and existing irrigation institutions can 
provide models for efficient and sustainable resource management. 

Although RRA studies that tap into local funds of knowledge are a step 
toward the goal of grassroots development, achievement of full farmer par­
ticipation requires that planning personnel signal long-term commitment 
to local communities, rather than to the project, per se. The local level of 
interest in development is likely to be inextricable from their broader con­
cerns with controlling critical resources, minimizing risks, and influencing 
project decision making to meet their changing needs. The most effective 
means for determining whether a particular innovation holds promise 
for an alternative context is to introduce it to farmers, and let them de­
cide whether or not to use it (Richards 1985). This strategy demands that 
the unfortunate communication gap that separates the scientific commu­
nity and rural farmers be overcome, and that scientists take the lead in 
this regard. Traditions should be treated as reflections of tried-and-true 
strategies rather than as impediments to modernization and progress (see 
Abdellaoui 1987; Chambers 1988, 1990). As a flexible and effective ap­
proach to getting to know the people, places, and customary farming of a 
region targeted for a development initiative, RRA is an appropriate means 
for bridging the gap between innovations and more traditional farming 
techniques and community concerns. 
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Note 

1. For safety reasons, and to avoid "diplomatic incidents," researchers should pay 
close attention to the dynamics between government officials and farmers and to local 
politics before exploring unselected areas or getting away from government escorts. 
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-Simulation Modeling of Balinese Irrigation 

J. Stephen Lansing 

for over a thousand years, Balinese rice farmers have engaged in co­
operative agricultural practices. This remarkable achievement in sustain­
able agriculture is surprising given the apparent absence of any central­
ized coercive control mechanism, and water supply conditions that could 
easily lead to a rapid breakdown of cooperation. For the past decade I have 
collaborated with a systems ecologist, James N. Kremer, in an analysis of 
the role of the traditional system of "water temples" in the management 
of water in Balinese rice terraces. Previously, conversations with Balinese 
farmers and my own observations had persuaded me that the regional co­
ordination of cropping patterns by water temples had significant effects 
on rice production. In 1987, I began to work with Dr. Kremer to develop 
computer simulation models of Balinese irrigation systems to evaluate the 
productive role of water temples. 

We have reported the results of this research in several publications.1 

The purpose of this chapter is not to comment further on these results, but 
rather to clarify the methodology. My aim is to demonstrate the potential 
usefulness of simulation modeling as a tool for social scientists interested 
in the relationship between social and ecological factors in traditional irri­
gation systems. For this reason I will not discuss the predictive model of 
two rivers and 172 local irrigation systems that was used to analyze the 
role of water temples in a particular region of Bali. Instead, I will consider 
the workings of a simple three-field model based on the same logic as 
the 172-field empirical model. The two models differ only in that the 172-
field model includes empirical values for all variables, whereas the simple 
three-field model is a conceptual model with the simplest possible values 
for all variables. 

The model described here was built using a modeling program called 
Stella™.2 A complete description of the Stella™ model is included at the 
end of this paper, so that anyone with access to the Stella™ software can 
reproduce the model for themselves, or construct a similar model in some 
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other computer language. It is, however, not necessary to recreate the 
model to make sense of the paper. 

What kinds of insights can be gained by creating simulation models 
of traditional irrigation systems? Irrigation systems may develop over a 
period of decades or centuries in response to shifting patterns of social 
and ecological influences. In any given case, it may not be possible to 
discover how much of the resulting pattern of organization is the result 
of deliberate planning, and how much is a trial-and-error response to 
local conditions. Even securing a rigorous understanding of the present­
day dynamics of water management in a given case may appear to be out 
of reach because of the sheer complexity of the problem. Hydrological 
models of the type constructed by engineers and hydrologists require pre­
cise data on such topics as rainfall, subsurface geology, evapotranspiration, 
groundwater flows and catchment areas.3 Similarly, crop models (the re­
sponsiveness of grain crops to conditions such as nutrient flows) and pest 
models (the population dynamics or growth characteristics of pests) are 
usually formulated by agronomists as detailed mechanistic models.4 And 
social scientists know that the social relationships involved in traditional 
irrigation systems are often very complicated. For these reasons, it might 
appear that a deterministic model that could predict, for example, differ­
ences in harvest yields based on different management scenarios would be 
immensely complicated, assuming that it could be constructed. 

Systems ecological simulations differ from the models used by hy­
drologists or plant biologists, however, in that these models are used only 
to simulate the effects of detailed mechanistic processes. For example, I 
ignore most of the specific biology of rice pests and model only two fac­
tors: their speed of diffusion (the rate at which they move across the 
landscape), and the amount of damage they cause to rice plants. This sim­
plification is not only permissible, but appropriate if our interest lies not 
in the differences between, for example, the effects of various types of in­
sects and virus pests on different rice varieties, but in the aggregate effect 
of pest populations on rice yields at the watershed scale. 

What can we learn from simulation modeling at the watershed scale? 
This is the appropriate level of analysis if our interest is not in plant bi­
ology or tertiary irrigation flows, but rather in the effects of the social 
management of cropping cycles in a watershed that includes more than 
one or two irrigation systems. The purpose of creating such a model is to 
try to capture the underlying dynamics of the system at this scale, and by 
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so doing gain insight into the relationship between social systems of con­
trol and their ecological effects. Once a model has been constructed, it can 
be tested in two ways: model predictions can be compared with real data, 
and the dynamics of the model itself can be analyzed through a process 
called sensitivity analysis. Experiments that would be impossible to per­
form in the real world can be conducted in the model world, to help the 
modeler evaluate how well her conceptual model of the system explains 
the range of observed behavior in the real world. 

Traditional Irrigation and 

the Green Revolution in Bali 

Our interest in trying to find a way to analyze the ecological effects of the 
traditional management system was stimulated by the crisis in rice pro­
duction triggered by the advent of the "Green Revolution" in Bali. During 
the 1950s, Indonesia (figure 7.1) was forced to import nearly a million tons 
of rice each year. The government of Indonesia was thus very receptive 
to the promise of higher yields from the "Green Revolution" in rice, and 
in 1967 launched a major program called BIMAS (Bimbingan massal, or 
"massive guidance") to boost rice production by providing farmers with 
high-yielding rice seeds and access to fertilizers and pesticides. The new 
rice varieties grew faster than the native crops, and farmers were encour­
aged to triple-crop the new rice whenever possible. BIMAS reached Bali in 
1971, and by 1977 about 70 percent of the rice terraces in South Bali were 
planted with Green Revolution rice. At about the same time, the Asian 
Development Bank began a major irrigation development project in Bali. 
Rice production increased, but as early as 1974 field-level agricultural offi­
cials in Bali were reporting "chaos in water scheduling" and "explosions 
of rice pests." 5 In 1984 I wrote an unsolicited report to the Asian Devel­
opment Bank, in which I tried to show how these problems were linked 
to their disruption of the traditional system of water management. 

My report to the bank emphasized the ecological role of water sched­
uling and pest management by water temples. Before the Green Revo­
lution, Balinese farmers met annually in regional water temples to set 
cropping patterns, which often involved staggering irrigation schedules 
from one irrigation system to the next. Ritual ties between water temples 
emphasized the interdependency of upstream-downstream relationships, 
and the temples also helped solve quarrels over water rights. With the ar-
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Figure 7.1 Location of Bali, Indonesia 

rival of the Green Revolution, religious ceremonies continued to be held 
in the water temples, but farmers were encouraged to plant rice as often 
as possible and the temples lost control of cropping schedules. Yet these 
traditional schedules had important effects on both water sharing and 
pest control. By enabling the farmers to synchronize cropping patterns, 
the temple networks provided a mechanism to facilitate water sharing, 
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and also enabled the farmers to synchronize harvests and thus create brief 
fallow periods over large areas, thus reducing rice pest populations by de­
priving pest populations of their habitat. The success of fallow periods as 
a pest control technique depended on the extent and duration of the fal­
low period. Unless all of the fields in a large area were fallow at the same 
time, pests could simply move from field to field. I urged the Asian Devel­
opment Bank to consider trying to strengthen (rather than weaken) this 
traditional system of water temple scheduling as an ecologically sound 
system of water management. But my advice was formally rejected by the 
director of irrigation and rural development projects in a memorandum 
to the vice-president of the bank in 1984: 

We do not fully share the expressed concerns of Mr. Lansing. Cer­
tainly there is a direct relationship between large areas of fallow land 
for a considerable period and the population of pests. However, pest 
control programs carried out efficiently and effectively will control 
the pest population and allow growing of rice year-round if adequate 
water resources are available as is done, for example, in certain areas of 
Central and East Java where farmers grow three rice crops per annum. 
It should be noted, that there is no development without affecting 
traditional systems or customs. Everybody can criticize and damage 
a project, but only a few people can overcome those difficult problems 
and make the project viable.6 

The Asian Development Bank continued to advocate the use of pes­
ticides rather than synchronized fallow periods as the right way to con­
trol pests. Four years later, a study by World Bank officials reported 
that the use of pesticides had by then "pervasively polluted the island's 
soil and water resources." 7 Meanwhile, I had become convinced that the 
water temple system had evolved to optimize the tradeoffs between water 
sharing and pest control in different regions of Bali. In the traditional 
farming system, groups of subaks (local irrigator associations) belonging 
to local water temples adjust cropping patterns cooperatively to achieve 
fallow periods over sufficiently large areas to minimize dispersal of pests, 
but coordination of rice planting over too large a scale would create in­
efficient peaks of water demand. Simulation modeling provided a way to 
analyze this trade-off, and in so doing gain a deeper insight into the effec­
tiveness of the temple system as a system of ecological management. 
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Field 1 

Figure 7.2 A model of two adjacent fields. 

Modeling: First Steps 

Field 
2 

The modeling process begins with an attempt to represent the processes 
that determine the behavior of the system. We begin with a model of a 
weir, or diversionary dam, that leads part or all of a river flow into a canal 
leading to two adjacent field (figure 7.2). 

The amount of water in the river depends on rainfall and groundwater 
flow. In our model, QI represents the amount of rainfall that goes directly 
into the river as runoff from the catchment area. Q2 is the flow into the 
irrigation canal; Q3 is groundwater flow, and Q4 is the proportion of the 
flow that goes into other irrigation systems on the other side of the river 
(figure 7.3). 

The amount ~f rainfall in Bali varies seasonally, which has important 
implications for irrigation in the dry season. We can simulate this seasonal 
effect with a simple equation for annual rainfall (see appendix for all equa­
tions). The result is a simple hydrological model where daily flow into our 
irrigation system ( Q 2) is the sum of rainfall-runoff and groundwater flow 
(figure 7.4). 

The next step is to simulate the growth of rice in the fields. For the 
sake of simplicity, we assume that rice will grow in the fields until it is har­
vested, as long as there is sufficient water. Insufficient water for irrigation 
will cause a proportional reduction in rice growth. In figure 7.5, note that 
each harvest does not remove all of the rice. In the real world, after har­
vest much of the plant is left in the fields, where it continues to provide a 
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habitat for rice pests such as insects or diseases. Because we are interested 
in pests, we can simulate this effect in the model by harvesting only 95 
percent of the rice. 

To model pests, we postulate that there is a small background level of 
pest infestation on the first day of the simulation. Subsequently, the pest 
population will grow as long as there is rice for them to consume. Har­
vests reduce pest populations by removing most of the rice from the fields 
(figure 7.6). 

In the model, the pest population gradually declines in the first six 
weeks of the simulation because of the lack of food (rice). Thereafter, the 
pest population tracks the growth of the rice crops. The second harvest is 
smaller than the first because of the larger pest population (figure 7.7). 
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Figure 7 .8 Pests diffuse from Field 2 to Field 1. 

But pests are not only growing in field 1; they are also growing in 
field 2, and will spread from one field to its neighbor (figure 7.8). 

In figure 7.9, I calculate the effects of the diffusion of pests from field 2 

to field 1. Note that the harvest of rice ( Q7) for field 2 is higher than the rice 
harvest for its neighbor (Q5), because some of the Q8 pests are eating Q5 

rice. As the model run continues, this effect is enhanced for the second har­

vest, because the pest population and pest diffusion continue to increase. 
Having developed a method to model pest damage and pest diffusion, 

attention turns to the question of water sharing. If the flow downstream 
to the Q4 paddies is increased by a small amount, from 25 to 30 percent of 
the runoff, the harvests of QS and Q6 are substantially reduced. The first 
harvest of QS, for example, declines from 11 to about 7.4 tons per hectare 
(figure 7.10). 
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Figure 7.10 Reduction in yields caused by diverting 5 percent additional 
runoff to downstream neighbors. 

This result indicates that the model is very sensitive to differences in 
water sharing. To make the point even clearer, suppose we increase the 
share of the runoff to the Q 4 paddies downstream from 30 to 50 percent of 
the flow. The result is a very drastic reduction in Q5 through Q8, as shown 
in figure 7.11. 

By staggering planting dates so as to share available water with down­
stream neighbors (Q4), however, water stress for Q5 and Q6 can be elimi­
nated. As long as the share of water released to the downstream fields does 
not exceed 25 percent of the runoff, there is enough water for all. Using 
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Figure 7.11 Effects of doubling the share of irrigation runoff to down­
stream neighbors. 

the equations for the model that are listed in the appendix, the differences 
between the graphs in figures 7.9, 7.10, and 7.11 are solely due to changing 
the J4 equation from J4 = .25 x QlRunoff (figure 7.9) to J4 = .3*Q1Runoff 
(figure 7.10) and J4 = .S*QlRunoff (figure 7.11). 

Similarly, pest damage can be minimized by setting a cropping pat­
tern that will produce a fallow period extending over all of the adjacent 
fields. The optimal solution for this trade-off between water sharing and 
pest control depends on local conditions, and will not be identical for all 
regions. If there is plenty of water at all times, a uniform cropping pat­
tern will produce the highest rice yields by minimizing pest damage. But 
if water is limiting, some offsetting of planting dates may produce the best 
yields. 

This simple model yields a basic insight into the ecological role of 
the water temple system. If we paid no attention to the relationship be­
tween fallow periods and pest populations, it would seem that the up­
stream subaks would lack any incentive to cooperate with their down­
stream neighbors. But if we take the role of pests into account, we can see 
that upstream subaks have much to gain by cooperation. Helping their 
downstream neighbors satisfy their water needs is likely to be in their own 
self-interest, because it will allow them to synchronize irrigation sched­
ules and reduce losses from pests. The model has the surprising result that 
under certain conditions, increasing the pests can lead to higher average 
rice yields. This can be seen by formulating the trade-off between water 
sharing and pest control as a Prisoner's Dilemma.8 
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Table 7.1 Prisoner's dilemma payoff matrix for subak cooperation. 

Upstream subak 

Downstream subak 

Cooperate 
(synchronize) 

1 - 6 

1r: represents damage caused by pests 
b represents damage caused by water shortage 

Defect 
(stagger plantings) 

1 - 7f 

1 - 7f 

Assume that there are two subaks, one upstream and one downstream. 
The water supply is adequate for both subaks if they stagger their crop­
ping pattern. But if both subaks plant at the same time, the downstream 
farmers will experience water stress and their harvests will be somewhat 
reduced. Assume further that pest damage will be higher if plantings are 
staggered (because the pests can migrate from one field to the next), and 
lower if plantings are synchronized. This situation is modeled in table 7.1 
as a simple two-person Prisoner's Dilemma payoff matrix. 

The upstream farmers do not care about water stress, but their down­
stream neighbors do (this is the famous "tailender" problem: the farmers 
at the tail end of an irrigation system are at the mercy of their neigh­
bors upstream, who control the irrigation flow). But the upstream farmers 
do care about pest damage, and pests, unlike water, are quite capable of 
moving "upstream." So cooperation will always achieve higher yields for 
the upstream farmers. Downstream farmers will obviously achieve higher 
yields by cooperating when n > 6. Interestingly, there exists a range of 
pest levels such that increasing the amount of pest damage in the model 
can result in higher aggregate yields. When o < 6 < n / 2, increasing n will 
increase the incentive for the downstream farmers to cooperate, and lead 
to a higher aggregate harvest from the two subaks. 

Testing Model Predictions: 
The Manuaba Subaks 

The simulation model allows us to capture the dynamics of a system in 
which rice yields in a given field depend upon the trade-off between water 
sharing and pest control through coordinated fallow periods. But how 
well does this model correspond to the real world? Figure 7.12 shows the 
approximate location of two small irrigation systems consisting of eleven 
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Figure 7.12 Diagram of the Bayad and Manuaba irrigation systems in 
Southern Bali. 

subaks in the upper reaches of the Petanu River in south-central Bali. As 
the diagram shows, the Bayad weir provides water for a hundred hectares 
of rice terraces organized as a single subak. Technically, a subak consists 
of all of the farmers who obtain water from a common tertiary source. A 
few kilometers downstream from the Bayad weir, the Manuaba weir pro­
vides water for about 350 hectares of terraces, organized into ten subaks. 
Note that in the Manuaba system two subaks, Celeng and Patas, obtain 
water from one canal, while the remaining eight subaks obtain water from 
the second canal (table 7.2). 

Empirical data on rainfall, irrigation flow, cropping patterns, harvest 
yields, and pest infestations in this area for 1988 and 1989 were collected 
by a team of Balinese undergraduate students for the modeling project.9 

All ten subaks in the Manuaba system planted IR 64, a high-yielding 
Green Revolution rice, in mid-September 1988 and harvested an aver­
age of 6.5 tons per hectare in mid-December. Subsequently, they planted 
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Table 7.2 Sizes of subaks in the Manuaba irrigation system. 

Subak 

Gunung 

Patas 

Celang 

Umalawas 

Umalawas Kaja 
Pinyul 

Dukuh 

Munggu 

Penganyangan 

Kendran 

Area (hectares) 

36 

42 

46 

22 

35 

35 

15 

15 

35 

69 

Number of members 

57 

68 

73 

40 

75 

52 

32 

40 

45 
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kruing (another high-yielding rice) in early February and harvested 6 tons 
in May. In June, they all planted vegetables and harvested approximately 
2 tons per hectare in August. 

The cropping pattern synchronized harvests for all ten subaks, en -
compassing 350 hectares of rice terraces, thereby possibly helping to keep 
down pest populations. Pest infestations for this period were reported to 
be minimal: less than one percent damage to the rice crops, primarily 
from the brown planthopper. This compares to pest losses of up to 50 per­
cent of the crop in the late 1970s, when subaks planted rice continuously 
and cropping patterns were very disorganized. 

The average flow of approximately 3 liters per second per hectare is 
low, and suggests that the Manuaba subaks may have experienced some 
water stress (figure 7.13). Certainly, there was never any excess water. In 
that light, it is interesting to note that the Bayad subak upstream followed 
exactly the same cropping pattern as their downstream neighbors, except 
that they began two weeks earlier. In general, irrigation demand is high­
est at the beginning of a new planting cycle, because the dry fields must 
become saturated. By starting two weeks after their upstream neighbors, 
the Manuaba subaks could avoid water shortages at the time when irri­
gation demand peaks. Interestingly, the Bayad subak reported an average 
yield about one ton per hectare higher than the Manuaba subaks. Unlike 
Manuaba, Bayad also apparently has more than enough water to meet its 
maximal irrigation demand. 
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Figure 7.13 Irrigation intakes at the Bayad and Manuaba weirs. 

It would appear, then, that the recent history of the Bayad and 
Manuaba irrigation systems conforms quite well to the assumptions and 
predictions of our model. By synchronizing their planting schedules, the 
two groups of farmers minimize pest damage, possibly at the cost of some 
water shortages at the downstream system. When government agricul­
tural policy forced the downstream farmers to defect, pest losses quickly 
mounted and provided a stimulus for the farmers to return to the pat­
tern of cooperative synchronized planting schedules. The two-week offset 
appears to be a bit of clever fine-tuning of irrigation schedules by the 
farmers, allowing them to offset peak irrigation demand without giving 
up the synchronized fallow period. (As I have noted elsewhere, the inter­
dependency of the two irrigation systems is given symbolic expression by 
ceremonial ties between the deities of the two weirs.) 10 

Conclusions 

A detailed empirical model that embodies the logic we have developed 
for the Stella™ model was tested against observed data for 85 percent of 
the 172 subaks that obtain their water from the Petanu and Oos Rivers.11 
The results showed that most of the observed variation in yields was in 
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Figure 7.14 A Stella™ model of the two-field system. 

close agreement with the predictions of the model. Evidently, the effects of 
regional coordination of cropping patterns by water temples is more im­
portant in explaining variations in yields than more detailed local mecha­
nisms or effects. For this reason, we can say with some confidence that this 
relatively simple conceptual model (figure 7.14) apparently captures the 
basic dynamics of the system at the regional scale. Perhaps other research­
ers may be encouraged by these results to look for other cases in which 
the collective management of irrigation has important ecological effects. 

Notes 

1. J. Stephen Lansing, Priests and Programmers: Technologies of Power in the Engi­
neered Landscape of Bali, Princeton: Princeton University Press, 1991; J. Stephen Lansing 
and James N. Kremer, "Emergent Properties of Balinese Water Temple Networks: Coadap­
tation on a Rugged Fitness Landscape," American Anthropologist March 1993; J. Stephen 
Lansing and James N. Kremer, "Engineered Landscape: Balinese Water Temples and the 
Ecology of Rice," Encyclopedia Brittanica Yearbook of Science and the Future, 1996, Chicago: 
Encyclopedia Brittanica, 1995. 



Balinese Irrigation 155 

2. "Stella™ II" is a very easy-to-use computer application for modeling with dif­

ferential equations, available from High Performance Systems, 45 Lyme Road, Hanover, 

N.H. 03755; telephone (603) 643-9636. I have often used it to teach ecological modeling to 

students. 
3. Such as the U.S. Army Corps of Engineers HEC series of finite element modeling of 

shallow water flow, or the Brigham Young School of Engineering FastTABS hydrodynamic 

models, or the U.S. Geological Survey ( usGs) three-dimensional groundwater flow model, 

M0DFL0W. 
4. Such as the United Nations Food and Agriculture Organization (FAO) CR0PWAT 

models. 
5. J. Stephen Lansing, Priests and Programmers: Technologies of Power in the Engi­

neered Landscape of Bali, Princeton: Princeton University Press, 1991, pp. m-17. 

6. Memorandum from K. Takase, Director of Irrigation and Rural Development De­

partment, to Vice President (Projects), Asian Development Bank, 2 October 1984. Pro­

vided to me by the Acting U.S. Executive Director of the Asian Development Bank. 

7. Badruddin Machbub, H. F. Ludwig, and D. Gunaratnam, "Environmental Impact 

from Agrochemicals in Bali (Indonesia)," Environmental Monitoring and Assessment 11:1-

23, 1988. 

8. I am indebted to economist John Miller for suggesting the use of the Prisoner's 

Dilemma to analyze the conditions under which the inclusion of pests in the model may 

lead to cooperation. Descriptions of the role of the Prisoner's Dilemma in game theory 

can be found in R. Axelrod, The Evolution of Cooperation, New York: Basic Books, 1984; 

and in Karl Sigmund's excellent popular account, Games of Life: Explorations in Ecology, 
Evolution, and Behavior, Oxford: Oxford University Press, 1993. 

9. The students were I Gde Suarja, Ni Made Tutik Andhayani, Dewa Gde Adi Par­

wata, and I Made Cakranegara. 

10. J. Stephen Lansing, Priests and Programmers: Technologies of Power in the Engi­
neered Landscape of Bali, Princeton: Princeton University Press, 1991. 

11. J. Stephen Lansing and James N. Kremer, "Emergent Properties of Balinese Water 

Temple Networks: Coadaptation on a Rugged Fitness Landscape," American Anthropolo­
gist March 1993. 

Appendix: Equations for the 

Stella™ Model of Fields 

QlRunoff = QlRunoff + dt x ( -Jl - J2 - J4 +Rain) 

INIT(QlRunoff) = 500 

Q2flow = Q2flow + dt x ( Jl + JS - J6 - J9 - JlO outflow) 

INIT(Q2flow) = 0 

Q3ground = Q3ground + dt x ( J2 - JS ) 



156 Lansing 

INIT(Q3ground) = 0 

Q4paddies = Q4paddies + dt x ( J4) 

INIT(Q4paddies) = .03 x Q3ground 

QSrice = QSrice + dt x ( J6 - J7 ) 

INIT(QSrice) = .1 

Q6pests = Q6pests + dt x ( J7 - JS + J12 ) 

INIT(Q6pests) = .1 

Q7 rice = Q7 rice + dt x ( J9 - Jll ) 

INIT(Q7 rice) = .1 

QSpests = QSpests + dt x ( Jll - J12) 

INIT(QSpests) = .1 

Jl = .5 x QlRunoff 

JlO outflow = Q2flow x .5 

Jll = .007 x Q7 rice x QSpests 

J12 = .5 x QSpests x QSpests 

J2 = QlRunoff x .25 

J 4 = .25 x QI Runoff 

JS= Q3ground x .3 

J6 = Q2flow x QSrice x le-5 

J7 = .007 x QSrice x Q6pests 

JS = .3 x (Q6pests x Q6pests) 

J9 = Q2flow x Q7 rice x le-5 

Rain = 1000+500 x SIN(2 x pi x time/365). 



■ Institutional Innovation in 
Small-Scale Irrigation Networks 
A Cape Verdean Case 

Mark W. Langworthy and Timothy J. Finan 

Irrigation networks with multiple users require some sort of institutional 
framework to address a wide range of management decisions. In particu­
lar, decisions about the quantity and timing of water deliveries to each 
member, procedures for paying for the operation and maintenance of the 
network, mechanisms to adjust schedules in the face of unforeseen inter­
ruptions of operation, and procedures to monitor and punish infractions 
against operating rules all must be resolved in some manner-either by 
a coalition of network members, or by an outside agency with authority 
over the network. Throughout the world a variety of institutional struc­
tures handle these management tasks. These structures range from very 
large, multi-level bureaucracies, such as those in the western United States, 
to small informal organizations of a few neighboring farmers. These in­
stitutions may be distinguished on the basis of the degree to which man­
agement functions are undertaken by network members or external agen­
cies. At one extreme are indigenous or local management institutions, 
in which the investment, management, and regulation activities are all 
done directly by some coalition of network members. At the other ex­
treme are networks in which all these activities are performed by external 
(usually national government) agencies whose constituencies transcend 
the membership of individual irrigation networks. Many irrigation net­
works around the world are characterized by some combination of local 
and external control. 

The structure and operation of the management institutions have sig­
nificant impacts on the production decisions and resulting incomes of 
network members. For example, limitations on access to water imposed by 
the way in which the network is operated may reduce individual farmers' 
yields, or even preclude production of crops with more stringent water 
demands. Analysis of the economic performance (total revenues minus 
all operating costs) of farmers under existing and alternative irrigation 
management regimes provides insights into the extent to which the pre-
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vailing institutions promote or prohibit the economic well-being of the 
network members. With this information, two specific questions can be 
addressed. First, to what extent are economic efficiency goals attained and 
are the available water resources being used to generate the greatest pos­
sible returns for the network as a whole? Second, how do the institutional 
arrangements divide the returns among the individual members of the 
network? 

In recent years, a growing number of economists have begun to ex­
amine how particular institutional structures affect the economic perfor­
mance of individuals and groups (Davis and North 1971; Hayami and 
Ruttan 1985). Hayami and Ruttan have elaborated a theory that links the 
structure of institutions with the pattern of economic and technologi­
cal change. They argue that "changes in factor endowments, technical 
change, and growth in product demand have induced change in property 
rights and contractual arrangements in order to promote more efficient 
resource allocation through the market" (Hayami and Ruttan 1985:97). In 
other words, market pressures reflecting relative scarcities and demands 
of alternative resources have directed the evolution of institutions in ways 
that have increased the productivity with which individuals use resources. 
They contend, furthermore, that there need not be a tradeoff between the 
increased total benefits resulting from institutional changes that permit 
more efficient use of resources and negative changes in the distribution of 
income among individuals in the economy. That is, institutional changes 
may provide the means to increase the total size of the pie and, as a result, 
everyone may receive a larger slice. In this framework, institutional inno­
vation is seen as a process that can promote more rapid technical changes 
and reduce the negative economic impacts of high transactions costs, 
missing markets, and resulting externalities. In their discussion of techni­
cal change in agriculture, Hayami and Ruttan place great emphasis on the 
important role of nonmarket institutions- government agencies, national 
and international research centers, universities, and private firms- in the 
process of generating new agricultural technologies. Successful develop­
ment of new technologies occurs when these institutions undertake ac­
tivities to overcome the constraints of scarce factors on total production. 

On the other hand, a different school of thought commonly referred 
to as the public-choice approach considers most nonmarket resource 
allocation institutions, including government activities, to be essentially 
wasteful (Batie 1984). Proponents recognize that there are certain areas of 
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market failure that necessitate some sort of institutional response, such as 
government regulation. All institutions concerned with allocation of re­
sources within a society are, however, assumed to have the implicit or ex­
plicit objective of increasing the welfare of particular interest groups rather 
than society as a whole. At the extreme, perfectly competitive markets 
consist of individual producers and consumers all pursuing their own self­
interests. Neoclassical welfare theory describes conditions under which 
this type of institution maximizes total income of the economy. Coali­
tions, or organized interest groups, are also assumed to be competing with 
each other for the limited amount of economic profits (rents) available in 
the economy. Actions by these interest groups may distort the operation 
of competitive markets by imposing taxes or providing subsidies to cer­
tain activities to reduce aggregate income (Bhagwati 1982; Krueger 1974). 

Those groups able to marshal the greatest amount of political influence 
will be able to capture the largest share of the economic benefits. 

Mancur Olson (1982) has proposed a dynamic extension of the public­
choice view. He argues that broad-based coalitions of individuals in a 
society are needed in order to adopt institutional innovations that will 
provide benefits to a large share of the population. These large coalitions 
are harder to forge than more narrowly focused interest groups. Over 
time, interest groups proliferate and evolve institutions that stifle inno­
vation and overall growth. Some sort of external shock, such as opening 
up of markets to free trade, is needed to undermine the control of nar­
row interest groups. Thus, the public-choice approach, in contrast to the 
induced innovation model of Hayami and Ruttan, considers institutional 
change to be motivated by attempts to increase the share of rents going to 
particular groups, and not necessarily driven to mitigate relative scarcities 
in the economy or to try to reduce transactions costs. Coalitions of indi­
viduals attempt to increase their share of the pie, but their actions tend to 
diminish the size of the pie, or in a dynamic world, diminish the rate at 
which the pie expands. 

The policy implications of the public-choice paradigm are very differ­
ent from those of the induced-innovation model. In the view of Hayami 
and Ruttan, many different types of institutions play important roles in 
the process of economic development. The goal of policies should be to 
ensure that these institutions have the flexibility to respond to economic 
signals of underlying scarcities in the economy. The public-choice model 
argues that institutions have an inherent tendency to distort resource 
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allocations away from the efficient competitive market equilibrium, and, 
furthermore, tend to concentrate returns in the hands of the politically 
powerful. To the extent possible, the nonmarket institutions that govern 
resource allocations must be replaced with market-like institutions so that 
these unwanted tendencies will be minimized. The economic role of the 
government is to provide the necessary infrastructures that will permit the 
functioning of competitive markets. 

The theoretical arguments just outlined are usually discussed in the 
context of national-level institutions and policies, although the logic can 
be just as easily applied to local-level institutions. One important differ­
ence in this context, however, is that national institutions can be taken as 
exogenous factors that have the potential to directly influence the behav­
ior of local institutions. The external institutions may be either beneficial 
or detrimental to local populations. On the one hand, higher-level insti­
tutions may have the necessary authority and financial resources to suc­
cessfully undertake public infrastructure investments- roads, educational 
facilities, large-scale irrigation networks, and so on - that are beyond the 
capacity of purely local groups to implement. On the other hand, out­
side institutions may restrict the flexibility of local institutions to address 
local problems. National government institutions throughout the world 
are notorious for being unresponsive to local concerns. Even worse, they 
are typically driven by political forces that are independent of, and pos­
sibly antagonistic toward, local community interests. 

The induced-innovation and public-choice models each provide in­
sights into possible strengths and weaknesses of local institutions with 
regard to economic efficiency of resource utilization and distribution of 
returns among users. Indigenous institutions are autonomous and there­
fore have great flexibility to take advantage of changing economic realities, 
as suggested by Hayami and Ruttan. Following the public-choice logic, 
however, we may expect that these changes will occur in such a manner as 
to ensure that those with the greatest political power receive a significant, 
if not exclusive, portion of the benefits to be gained from institutional 
innovations. Individuals possessing greater political power will be able to 
block any changes in which they are made worse off than under the status 
quo. On the other hand, they will support any changes that benefit them­
selves, even if these changes provide few gains to other members with less 
political influence. In these situations of unequal distributions of politi­
cal power among individuals within local decision-making groups, there 
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may be a need for a higher-level authority to intervene to ensure a more 
equitable distribution of benefits among individuals. 

Many empirical studies of irrigation networks have addressed the re­
lationship between management institutions and productivity of the net­
works. In particular, to what extent do the existing institutions permit or 
constrain the maximization of net economic benefits of the irrigation net­
work as a whole, or of individual members within the network? If exist­
ing institutions do constrain productivity, can potential improvements 
be identified? 1 Much of this research indicates that existing institutional 
mechanisms do in fact constrain the available water resources from being 
used to their maximum economic potential by at least some individual 
users (see Maass and Anderson 1978; Skold, El Shinnawi, and Nasr 1984; 

Pasternak 1968; Yaron and Ratner 1990; Easter 1975; Reidinger 1974).2 One 
common theme in these empirical studies of irrigation networks is the im­
portance of distribution of political and economic power among network 
members (e.g., Hunt and Hunt 1976; Pasternak 1968). Wealth and incomes 
are usually very unequally distributed among members of irrigation net­
works. In many instances, larger landowners or farmers with land closer 
to the water source receive disproportionate amounts of water and bear 
less of the costs of adjusting to restrictions in overall water availability. 

In the remainder of this chapter we examine the economic perfor­
mance of small-scale irrigation networks in Cape Verde. These networks 
were installed and are nominally operated by a national agency, but in 
fact, within general operational regulations, local farmers undertake most 
of the day-to-day management of the system. Recent economic changes 
in Cape Verde have created strong pressures for change in irrigated agri­
culture. The degree and manner in which existing irrigation management 
institutions have permitted response to these economic pressures will be 
analyzed in relation to the theoretical descriptions of institutional change 
already outlined. 

Irrigation Institutions in Cape Verde 

Agricultural institutions in the Cape Verde Islands have undergone sig­
nificant changes, particularly since the country's independence from Por­
tugal in 1975. In addition, new technologies, rapid population growth, 
and changes in market demands for agricultural commodities have cre­
ated incentives for institutional changes as described by Hayami and 
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Ruttan (1985). In this chapter we examine these economic pressures for 
change, and look at ways that local irrigation management institutions 
have adapted to these pressures. 

Located 600 kilometers west of Senegal in the Atlantic Ocean, the 
Cape Verde archipelago (figure 8.1) falls within the Sahelian weather sys­
tem. Average annual rainfall is less than 350 millimeters (Freeman et al. 
1978). Rainfall patterns exhibit long-run cyclical patterns, with extended 
periods of drought. Uninhabited when discovered by Portuguese explorers 
in 1460, the islands were populated by Portuguese settlers who were 
granted land by the crown, and Africans who were brought to the islands 
in the growing slave trade, for which Cape Verde served as an entrepot. 
Most agricultural land in Cape Verde is rainfed. But rainfall is generally 
very scarce, and subject to significant year-to-year fluctuations; drought 
conditions lasting for many years are common in the historical record. 
Under these conditions, the productivity of rainfed agriculture is ex­
tremely low. The major rainfed crops are corn interplanted with beans; 
some restricted areas with more adequate access to moisture are planted 
in potatoes and peanuts. 

The very low returns provided from rainfed agriculture place a high 
premium on irrigated land; however, the total amount of irrigated land, 
2,990 hectares, represents just 7 percent of all agricultural land. In the 
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country as a whole, only 23 percent of all farm households have access to 
any irrigated land. The average amount of irrigated land farmed by these 
households is less than one-tenth of a hectare (Ministry of Rural De­
velopment and Fishing 1990). The major irrigated crops are sugar cane, 
bananas, cassava, and sweet potatoes. Vegetables are grown in a few areas. 
Irrigated agriculture is practiced along ribeiras, steep valleys that run from 
the higher elevations of the islands to the coast. Traditional irrigation net­
works draw water from shallow hand-dug wells near the coast, or from 
natural springs found at the higher elevations of the ribeiras. More re­
cently, tubewells have been drilled into deeper alluvial flows and fossil 
aquifers. Almost all irrigation installations in Cape Verde provide water 
to several farmers. The water distribution systems of these networks­
usually plastic tubing or cement canals, although earthen trenches are still 
used in some areas- have very low flow rates. The traditional and more 
modern systems can only deliver water to one field at a time. Because 
only one network member is able to receive water at a particular time, 
farmers within a single network compete among themselves for their tim­
ing of access to water and to determine the total allocation over the entire 
growing season. Scheduling water deliveries to members is, therefore, a 
crucial management issue for the small-scale irrigation networks found in 
Cape Verde. 

During colonial times, water sources were developed either by indi­
viduals or by the colonial agency charged with managing water resources 
on the islands. Individuals and groups of neighboring farmers built reser­
voirs near natural springs or dug open wells into the alluvium. Larger 
landowners, and in some cases the colonial agency, drilled deeper tube­
wells. The management of all these irrigation networks remained de facto 
in the hands of the users. In many instances, private wells were installed by 
large landowners who had access to capital necessary to finance such in­
vestments. These owners had first claim to the water, and the other users, 
often tenants of the well-owner, had access only to the surplus water that 
the owner did not use. 

Cooperatively managed networks adopted a free-access rotation 
scheme, known as the entornador-entornador system. This system was also 
practiced under the control of the colonial agency. Each member could 
draw as much water as desired during his turn in the rotation. Under this 
allocation mechanism, the interval between irrigations for each network 
member depended on the amount of time all the other users in the sys-
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Table 8.1 Percentage of irrigated area in Cape Verde, by crop, various 
estimates. 

Source of estimates 

Freeman et al. SCET/AGRI 1988 Agricultural 
Crop 1976 1985 Census 

Sugar cane 61 56 43 

Tubers 13 14 27 
Bananas 9 10 15 

Vegetables 11 14 11 

Sources: Freeman et al. 1976; scET/ AGRI 1985; Ministry of Rural Development and Fishing 1990 

tern drew water. Each member, facing uncertainty about when he would 
next receive water, had strong incentives to put as much water as pos­
sible on his fields, hoping to retain moisture in the root zone as long as 
possible. In order to maximize the amount of water that could be stored 
in the soil, large rectangular basins were dug into the fields, which could 
be filled with water during irrigations. These basins provide a means for 
farmers to store water in their fields. To the extent that each member in­
creased his access time to draw as much water as possible during his turn 
in the rotation, the amount of time between rotations was prolonged for 
all network members. 

Agricultural practices have adapted to these constraints on access to 
water imposed by the limited physical capacity of the irrigation systems 
and by members' lack of control over their irrigation schedules. Tradition­
ally, the predominant irrigated crops in Cape Verde have been sugar cane, 
cassava, and sweet potatoes, with localized production of bananas and 
vegetables in areas with more abundant water supplies.3 Table 8.1 shows 
several estimates of the proportion of land planted with each of these 
crops. There are substantial differences among the individual estimates 
of cropping patterns, because they are based on different data sources, 
although all the estimates indicate the relative importance of sugar cane 
and tuber crops in overall production. The concentration in area planted 
to these crops, which are quite drought-resistant, reflects adaptation by 
farmers to the constraints they face with respect to access to irrigation 
water. 

Sugar cane is used to make grogue, a type of rum widely consumed 
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throughout Cape Verde. Although sugar cane requires much water over 
the year, it is able to withstand long periods between irrigations. In fact, 
growers often deliberately subject their mature crops to water stress in 
order to increase the sugar content in the stalks. In recent times, cane 
fields have often gone for periods of two months or more between irri­
gations (Finan and Belknap 1984; Langworthy et al. 1986). Sweet potatoes 
and cassava are usually intercropped. They are primarily grown for con­
sumption by the household. These crops are also relatively resistant to 
long dry periods, being able to produce usable tubers even with irrigation 
intervals of up to one month. The yields of sweet potato, and especially 
cassava, increase significantly, however, if they receive water more fre­
quently. There is a significant demand for tubers in urban areas and they 
command attractive prices at the farm gate, so they can be grown as cash 
crops if sufficient water is available. 

The water requirements of bananas are more stringent than those of 
sugar cane or tubers. Farmers report that bananas should be irrigated at 
least every two weeks to provide the best yields, although some market­
able production can be expected even with three-week intervals. During 
colonial times, bananas were grown to be shipped to Portugal. This was 
a profitable activity, and production was quite widespread up until the 
mid-196os, the beginning of the most recent cycle of drought. Before that 
time, the area planted in bananas on both Santiago and Santo Antao was 
quite large. Santo Antao in particular, with abundant supplies of irriga­
tion water, was quite specialized in banana production. The onset of the 
drought severely reduced water supplies on the island and led to large­
scale substitution of land into more drought-tolerant crops, particularly 
sugar cane. Ribeiras that are now entirely planted in cane were major 
banana-producing areas thirty years ago. Santo Antao thereafter became 
famous as a major producer of grogue. On Santiago the shift out of 
bananas has been somewhat less pronounced, because the major banana­
producing areas have been relatively less hurt by the drought. Production 
on Santiago is concentrated in a few specific areas where large farmers 
have their own deep wells that provide steady supplies of water through­
out the year. These wells draw from fossil aquifers that have not been af­
fected by the lack of rainfall in recent years. 

Vegetables require water even more frequently than bananas. These 
crops can withstand intervals between irrigations of only one to two weeks 
before water stress seriously reduces production. As a result, only a very 
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restricted number of farmers have adequate conditions to be able to grow 
vegetables. As will be discussed in more detail later, market demand for 
vegetables has been very limited until recent years. 

Most farmers with irrigated land have concentrated their produc­
tion in drought-resistant crops-sugar cane and tuber crops. These crops 
have provided significantly higher profits than rainfed activity, because 
of strong demand for grogue by the local population and high prices for 
banana exports.4 Until relatively recently, there was not a significant mar­
ket demand for vegetables. Under these conditions, the scheduling of irri­
gation water through free-access rotations was not a severe constraint on 
producers' behavior. The long intervals between irrigations that charac­
terize this allocation mechanism did not conflict with farmers' preferred 
cropping patterns. 

In the past twenty years, however, Cape Verdean society has under­
gone widespread changes that, among other things, have caused signifi­
cant shifts in the demands for irrigated crops. In particular, per-capita 
incomes have increased quite rapidly over this period. Foreign aid of all 
forms has increased dramatically since independence, and much of this aid 
has been injected into the economy as increases in the disposable income 
of households through public works projects and increased employment, 
at relatively high salaries, in the government bureaucracy. Also resulting 
from the increased foreign aid activities, the international community in 
the urban centers has grown substantially. Emigration to Europe, particu­
larly the Netherlands, France, and, more recently, Italy, has also increased 
significantly in the past two decades (Freeman et al. 1978). The most com­
mon recent pattern has been for individuals to emigrate, leaving their 
families in Cape Verde, and sending remittances that enter the local econ­
omy. There has also been a large movement of local population from rural 
to urban areas. All these factors have created a significant increase in the 
urban demand for foodstuffs. The increase in incomes has also led to a 
shift in demand toward vegetables. Production of vegetables, including 
Irish potatoes, has increased dramatically since the mid-196os to meet this 
growing, largely urban, demand (see table 8.2). 

The growing demand for vegetables and tubers from urban markets 
translated into high farm gate prices. As shown in table 8.3, in the mid-
198os the farm-level prices of vegetables were significantly higher than 
their costs of production, implying very high rates of profit for these crops. 
The data summarized in table 8.3 demonstrates that farmers with irri-
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Table 8.2 Production of major irrigated crops in Cape Verde, 1971-1974 

to 1981-1985. 

Crops 

Period Sugar cane Sweet potato Cassava Bananas Vegetables 

1970/74 8,824 1,434 1,285 5,392 373 

1975/80 12,800 1,967 4,121 6,160 2,905 

1981/85 9,840 2,960 1,890 4,000 3,788 

Source: Ministry of Agricultural Development and Fishing, Agricultural Statistics, various years 

gated land had very strong economic incentives to shift away from sugar 
cane and low-yield (infrequently irrigated) tuber crops into production of 
vegetables, high-yield tuber crops, and bananas. 

At the same time these changes in demand for irrigated crops were 
occurring, management of irrigation networks also changed. Since inde­
pendence from Portugal, the National Agency for Groundwater Resources 
(INRH; Instituto Na<;:ional de Recursos Hfdricos) has been responsible for 
the installation of new wells, and the management of all new and existing 
public irrigation networks. The INRH has replaced the free-access rota­
tion schemes with a fixed-access rotation mechanism, in which members 
are allocated a fixed amount of time during which they may receive water 
during their turn in the rotation. When the INRH assumed control of irri­
gation facilities, an engineer would interview all the existing users to iden -
tify the amount of land used by each, and what kinds of crops they grow 
on their plots. Time allocations were then assigned to individual members 
based on the amount of land they operated and the types of crops they 
normally grew. These access times that are awarded to members will be 
referred to as nominal allocations. As will be described later, the actual or 
effective irrigation time, during which water actually reaches the field, is 
shorter than the nominal allocation. The pump operator- an employee of 

the INRH and usually also a member of the network-oversees the distri­
bution of water to members. He ensures that members receive their time 
allotments in the rotation. He records the water deliveries to each mem­

ber, and the INRH charges a nominal fee of one Cape Verdean escudo (71 
CVE per dollar) per cubic meter based on these records. 

The fixed-access rotation provides more control over the timing of 
irrigations for all the network members. Under this system, the interval 



Table 8.3 Yields, prices, production costs, and net revenues for major irrigated crops in Cape Verde. 

Irrigation Gross Production Net 
Interval Yield Price Revenue Costs Revenue 

Crop (days) (kg/ha) (cVE/kg) ('ooo cVE/ha) ('ooo cVE/ha) ('ooo cvE/ha) 

Sugar cane/ 30 1,500 200 324 144 180 
straw 300 80 

Sweet potato/ 30 3,000 35 305 49 256 
cassava 5,000 40 

Sweet potato/ 15 9,000 35 915 64 851 
cassava 15,000 40 

Bananas 15 70,000 15 1,050 123 927 
Potatoes 7 17,000 60 1,020 150 870 
Tomatoes 7 34,000 45 1,530 186 1,300 

Source: Authors' calculations 
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between irrigations for any member equals the amount of time required 
to make one cycle through the rotation. Assuming no down time between 
field applications, a fixed number of hours of operation per week, full use 
of allotted time by all members, and no stoppage due to breakdowns, each 
member would receive water on the same interval, described by the fol­
lowing equation: 

I= Ad (HR. ND) (1) 

In this equation, I is the weekly interval between rotations, A; is the hourly 
allocation of member j per rotation, HR is hours of pump operation per 
day, and ND is number of working days per week. 

Under the fixed-access procedure, the INRH pump operator has nomi­
nal control over all the variables on the right-hand side of equation 1. 

In practice, however, the parameters HD and ND may change over time. 
There is substantial variation in the hours of operation per week because 
of equipment breakdowns, delays in moving the tubing, absence of the 
operator, and so on. These factors may cause I to vary over the course of 
the irrigation season, but the irrigation intervals of all network members 
would adjust identically, and all members should receive the same total 
number of irrigations over the season. 

Detailed irrigation calendars obtained from farmers within an irri­
gation network in Ribeira Seca, a region of Santiago Island, reveal that, 
in fact, there is substantial variation in irrigation intervals among mem­
bers within a single network. The time allocations for individual members 
established by INRH are closely correlated with total land area farmed, but 
the amount of water allocated per unit of land decreases as total land area 
increases. Thus, although larger landowners receive more total water allo­
cation than their neighbors with less land, their water allocation per unit 
of land is less. 

The expected time required to complete a rotation through the alloca­
tions of all members within this network was approximately three weeks 
under normal operating conditions- equivalent to twelve total irrigations 
over the 244-day period between January and the end of August. The 
actual records of irrigations during the 1989 irrigation season show sub­
stantial variation across the thirty-five farmers in the sample, ranging from 
two to thirty-four irrigations between January and August. In table 8.4, 
the surveyed farmers are divided into five groups according to the num-



Table 8.4 Number of farms, irrigated area, and water allocations in surveyed irrigation network, by number of 
irrigations per season. 

Average Average Total Average Total Average 
Number Number of Irrigation Land Farm Water Water per 

Farm of Irrigations Interval Number Area Size Deliveries Land Unit 
Group Irrigations per Season (weeks) of Parms (ha) (ha) (hrs/season) (hrs/ha/season) 

<8 5 6 20 (57%) 1. 99 (32%) 0.10 282 (24%) 17. 8 

II 8-11 9 4 6 (17%) 1. 25 (20%) 0.21 184 (16%) 17.3 

III 12-17 13 3 4 (11%) 1.08 (17%) 0.27 141 (12%) 21.4 

IV 18-31 23 2 3 (9%) o. 84 (13%) 0.28 224 (19%) 27.8 

V > 31 33 1 2 (6%) 1.12 (18%) 0.56 329 (28%) 29.4 

Total Sample 10 3 35 (100%) 6.28 (100%) o. 18 1,160 (100%) 19.7 
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her of irrigations received during the irrigation season. At most, the first 
group irrigated seven times during the irrigation season, which corre­
sponds to an average irrigation interval of nearly five weeks. The average 
interval between irrigations for the twenty farms in the first group was 
forty-nine days. For the remaining four groups, the number of irrigations 
corresponds to average intervals of approximately four weeks to one week, 
respectively. 

This discrepancy between the expected irrigation interval, which 
would in principal obtain for all members, and the actual irrigation pat­
terns of individuals, is due to two factors. First, some members do not 
actually use their allocations- either because they are not present at the 
scheduled time, they have no crops on their land, or they are in arrears on 
payments for previous water use and were therefore prohibited from re­
ceiving any more water. Other members may obtain these available hours, 
and thereby receive water more than once within a single rotation. Second, 
members may divide their time allotment into smaller segments and trade 
these with other members to obtain multiple access times within a rota­
tion. These are bilateral trades among network members; the pump opera­
tor will comply with changes in the official rotation, but only on the agree­
ment of both parties, and members must work out the trades themselves. 

Information from the Ribeira Seca sample reveals that farmers with 
larger hourly water allocations per rotation generally received water more 
often over the course of the irrigation season. Equation 2 reports results of 
regression of number of irrigations against water allocations per rotation: 

Number of irrigations = 6.32 + 0.07 · (Nominal water allocation per 
rotation) 2 

(5.53) (4.73) 

R2 = 0.42 F = 22.40 

(Significant at the 0.001 level) 

Numbers in parentheses above the coefficients are t-values. 
Because total water allocation is based in part on farm size, large farms 

generally receive water more frequently than small farms. Table 8.4 reveals 
the relationship between farm size and access to water. The distribution of 
land and water is highly skewed among these subgroups. The two farmers 
who received thirty-two or more irrigations (group v) represent less than 
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6 percent of the sample, but they farm 18 percent of the total land and re­
ceive almost 30 percent of the water. 

Several factors help to explain the positive correlation between mem­
bers' hourly water allocations and the number of times they irrigate. First, 
individuals with larger allocations can be expected to be able to arrange 
more trades simply because they command a larger portion of the total 
supply of access time to be traded. As an extreme example, suppose a 
network has only three members, two with two-hour allocations and one 
with four hours, and that each member wishes to trade away half of his 
allocation so as to receive (at least) two irrigations during the rotation. 
The larger farmer controls half of the total time allotment for the rotation. 
If the exchanges were purely random, the large farmer would be twice as 
likely to be part of any exchange as either of the two smaller members. In 
fact, the most likely outcome would be for each of the two smaller farmers 
to trade one hour each with the larger member.5 In this instance, the larger 
farmer gets three irrigations within the rotation because he has a larger 
share of the total nominal irrigation time for which other members are 
competing. 

Second, because of transaction costs of trading time allocations with 
other members - search costs of identifying trading partners and risks 
inherent in agreements of asynchronous exchange - individuals will seek 
to minimize the number of transactions necessary to meet their desired 
reallocations. This fact also benefits members with larger nominal alloca­
tions, because they will have an advantage in finding trading partners. If 
a member wishes to trade two hours, he will prefer to trade with a single 
individual able to provide the full two hours, rather than make multiple 
trades to get the two hours from several other members. Thus, network 
members with larger hourly allocations have greater incentives to trade, 
and are likely to trade with other individuals with large allocations. 

In addition, individuals with larger water allocations have relatively 
lower costs of splitting their allocations into several separate irrigations 
because of a fixed down time cost associated with each irrigation. Within 
the time allocated to a network member, the pump must be stopped, the 
tubing detached from the wellhead and that of the current recipient at­
tached, fuel measured out and added to the tank, and after the pump is re­
engaged, the tube must be filled before the water actually reaches the field. 
The down time cost is the difference between a member's nominal time 
allocation and the effective irrigation time during which his land actually 
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Table 8.5 Ratio of effective to nominal irrigation time, by number of 
irrigations per rotation (assuming 15 minutes of downtime per irrigation). 

Number of irrigations 
per rotation 

Water allocations 1 2 3 

60-minute allocation per rotation 

Nominal allocation per irrigation (minutes) 60 30 20 

Effective allocation per irrigation (minutes) 45 15 5 

Effective/Nominal Ratio(%) 75 50 25 

120-minute allocation per rotation 

Nominal allocation per irrigation (minutes) 120 60 40 

Effective allocation per irrigation (minutes) 105 45 25 

Effective/Nominal Ratio (%) 88 75 63 

180-minute allocation per rotation 

Nominal allocation per irrigation (minutes) 180 90 60 

Effective allocation per irrigation (minutes) 165 75 45 
Effective/Nominal Ratio(%) 92 83 75 

Note: Assuming 15 minutes of downtime per irrigation. 

receives water. The length of down time varies according to the distance 
of the field from the wellhead, usually between ten and fifteen minutes. 
Down time is not proportional to the nominal allocation, however, so the 
larger the nominal allocation, the smaller is the down time cost per irri­
gation as a proportion of total effective irrigation time. The proportional 
cost of spreading a large time allocation into several different irrigations 
within a rotation is less than for a smaller allocation. 

Table 8.5 shows the relationship between the size of the initial nomi­
nal allocation and the percentage decrease in effective irrigation time from 
splitting the nominal allocation into two or three separate irrigations. In 
this example, an initial allocation of one hour per allocation will provide 
an effective irrigation time of forty-five minutes, if water is applied once 
(assuming 15 minutes of down time per irrigation). If split into three sepa­
rate irrigations, the effective time per irrigation is only five minutes, so 
the amount of time that water is actually going onto the field is only one-
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Table 8.6 Area planted by crop type and farm category in surveyed 
irrigation network, by number of irrigations per season. 

Crop 

Sweet Vegetables Total 
Farm Sugar potato/ and land 
category cane cassava bananas Other (ha) 

0.52 0.87 0.60 0.00 1.99 

II 0.32 0.40 0.47 0.06 1. 25 

III 0.50 0.08 0.23 0.28 1.09 

Subtotal 1.34 1. 35 1. 30 0.34 4. 33 

% Total area 31 31 30 8 100 

IV 0.05 0.12 0. 57 0.09 0.83 

V 0. 12 0.26 0.63 0. 11 1. 12 

Subtotal 0.17 0. 38 1.20 0.20 1. 95 

% Total area 9 19 62 10 100 

Total sample 1.51 1.73 2.50 0.54 6.28 

% Total area 24 28 40 9 100 

Source: Authors' Ribeira Seca irrigation network survey 

quarter of the nominal allocation. With a larger allocation, the reduction 
in the effective irrigation time resulting from splitting the allocation into 
several irrigations is less. For example, splitting a nominal allocation of 
three hours into three different irrigations still permits 75 percent of the 
nominal allocation to be realized as effective watering time. 

Variations in access to water have significant impacts on agricultural 
practices. Observed cropping patterns of the surveyed farmers in Ribeira 
Seca correlate closely with the number of irrigations they receive over the 
dry season. Table 8.6 shows the areas planted in drought-resistant (sugar 
cane), subsistence (sweet potatoes and cassava), and cash crops (bana­
nas and vegetables) by categories of farms with different numbers of ir­
rigations. There is a distinct difference in production patterns between 
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those farms that receive water on an average interval of two weeks or less 
(Groups IV and v) and those with longer intervals (Groups I tom). Over 
60 percent of the land of farms with intervals over two weeks is planted in 
the more drought-tolerant crops-sugarcane, sweet potato, and cassava. 
For the farms with intervals of two weeks and under, the share in these 
crops falls to 30 percent, and bananas and vegetables account for over 60 

percent of cropped area. Thus, larger farmers received greater allocations 
of time in the rotation, and have been able to transact for more frequent 
access to water. This in turn has enabled them to grow more profitable 
crops, particularly vegetables, high-yield cassava, and bananas. 

Policy Implications 

The local institutional innovation of bilateral exchanges in water alloca­
tions has permitted some farmers in the Ribeira Seca irrigation network to 
grow crops with higher returns and more restrictive water demands than 
the traditional irrigated crops. Several factors have limited the benefits of 
this innovation to those members with large nominal water allocations 
(the larger farmers within the network). As the external agency charged 
with the construction, maintenance, and operation of the irrigation sys­
tem, the INRH is in a position to alter its existing fixed-rotation scheme to 
provide the benefits of more frequent access to water for all members. The 
factors that limit the participation of the smaller members are their smaller 
allocations of time with which to trade, and the higher proportional down 
time costs they face from splitting up their allocations into multiple irri­
gations. An alternative scheduling regime could address these problems. 

The simplest strategy would be to reduce all members' allocations 
by the same proportions, thereby reducing the expected interval between 
rotations. In fact, this strategy was already being discussed by the Ribeira 
Seca network at the time of our field research - specifically, reducing each 
member's allocation by one-third in order to cut the time between rota­
tions from three weeks to two weeks. Although this strategy provides all 
members with water on shorter intervals, it does not permit flexibility for 
individual members to tailor their irrigation schedules to their own needs. 
Some farmers may not wish to grow the higher-valued crops, which also 
demand much higher levels of day-to-day management, and expose the 
producer to higher levels of production and price risks. On the other 
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hand, those farmers wishing to grow vegetables will still need to get water 
more frequently, even with the shortened rotation interval. A scheduling 
scheme that can provide more flexibility to individuals is needed. 

A more flexible strategy would be for each member to receive a total 
time allocation for the season (based on his share in the total land area of 
the network), and to devise a calendar for receiving the allocation over the 
course of the season. The pump operator would be responsible for devising 
a weekly irrigation schedule that would best meet the needs of all mem­
bers. This scheme offers the advantage of permitting members to choose 
different irrigation schedules; those wishing to grow vegetables could re­
ceive water every few days, perhaps concentrated in two or three months, 
while growers of sugar cane could spread their irrigations over longer 
intervals. In addition, the operator has the flexibility to irrigate nearby 
fields sequentially, thereby minimizing down time costs. This mechanism 
would not provide flexibility for changes within the season. 

A better solution would be for the operator to set up a weekly sched­
ule. All members would indicate their desired irrigation plans for the 
coming week, and the operator would then design a schedule. If the de­
mands of all members could not be met because of insufficient capacity, 
the schedules of all members could be adjusted proportionately, so all 
would bear the cost equally. In addition, the operator could design the 
schedule to cover adjacent fields sequentially, thereby minimizing the 
down time cost borne by the network as a whole. Under this scheme there 
would need to be some means of limiting individuals' weekly demands, 
otherwise everyone would have incentives to place larger requests so as to 
ensure receiving the desired amount, even with cutbacks. One way would 
be to place an upper weekly limit per farmer based on land area. This 
would produce an unequal distribution of water access among members, 
as in the present situation. Alternatively, a price could be charged for 
water that would discourage overuse. Then the issue of at what level the 
price should be set would have to be addressed. 

Changes in Cape Verdean Irrigation Institutions 

Over the past twenty years, increased demand for vegetables in Cape 
Verde has created growing economic incentives for institutional innova­
tions that could provide water to farmers more frequently. At the same 
time, a combination of national and local changes have led to increased 



A Cape Verdean Case 177 

flexibility. At the national level, a state agency implemented a fixed-access 
rotation scheme that provides more control over the timing of water de­
liveries to individual farmers. Within this framework, farmers are able to 
undertake, and have undertaken, trades among themselves in order to re­
adjust the timing of their water deliveries. A number of factors constrain 
smaller farmers from participating in such trades, and conversely, larger 
farmers are able to benefit disproportionately from these opportunities. 

The observed changes in irrigation management institutions in Cape 
Verde suggest a process of change that has elements of both the induced­
innovation model and the public-choice framework. On the one hand, 
there have been significant institutional changes within the irrigation net­
works in response to changing economic conditions. These changes have 
increased the ability of some producers to take advantage of new profit­
able opportunities. On the other hand, the beneficiaries of these institu­
tional changes have been limited to larger farmers. Farmers with more 
land received a larger time allocation in the rotation devised by the INRH. 

This greater allocation in turn provided the larger farmers with more pos­
sibilities to make bilateral trades and thereby control more directly the 
timing of their access to water. With more frequent access to water, the 
larger farmers have been able to plant proportionately more of their land 
in higher-valued crops. 

The example from Cape Verde of institutional changes in a small-scale 
irrigation network reveals the potential for locally directed institutional 
changes to favor those individuals already possessing greater economic 
and political power. Many empirical studies have found that larger and 
wealthier farmers have lower opportunity costs of acquiring many kinds 
of resources, in large part due to the nature of the institutions that govern 
the access to these resources (Berry and Cline 1979). This finding is sup­
ported in Cape Verde, where larger farms have greater access to irrigation 
water. In situations where unequal access to resources is tied to political 
power, institutional innovations to changes in economic conditions can 
be expected to channel benefits disproportionately to wealthier individu­
als. This may be appropriate from the point of view of technical (and even 
economic) efficiency. If, however, society is concerned with the equitable 
distribution of benefits, there is an explicit role for government to di­
rect local institutions, namely to offset the skewed distribution of political 
power that can be found in local institutions. In the specific example of 
small-scale irrigation networks in Cape Verde described in this chapter, 
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the government irrigation authority can implement alternative irrigation 
management schemes that provide smaller farmers with a more equitable 
access to water than the existing system. 

Notes 

1. See Bromley, Taylor, and Parker (1980) for a review of the literature. 
2. Young, Daubert, and Morel-Seytoux (1986) provide an analysis of changes in water 

legislation that do improve the efficiency of water use relative to previous institutions. 
3. Over the long history of the islands, production has shifted among a number of 

crops in response to long-term climatic shifts and changes in demand patterns from the 
outside world (Freeman et al. 1978). 

4. Immediately after independence, Portugal reduced the level of purchases of bana­
nas from Cape Verde; the level of shipments has increased significantly in recent years. 

5. A bilateral trade between the two smaller members would leave the larger farmer 
without the possibility to split up his nominal allocation. Assuming positive benefits from 
increasing the number of irrigations, he would be willing to provide a more attractive 
trade (more than one-for-one exchange of irrigation time, or cash side-payment) in order 
to split his nominal allocation, so each of the smaller members could be enticed to trade 
with him rather than between themselves. 
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Part 3 

Development Lessons from Local Irrigation 





■ Qanats and Rural Societies 
Sustainable Agriculture and Irrigation Cultures 

in Contemporary Iran 

Michael E. Bonine 

Qanats, subterranean water conduits, were a fundamental part of rural 
society in many parts of the arid Middle East and Central Asia, but per­
haps in no other region did they become so predominant as in the central 
plateau oflran. Tens of thousands of qanats have enabled productive oases 
to dot the otherwise barren, desert landscape. Even in areas in which the 
water table lay deep underground, this traditional technology provided 
the means to irrigate and cultivate extensive fields as well as supplying 
ample amounts of water for even cities to flourish. This paper examines 
briefly the characteristics of the qanat as well as its role in Iranian rural 
society. It focuses on how water is managed and controlled locally and the 
implications of this organization. It indicates how these irrigation systems 
have influenced the morphology of settlements in Iran. The decline of 
some qanat systems is examined, particularly the problems related to the 
competition with pump wells, which usually lower the water table rather 
drastically. Finally, there is an assessment of the value of qanats as a locally 
managed and sustainable irrigation system. 

Qanats in Iran: The Physical Basis 

Within Iran dryland farming from rainfall is located mostly in the north 
and west, while irrigated farming-and qanats-occur principally in the 
central and eastern parts of the country (figure 9.1). The Elborz Moun­
tains in the north and Zagros Mountains in the west provide rather effec­
tive barriers for rainfall to occur on the leeward sides, and so the annual 

This chapter is an updated and extensively revised version of a paper, "Qanats and Irriga­
tion Cultures in Iran," that was presented at The International Conference on Karez Irri­
gation, in Urumqi, China, in August 1990, and published in The Proceedings of {the] Inter­
national Conference on Karez Irrigation, ed. International Conference on Karez Irrigation, 
117-32 [English Section]. Urumqi, China: Xinjiang People's Publishing House, Educational 
and Cultural Press Ltd., 1993. Information on qanat irrigation practices is especially from 
Bonine 1982. 
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Figure 9.1 Qanat zones and irrigated areas in Iran. Many small, local 
qanat irrigated areas not shown, and wells have replaced qanats in some 
areas. Rainfed (dryland) farming occurs mainly in western and northern 
Iran, where considerable land is also irrigated by streams and rivers. Some 
rainfed farming occurs with qanat irrigation in the higher elevations, espe­
cially in wetter years (compiled from Ehlers 1980, 1984; Beaumont 1971; 
Bonine 1982, 1989; English 1966). 

rainfall in the interior is less than 300 mm, generally decreasing to the east 
and south. Average annual rainfall totals in the interior of Iran are low; for 
instance, Isfahan receives 126 millimeters a year, Kerman 203 millimeters, 
and Yazd 67 millimeters. Yet, nearby local mountain systems and high­
lands receive considerably more rainfall (and even snow), which provides 
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the majority of the water for the qanat systems. In the extreme southeast, 
as in the Dasht-i Lut, the rainfall is less than 15 millimeters a year, and with 
fewer highland areas there is less groundwater for qanats (Ehlers 1980). 

The nature of qanats in Iran has been described in a number of publi­
cations (e.g., English 1968; Wulff 1968; Beaumont 1971, 1973, 1989; Goblot 
1979; Behnia 1980s), so only a brief summary is presented here. A qanat 
is an almost horizontal, underground conduit that originates within an 
aquifer at a higher elevation, and the water flows in the qanat by gravity 
( figure 9.2). The slope must be very slight - not too steep or erosion will 
occur, or if there is not sufficient gradient, too much seepage occurs. In 
Iran qanats usually tap water bearing zones in alluvial fans at the base of 
mountains, which receive more moisture than the lower elevations. 

The source of the qanat, the mother well, is sunk into the groundwater 
recharge zone, and this vertical shaft can be over 100 meters in depth­
although it usually is less than 50 meters (Beaumont 1989:19). The length 
of the horizontal tunnel may be several hundred meters or it may be 10 to 
20 kilometers or more. "The length of a qanat is controlled by the depth 
of the mother well and the slope of the ground surface. The qanat tunnel 
has to slope gently downhill for water to flow along it under the influence 
of gravity. The critical factor, therefore, becomes the slope of the ground 
surface that will eventually intersect the tunnel. This means that the short­
est qanats occur where steep ground slopes are found and the longest 
where gentle surface slopes predominate" (Beaumont 1989:23). The point 
at which the qanat exits onto the surface usually is where cultivated fields 
and settlements are found. 

In Iran, most qanats flow in direct response to precipitation, snow 
melt, and floods, reflecting the high permeability of the alluvial sediments 
in which groundwater recharge occurs. Hence, the flow becomes variable, 
changing with the rainfall patterns and the seasons. The qanats usually tap 
alluvial fans where material is coarse and quite permeable. Water origi­
nating in the alluvial fans is quite pure and salt-free (called "sweet water," 
or qandab). Qanats also flow at the maximum in late winter and early 
spring, the optimal period for watering winter wheat and barley as well as 
primary fruit crops such as apples and almonds. There is much less qanat 
water in the summer, during the growing season for melons and vege­
tables (figure 9.3). A few qanats tap very deep and less changeable water 
tables, and hence have constant flows throughout the year. 

Beaumont (1971) has noted that measurements of 2,000 qanats in Iran 
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Figure 9.3 Monthly discharge variations of selected qanats around 
Mashhad, Iran (data from Beaumont 1971). 

(in the 1960s) revealed variations in discharge from o to 300 cubic meters 
per hour, with two-thirds less than 60 cubic meters per hour and almost 
half (45 percent) with less than 30 cubic meters per hour. A typical qanat 
may irrigate only about 10 to 20 hectares, and in many cases much less­
as few as 1 to 2 hectares. In situations where the flow of the qanat is very 
small, a diversion dam or pond is used to collect the water, and then the 
water is discharged at specific intervals. 

The number of currently functioning qanats in Iran is difficult to de­
termine, for within the last several decades of the Pahlavi regime (to 1978-
1979) thousands (if not several tens of thousands) of qanats dried up due 
to drought, neglect, or falling water tables from competition from wells. 
Yet, under the Islamic Republic, with a new emphasis on local agricul­
ture, qanat systems may have begun to increase in number. In any case, 
the estimates of the number (and flow) of qanats in use at any specific 
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Table 9.1 Qanats in Iran, 1954-1977. 

Average Discharge 
Annual Discharge Number of of each qanat 

Year (billion cubic meters) active qanats (liters/sec) 

1954 18.10 21,060 27.25 

1961 17.66 22,000 25.45 

1963 16.00 20,000 25.35 

1972 5. 57 14,986 11.75 

1973 6.23 15,500 12.75 

1974 6. 17 14,778 13.25 

1975 6.95 15,770 13.97 

1977 7. 50 18,400 12.93 

Source: Safinezhad 1356/1977-1978; Sadr 1357/1978-1979, quoted in Ghayoor 1990 

time are subject to considerable error. In the early 1960s there were per­
haps 20,000 to 22,000 qanats in Iran, declining to 15,000 to 18,000 by the 
late 1970s (see table 9.1). Mclachlan (1988: 89) quotes official censuses of 
agricultural statistics for 1352 (1973-1974) that say there were 46,303 qanats 
still in use out of a total of 62,000. Official Islamic Republic statistics also 
state that there were 18,388 qanats in 1976-1977, and that the number had 
increased to 28,038 by 1985-1986 (statistics quoted in Schirazi 1993:283). 
More significant is the fact that the flow of many qanats has decreased 
considerably, from an average of about 27 liters per second per qanat in 
1954 (or 25 liters per second in 1961 and 1963) to 12 to 13 liters per second 
in the 1970s (table 9.1). 

The total annual discharge of qanats has fallen from around 16 to 18 
billion cubic meters in the 1950s and early 1960s, to about 6 to 9 billion 
cubic meters in the 1970s (Sadr 1357/1978-1979, cited in Ghayoor 1990; 
Mclachlan 1988:22). In 1977 the underground water resources in Iran pro­
vided annually 18.5 billion cubic meters, of which the 18,400 active qanats 
provided 7.5 billion cubic meters; 16,600 deep wells furnished 7.5 billion 
cubic meters and 42,000 shallow wells 3.5 billion cubic meters. As men­
tioned, the number of qanats had increased to 28,038 by 1985-1986, yet, 
the total quantity of water from qanats had increased to only 9.1 billion 
cubic meters (table 9.2) (Schirazi 1993 :283). As a further comparison, Safi­
nezhad (1977:24) notes that in 1973-1974 for all irrigated agriculture in 
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Table 9.2 Use of groundwater in Iran, 1976-1977 to 1985-1986. 

Deep Shallow 
Yeara wells wells Qanats Springs Total 

1976/77 

Number 16,626 42,546 18,388 8, 193 85,753 

Quantityb 7.47 3.88 7. 54 5.45 24.34 

1985/86 

Number 45,355 119,068 28,038 20,244 212,705 

Quantityb 19. 12 10.49 9.08 8. 13 46.81 

a. The Iranian year begins on March 21 of the western calendar year. 
b. billion cubic meters. 
Source: Adapted from Schirazi 1993:283, Table 12.5; Statistics from Markaz-i Amar (Center for Statis­
tics), Islamic Republic of Iran 1982 and 1988 

Iran, 17.7 billion cubic meters were provided annually by springs, qanats, 
and wells and 16.3 billion cubic meters by rivers (mostly in the north and 
west)-for a total of 34 billion cubic meters being utilized for irrigated 
agriculture. To put this in perspective, the 34 billion cubic meters is about 
40 percent of the Nile's average annual flow of 84 billion cubic meters 
[measured at Aswan]; and so qanats in Iran in the 1950s supplied about 
20 percent of such an amount, while today the water from qanats in Iran 
is about 10 percent of the Nile's average annual flow. 

Only 9 to 10 percent of Iran's total area of 164.8 million hectares is 
arable, including fallow land. In the early 1970s, about 15 million hectares 
ofland in Iran was under cultivation, including 2.5 million hectares of irri­
gated crops, 5.7 million hectares of rain fed crops, and 6.9 million hectares 
lying fallow. Other statistics (for 1974-1975, for instance), indicate that 16.4 
million hectares were arable, of which 4.1 million hectares were irrigated, 
6.4 million hectares were nonirrigated (rain fed), and 6 million hectares 
were fallow (table 9.3). Islamic Republic statistics indicate that the arable 
land had increased only slightly to 16.9 million hectares in 1988-1989-
in which there were 5.6 million hectares of irrigated lands, 5.9 million 
hectares of nonirrigated lands, and 5,4 million hectares of fallow lands 
(table 9.3). Mclachlan (1988:100) notes that during the Pahlavi period no 
more than 225,000 hectares had come under new irrigation projects under 
the five development plans that ended in 1978. With an emphasis on small 



Table 9.3 Arable land in Iran. 

Tilled Fallow Irrigated Non-irrigated 
Yeara Arable (% of arable) (% of arable) (% of tilled) (% of tilled) 

1974-1975a 16.4 10.5 ( 64 % ) 6.o (36%) 4. 1 (39%) 6.4 (61%) 

1978/1989 14.9 9.2 (62%) 5.7 (36%) 3.8 (42%) 5.4 (58%) 

1982/1983 14.8 9.8 (67%) 4.9 (33%) 4.0 (40%) 5.9 (60%) 

1985/1986b 18.5 12.2 (66%) 6.3 (34%) 4.3 (35%) 7.9 (65%) 

1988/1989 16.9 11.5 (68%) 5.4 (32%) 5.6 (49%) 5.9 (51%) 

a. The Iranian year begins on March 21 of the western calendar year. 
b. Data from self-sufficiency plan. 
Source: Adapted from Schirazi 1993: 281, Table 12,4; Statistics from Markaz-i Amar (Center for Statistics), Islamic Republic of Iran 1977 and 1990. 
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local systems during the Islamic Republic, of the 5.6 million hectares of 
irrigated lands in 1988-1989, it is probably true that at least 5 million hect­
ares are being managed as local and small systems. It is also significant to 
note that groundwater use in Iran has almost doubled from 1976-1977 to 
1985-1986, the major increase coming from shallow wells, deep wells, and 
even springs (table 9.2). 

Qanat Construction in Iran 

Qanats in Iran are dug by muqanni, professional diggers who have mas­
tered this difficult, dangerous skill (Lambton 1989; Bonine 1982:145-48). 

Construction begins only after a master muqanni estimates where the 
qanat should originate and the exact route and grade of the conduit in 
order to exit at an existing or proposed village. One or more test wells are 
dug at the estimated water source to determine the depth and extent of 
the aquifer, and hence the depth of the conduit to be constructed. Digging 
of the conduit, however, begins where the qanat will exit (the mazhar-i 
qanat). As the qanat channel is being tunneled upslope toward the test 
well, vertical shafts must be dug for ventilation and to lift out the spoil. 
The distance between vertical shafts depends upon the depth of the shafts 
and the type of material being dug. Deeper shafts and less porous ma­
terial require that they be closer together. The conduit is tunneled to the 
water table and then beyond to provide a sufficient water bearing zone for 
the qanat. This zone can be several kilometers in larger flowing qanats. 
The conduit may be dug only to the test well or it may end before or be­
yond that point. The deepest or head well is called the pish-i kar (before 
the channel) or the madar-i chah (mother well). Qanats, especially larger 
ones, may have a number of branches that tap the water table. These can 
be many kilometers in length, each having their own vertical shafts and 
mother well. 

Qanats must be periodically cleaned and repaired; this is one of the 
main jobs of the muqanni. Mineral salt deposits accumulate on the chan­
nel bed of some qanats and the flow lessens if the deposits are not dug out 
every ten to fifteen years. More common is the need to repair or clean a 
qanat after a storm has poured rock and mud through the vertical shafts. 
Spoil heaps are left around the shafts in order to prevent this occurrence. 
If the water table drops, a common situation with the advent of modern 
deep water wells and pumps, the qanat channel must be extended and 
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a new mother well dug. The mother wells of some qanats are extended 
every year. Many of the villages in Buluk-i Rustaq, an area northwest of 
Yazd, have their mother wells in the vicinity of Yazd where the water table 
has been dropping at least 1 meter per year for the past several decades. 
Many of these qanats have gone completely dry. 

Qanat construction has always been very expensive, and only indi­
viduals with considerable capital could afford to finance such an enterprise 
(English 1966:139-49; Mclachlan 1988:279fn 51). Hence, only large land­
lords and merchants, governors, and other wealthy or influential persons 
could afford to invest in a qanat. The great costs in constructing qanats 
was conducive to landlord control and promoted urban dominance by 
absentee landlords (Bobek 1974, 1979; Ehlers 1978; Bonine 1980b). Qanats 
also took many years to construct, and as Beaumont (1989:27) has noted, 
"there is a long period between the initial investment being made and any 
returns being obtained in the form of water production." 

The cost of a qanat can be better understood with an example (Ehlers 
1989:105). In 1979 in Assadabad (in western Iran in the Zagros region), a 
small qanat of 2 kilometers with a depth of the mother well of 16 meters 
and a total of fifty-seven vertical shafts cost on the average as follows: 

1. shaft construction (200 tomans per m) - 456 m x 200 tomans = 91,200 
tomans; 

2. construction of the water channel (250 tomans perm) - 2,000 m x 250 
tomans = 500,000 tomans; and 

3. cementation of the qanat exit, the pond, etc. - approximately 20,000 
tomans. 

With an exchange rate of 7.6 tomans = $1.00, the total of 611,200 tomans 
is equivalent to $80,000. This is a very small and shallow qanat. Deep and 
long qanats would require much more money. Even in the 1950s and 1960s 
hundreds of thousands of dollars were required for a long and deep qanat, 
as in the Kerman region (English 1966:139-40). With inflation, if dug the 
traditional way, such qanats today would cost in the millions of dollars. 

Qanat Irrigation: 
The Division and Distribution of Water 

Qanat water is used in a cycle that consists of a specific number of days 
(and nights) (Bonine 1982:148-52). In central Iran, for instance, individual 
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village cycles range from six days to as long as twenty-two days. A farmer 
who owns or rents a share of qanat water is entitled to that share of water 
the entire year, not just for one specific cycle. Qanats with the same cycle 
can differ considerably in volume, and so the length of the cycle is not 
based upon the water flow. Soil conditions or the types of crops do not 
seem to be the reason either, and the length of cycles are often similar 
in specific regions, indicating perhaps a cultural-historical development 
(Bonine 1982). 

Division of a water cycle into time shares is the basis for water distri­
bution. A water share entitles the recipient to all the qanat water during 
that one time period. These units are not shares in terms of a specific vol­
ume of water, and so, if the volume of the qanat varies, so does the amount 
of water received during a specific time share. In the Yazd region of the 
central plateau the time shares range from a twenty-four-hour (shabeneh 
ruz = "night and day") or twelve-hour (taq) period for very small flowing 
qanats to units that are seven and a half minutes to twelve minutes each 
(often called jurreh or sabu) for the larger qanats. For such latter units, 
for every shabaneh ruz (twenty-four hours) there will be as many 128, 130, 
140, or 144 jurreh. A village with 140 jurreh per twenty-four hours and a 
ten-day cycle would therefore have a total of 1,400 water shares to be used 
by the farmers for the entire cycle. (See Bonine 1982 for further explana­
tions, examples, and variations.) 

The smaller water shares traditionally were timed by using a water 
clock, a copper bowl or tashteh that has a small hole in the bottom. Placed 
on the surface of a larger water vessel, when the bowl sinks it is equal to 
the time of one water share. If a farmer owns or rents five shares of water, 
during his turn for water the bowl ( operated by the mirab, the person who 
times the shares) will sink five times. Although watches and clocks have 
replaced most tashteh, numerous village qanats, especially more remote 
ones, were still using the water clock in central Iran in the early 1970s 
(Bonine 1982). 

The oldest type of traditional irrigation in Iran (and the Middle East) 
is flood irrigation, also called border or strip irrigation. Whether from a 
qanat, river, or wells, water is conveyed in an open ditch system of chan­
nels (jubs). In central Iran the qanat water flows into a series of rectangu­
lar strips (karts) where low and parallel border ridges control the water, 
and crops are irrigated by inundation. The karts are constructed with 
their long axis in the direction of greatest slope and water is diverted into 
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Figure 9.4 Rectangular channels and korts of an Iranian village ( adapted 
from Bonine 1982). 

the upper end of each strip, advancing down the slope in a thin sheet. 
The size of the kort depends upon the slope, flow of water, and the soil 
texture, and so sizes can vary considerably from village to village. For the 
irrigated lands of a village, considerable labor (and skill) is needed to de­
sign the system so that proper slope conditions will enable water to flow 
from the channels to the strips and even from kort to kort. 

A grid pattern of channels on each side of the main channel (shahjub) 
distribute the water to the rectangular system of korts (figure 9.4). Hence, 
the border strips do not follow the contour, but the entire system is ori­
ented the same way- the direction of greatest slope. Water is diverted 
from one channel to another or into fields merely by blocking the appro­
priate channels with mud dams, although wooden checkgates are used in 
a few large villages where water flow in the shahjub is quite swift. The pre­
dominately rectangular irrigation and field system not only facilitates the 
irrigation itself, but it also helps in measuring divisions for inheritance 
and selling. Because the qanat water is used in time shares, calculations on 
how long to water each specific plot are crucial. The more regular (rect­
angular) and similar in size, the easier it is to calculate the length of time 
needed for watering individual fields-which can be done quite easily by 
the local users. Because in most cases a qanat's flow is seasonal and varies 
due to the amount of rainfall, the number of fields that can be irrigated 
depends not only on the total number of water shares but also on the vol­
ume of the qanat's flow. 
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A core area of fields is always watered sometime during a com­
plete cycle, and so it is more intensively used. Double-cropped fields 
and orchards, which may also contain crops, constitute this zone. These 
fields are usually the most rectangular and uniform. Beyond these parcels, 
usually downslope, are other plots that are used in a system of single crop­
ping and fallow, their use depending upon the water supply. Such fields 
also can be watered seasonally by a river system, which may either be 
an entirely separate network of channels or feed into the qanat irrigation 
channel network. The fields watered only by a seasonal river tend to be 
more irregular because precision of timing is not as crucial. Such water is 
more variable in volume and comes suddenly, lasting only a short period. 
The more water, the more fields to be irrigated. 

The overall morphology of the field system and the settlement are 
also influenced by the fact that an initial qanat irrigation system must be 
planned and constructed essentially as a single unit. When a qanat is built 
the flow is estimated, and then, depending on the flow and the designated 
cycle, the amount of land to be irrigated must be determined. Then the 
network of channels must be dug to reach the various parcels-which also 
must be prepared for the correct size and slope. Certainly, the construc­
tion of a qanat irrigation system was not only costly, but also most skillful 
and labor intensive. 

Qanats and Irrigation Cultures in Iran 

Qanats and qanat irrigation have had a profound influence on the life of 
the Iranian villager, for the cycle of water use, seasonal ebb and flow of the 
qanat, and rainy and drought periods all influence the agricultural and 
rural activities and "impose a rhythm on life" on the villagers (McLachlan 
1988 :93). In fact, Iranian qanat irrigation has produced what can be called 
"irrigation cultures" (McLachlan 1988), for we cannot understand the tra­
ditional village life in the central plateau of Iran without understanding 
the role of the qanat. As McLachlan (1988:90-91) notes: 

Reliance on the qanat by small and large landowners gave a powerful 
incentive for joint action in ensuring water supply, managing the irri­
gation cycle and preventing waste. It might be argued that for as long 
as the qanat remained the sole source of water it created and kept in 
being a strong element of social cohesion, even though this was ex-
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pressed in many villages in oppressive relations between the more and 
less powerful participants in the irrigation system that it spawned. 

Water from qanats is often called ab-i deh (water of the village), a term 
not used for water from wells or rivers. Villages are so connected with the 
water cycle of their qanats that when qanats have declined drastically in 
flow-or totally dried up-village social and economic relationships are 
changed, often rather drastically. The local villagers are directly involved 
in the distribution or overseeing of the qanat water (Lambton 1953; Bonine 
1982:155-57). Although small qanats (and hence small villages) often do 
not have specific persons designated to supervise or oversee the division 
of water, the larger systems do require specific individuals to ensure their 
proper operation. Often one or two persons- the mirabs - are in charge 
of overseeing the timing of the shares, either by the water clock (bowl) or 
now, more commonly, by a watch. The mirab keeps a record of the use 
of everyone's water shares, which takes into account the trading, buying, 
and selling of water shares, and determines that each individual gets the 
correct number of shares (Bonine 1982). Other officials include persons 
to keep channels cleaned; individuals assigned to open and close certain 
channels, checkgates, or the pond that has collected water over a period 
of time (for smaller qanats); and persons to protect the cultivated fields 
and orchards from animals and thieves. Payment to these officials may be 
in kind or in a certain number of water shares per cycle. 

Local agriculture in Iran traditionally (before land reform) was done 
by work teams of sharecropping peasants, called bunehs (Hoaglund 1981, 

1982). In fact, central and eastern Iran, the area where qanats occur, has 
been identified as the principal zone for these bunehs (Safinezhad 1977). 

The work teams often included the ownership of oxen (gav) for plough­
ing, and so the teams were also called gavband. A village might have a 
dozen or so bunehs that were assigned specific lands to irrigate from the 
qanat. In some instances land was drawn by lottery and hence changed 
each year; in other villages, peasants who had the right to cultivate (pos­
sessing the nasaq) kept the same lands. A buneh usually consisted of four 
to seven men, but it could be as few as three and as many as fourteen 
in larger villages. Each buneh was under the supervision of one peasant 
(the sarbuneh), who was appointed by the landlord. The teams worked 
together ploughing, sowing, irrigating, weeding, spreading manure, and 
harvesting. 
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Iranian land reform in the 1960s did away with sharecropping and 
many other inequities. As peasants who possessed the nasaq acquired land 
(and water), the buneh structure disappeared. For instance, in the small 
village of Talebabad (studied by Safinezhad) all sixty peasants were orga­
nized in fifteen four-man bunehs in 1965-1966 that were gone by 1975-
1976; and thirty-nine of the sixty peasants worked alone (Hoaglund 1981: 
203). "The decline in importance of the bunehs was a direct, albeit un­
intended consequence of land reform" (Hoaglund 1982:101). Individual 
peasant farmers, now interested in maximizing their own profits, have at­
tempted to manage the irrigation and cultivation themselves without any 
major cooperation. Rural cooperatives have expanded their membership 
during the Islamic Republic, but their role for irrigation is not clear and 
often not effective, for "different factions within the government have op­
posing views on whether the cooperatives should function through local 
initiatives or be tightly controlled by the state" (Ajami 1993:257). 

The key point is that qanat water in Iran has been (and is) locally 
managed, which also is verified by a number of village and ethnographic 
studies (e.g., Alberts 1963; Spooner 1974; Kielstra 1975, 1989; Hartl 1979, 
1989). Especially before the 1960s land reform, the majority of villages and 
qanat water were owned by "landlords" (arbab) and not by the peasants 
(and buneh teams) who were working the land and using the water (see 
Lambton 1953). The arbab often were absentee landlords, living in the pro­
vincial capital or even Tehran. In other cases the landlords lived in the vil­
lages, although there were usually several important families who owned 
most of the water and rented it out to individual farmers (or bunehs). 

In any case, even for the absentee-owned villages (before land reform), 
the irrigation system was managed entirely locally. The mirab and other 
officials were local villagers, and decisions for the distribution of the sys­
tem were being made at the village level (although certainly affected by 
the landlords). Repairs and cleaning of the qanat ( every several years) were 
handled by assessments on each share holder, often made annually and 
saved until needed. At least in the Yazd area, these assessments were taken 
out of the payment for each water share - and hence the landlords were 
theoretically paying for the upkeep of the qanats (which they owned). 

Although there were certainly economic (and social) inequities in the 
traditional landlord-peasant relationships, the qanat irrigation systems in 
Iran were managed quite efficiently. This is emphasized by the fact that 
many qanats deteriorated during the 1960s when there was great uncer-
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tainty about the status of future ownership of land and water, so nobody 
wanted to invest in the upkeep of the qanats. Also, in many cases when the 
peasants who had been renting qanat water received the water (and land), 
they did not continue to invest in the qanats. The traditional system of 
qanat upkeep was no longer in place, and there was no effective new sys­
tem. The farmers had no compulsion to invest in the long-term future of 
the qanat and its water. In some instances, newly established cooperatives 
have made funds available for the repair and upkeep of the village qanat, 
but this appears to be the exception rather than the rule. In fact, such co­
operatives are more likely to promote and lend money for the drilling of 
wells, which may only lead to the further decline or even demise of qanats. 

Qanat water is also an integral part of the socioreligious system in 
Iranian villages. Water from the channel is used to fill the tanks and foun­
tains used for ablutions in the village mosques, and many shares of water 
are often vaqf or religiously endowed property. Hence, the rent for some 
shares of water is used to support a mosque or religious event, such as 
the Muharram ceremonies practiced by these Shi'i Muslims. Sometimes 
a major portion or even all of a water cycle is vaqf. The endowed water 
shares may be for institutions outside of the village as well, particularly for 
specific mosques or shrines of the provincial capital near the village and 
where the absentee landlords may live. Therefore, vaqf water in villages 
around Yazd, Kerman, or Kashan will sometimes support institutions in 
those towns. Needless to say, when such qanats decline or even dry up, 
there is much less support for specific local religious structures or for 
charitable purposes, impacting not only individuals but also the socioreli­
gious institutions in this Islamic society. 

Qanats and Iranian Settlement Form 

and Social Structure 

Qanat irrigation and agricultural practices have also played an over­
riding role in the layout and morphology of traditional Iranian settle­
ments (Bonine 1979, 1989). Most settlements in the central plateau ex­
hibit a rather distinctive orthogonal or rectangular network of streets and 
houses. This grid pattern has resulted from the rectangular irrigation and 
field system. As villages (and even cities) expanded, they filled in adjacent 
rectangular fields and orchards. The orientation of the irrigation network 
(and fields) was determined by the need to arrange the rectangular fields 
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and orchards to the slope of the land. Major streets and many blind alleys 
already existed within the field patterns before houses spread into these 
areas. Even the sizes and shapes of new houses are governed by the pre­
existing system of fields and passageways (Bonine 1979). 

The specific village site is determined by the qanat and the irriga­
tion system. Because water is available only beginning at certain depths 
in alluvial fans, the exit of a slightly sloping underground channel can 
occur only at certain places. Once a village is established any subsequent 
new qanat must be constructed even more carefully and precisely, so that 
it exits at the appropriate part of the settlement and fields. 

Clean drinking water must be available for inhabitants, so the exit of 
the qanat must be a proper distance upslope from the village and fields, 
although larger settlements that have many qanats do not have to use all of 
them for drinking water, so some systems can exit at fields even below the 
village. In some cases, as in the linear alluvial fan villages of the Kerman 
Basin, the main water channel actually passes through household com­
pounds (English 1966). When qanats flow beneath a settlement (which can 
include qanats destined for other villages many kilometers downslope), 
houses sometimes will have access to that water by either "wells" or steps 
down to the qanat. Basements also can be cooled by qanats used in con­
junction with wind towers (figure 9.5) (Roaf 1982). Wealthy homes are 
usually the ones that have access to qanats (Bonine 1980a). Because very 
little water is used for domestic purposes, and as long as the water is not 
contaminated by its use by the household(s), there usually are no com­
plaints by the inhabitants of the settlement to which the qanat flows. In 
fact, it would be considered immoral- if not illegal under Islamic law­
to deny any individuals or households access to water for drinking and 
domestic purposes. 

Where there is sufficient water and enough slope, water-powered grist 
mills are sometimes built into qanat systems as well (Beazley and Harver­
son 1982:73-87). Certain public structures are also built or planned within 
the systems. If a water cistern, public bath, fountain for a mosque, or even 
a traditional icehouse (Beazley and Harverson 1982:49-56) were present, 
then clean water would have to be made available from the system. In 
Khoranaq (northeast of Yazd) there were many separate uses of the water: 
first for drinking and cooking, then in pools for washing of dishes with 
sand, then to the public bath, then to small pools for washing clothes (with 
detergent today), then through three water grist mills for grinding flour, 
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Figure 9.5 Cross-section of an Iranian house, showing how a qanat can 
cool a basement (adapted from Roaf 1982). 
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then into pools where straw can be soaked for construction and animals 
watered, and then finally flowing out to the agricultural fields (Roaf 1989). 
Most of these uses of qanat water were planned and constructed when the 
initial system was built. 

Qanats also are responsible for "social gradients" within the settle­
ments (English 1966). A social hierarchy is produced related to access to 
water. Further upslope the water in the system is cleaner and more plenti­
ful, so wealthier and more powerful people, including the landlords, have 
their houses at the uppermost part of the channel after it emerges from its 
underground conduit. Especially if there is one main owner, the channel 
may run through his house (and orchards) before continuing to the rest of 
the village and the cultivated fields. In linear mountain villages the hier­
archy may continue to the end of the housing, where the poorest receive 
the least and worst water. 

Social gradients are also present in cities, where specific neighbor­
hoods or quarters are more or less desirable, depending upon when they 
receive water. In medieval Nishapur, for instance, the desirability of resi­
dential districts was in relation to access to water (Bulliet 1976). In Herat, 
Afghanistan, the traditional quarters of the old city are even named by 
the order in which they received water from the Hari Rud, with the last 
or fourth quarter being the worst residential area of the old city (English 
1973). Where several qanats supply a settlement or new qanats are con­
structed, multiple foci for social gradients are created (see McLachlan 
1988). Hence, the morphology of large settlements becomes quite com­
plex, with numerous better or worse neighborhoods being related to the 
water supply. 

Qanats and Wells: The Competition for Water 

Compared to the 1950s and 1960s, qanats in Iran have declined substan­
tially in number and, on the average, their flow has decreased. The prin­
cipal reason for the decline and demise of many qanats has been the con­
struction of modern wells that use diesel pumps. Shallow wells (chah-i 
nim-i amigh), from 5 to 50 meters in depth, and deep tube wells (chah-i 
amigh), from 50 to 150 meters (or even more) in depth, have led to the de­
terioration of many of these traditional irrigation systems. Basically, too 
many wells have been dug too close to the mother wells of qanats and too 
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close to one another, and as a consequence there has been a drastic fall in 
the underground water table in almost all areas of the central plateau. 

As the water table falls, the water bearing zone decreases and hence 
the flow of the qanat is less, creating the same effect as a drought. Finally, 
as the water table continues to decline, it drops below the mother well 
and the conduit of the qanat, and the system goes completely dry. Some­
times the channel is extended (i.e., dug farther back into the alluvial fan 
or plain), but in only a few instances has this operation been successful. 
Wells have caused drops of 10 to 20 meters in the water table in only a few 
years, and in some cases over 100 meters within one or two decades. In 
such situations, qanats, some of which had operated effectively and effi­
ciently for centuries, have become useless dry channels. 

If a village's qanat dries up, the village will die, so the settlement must 
now dig a well to survive. In some cases such a well will in turn affect the 
qanats that flow to other villages downslope. To survive, more and more 
wells must be dug and the many wells begin to compete with each other. 
A vicious cycle is created in which an entire system or valley of qanats 
will soon be destroyed. Ehlers (1989) provides an excellent example of the 
introduction of wells and their impact on the qanats of an entire valley 
in Assadabad, a basin of the central Zagros. The valley covers about 660 
square kilometers and has 130 villages, 83 of which can be termed moun­
tain villages and 48 villages of the plain. In 1976 these villages supported 
about 65,000 persons and cultivated 35,000 hectares annually. About half 
of the villages (and population) were originally watered by qanats, with 
the remainder being supplied by springs and small streams. Nearly all of 
the villages in the plain, which were the larger settlements, had qanats. 

The first shallow well was introduced into the valley as early as 1945, 
but by 1962 the number of wells had increased to thirty-nine. Then the 
number increased dramatically-to 439 in 1969 and to 1,386 in 1979. The 
depth of these wells in most cases ranged from only 8 to 12 meters. But 
by 1979 at least eighteen deep tube wells had been constructed; these wells 
ranged from 70 to 118 meters in depth. They had a much greater discharge 
than the shallow wells and affected the water table much more rapidly. 

Ehlers (1989) also notes that a deep well costs on the average 175,200 
tomans ($23,000)-with annual management and maintenance costs of 
20,000 tomans ($2,600). On the other hand, a shallow well costs only 
about 22,000 tomans ($2,900) to construct and considerably less to main­
tain. These figures emphasize that, similar to qanats, considerable capital 
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was needed for a deep well, although some peasants (or several together) 
could more easily manage to finance the digging of a shallow well. 

All of the qanats of the Assadabad Basin were destroyed by the late 
1970s. The water table had dropped so drastically that a number of the 
shallow we!ls had also dried up. Even more disturbing is the fact that the 
agricultural system declined as a result of the new dependence on wells 
and the subsequent overuse of the aquifer by the wells. Also, with the dis­
appearance of the qanats the social order changed. The new and more 
productive deep wells, which required considerable capital, were financed 
and owned by large landlords. They now had their own substantial supply 
of water in which the common villagers did not have a share (as they had 
had under the qanat water arrangements). These landlords irrigated their 
own lands and changed to mechanized agriculture, the latter exempting 
their land for redistribution under the terms of the land reform program 
of the early 1960s. More peasants were now without any cultivation rights, 
and many were in debt as they tried to finance the digging and mainte­
nance of the shallow wells, which in some cases went dry anyway. 

In summary, in only two decades, over a thousand wells were dug in 
the Assadabad Valley, causing a drastic decline in the level of the water 
table and ruining all of the qanats. It was a major ecological and socioeco­
nomic disaster- and one that, unfortunately, was repeated in many other 
valleys and regions of Iran. Since the early 1980s, on the other hand, the 
Islamic Republic has focused its agricultural policies at improving local 
village agriculture in its goal for self-sufficiency in agriculture (Mclach­
lan 1988; Schirazi 1993), so perhaps the decline of some of the systems has 
been reversed (hence, the statistics for the increase in qanats in the 1980s 
mentioned earlier). 

Qanats as Viable Local Systems 

Qanats in Iran are the legacy of a traditional technology that was devel­
oped over 2,000 years ago (English 1968), and they are an integral part 
of traditional Iranian rural society and culture. It is a system that has 
enabled human societies to occupy and survive in extremely marginal 
arid environments. It also represents a system that is in equilibrium with 
the environment. Yet, qanats often have been considered anachronistic 
in today's modern technological world. Planners, agricultural engineers, 
consultants, and development agencies often have viewed these under-
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ground water systems as not conducive to modern, capitalist commercial 
agriculture. In fact, the decline of the qanat in Iran in the 1960s and 1970s 
was facilitated by the Pahlavi government's agricultural (and land reform) 
policies, which promoted mechanization of agriculture and development 
of large-scale agricultural projects for commercial export crops (Hoag­
lund 1982; Goodell 1986; Mclachlan 1988). 

The belief often has been that "qanats are relics of an age when only 
small-scale power sources were available and when making use of gravity 
to deliver irrigation water was highly beneficial. They played a vital role 
in sustaining agriculture in semi-arid and arid regions, but in the future 
it seems inevitable that they will become less and less important" (Beau­
mont 1989: 31). But is it inevitable that qanats will decline, become less 
important, or disappear completely? 

The advantages and disadvantages of these systems must be under­
stood and evaluated. Disadvantages are that 

1. the systems are expensive and time consuming to build, 
2. water flows, even when not needed, 
3. a group of specialists (muqanni) are needed to keep the qanats in repair, 
4. the systems are subject to droughts and seasonal changes, 
5. water is lost by seepage in the channels, 
6. planning for agricultural development is difficult because of the unreli­

able water supply, 
7. qanats are limited to only certain areas of sufficient aquifers, slope, and 

so on, 
8. they can be dangerous for the workers, and 
9. large storms can damage them, requiring difficult, expensive repairs. 

Advantages of qanat systems include 

1. a fresher water source than is available at lower elevations, 
2. gravity water flow that needs no pumps or other mechanical equip­

ment, 
3. mostly underground water flows, which minimizes evaporation loss, 
4. low maintenance costs (once built), with only occasional cleaning 

needed, 
5. appropriate use of the aquifer that does not change the availability 

of water, 
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6. small size, which makes them compatible with small villages and local 
management, 

7. making water available for small-scale farming, thus minimizing the 
need for large schemes that overuse water and damage the aquifer and 
ecology for the short term, 

8. promoting the continued viability of farming communities by being 
an integral part of the rural social system, 

9. contributing to a sustainable irrigation system for entire valleys by 
allowing water seepage to be used by other qanats farther downslope, 
and 

10. contributing to the growth of vegetation along channels and within 
villages when channels are at the surface (a situation that would not 
occur with efficient, closed pipes). 

Perhaps a fresh look and a new evaluation of qanat systems are needed. 
If combined with modern technology these systems might continue to 
provide a viable source of water for the future. Advancements and im­
provements might include modern surveying instruments, boring ma­
chinery, the use of fans for ventilation for workers, the use of better lining 
for a safer channel, the use of concrete pipes to convey water in certain 
areas to reduce seepage, and the construction of reservoirs to save the 
water in the winter. Also, recent attempts at artificial recharge of aquifers 
of qanats have enabled the systems to continue or even increase in flow 
(Behnia 1993). Even with technological changes, qanats can still remain 
manageable at the local level. 

Certainly, the advantages and disadvantages of qanats must be con­
sidered and evaluated in order to determine whether or not these systems 
can be viable in the modern world. Yet it is apparent that modern pump 
wells, although more "efficient" than qanats, have led to major ecologi­
cal and social problems in Iran. As in many dry regions of the world, the 
overpumping of aquifers and even depletion in some cases have led to 
the eventual decline of agriculture and to the deterioration of the envi­
ronment and increased desertification. In the case of Iran it also has pro­
moted the dismantling of rural society, changing the costs and access to 
water, and even the socioeconomic interrelationships of villagers. 

Although there are some problems and disadvantages to qanats, there 
also are many positive benefits of these local, farmer-managed irrigation 
systems. Their preservation and continued use need to be incorporated 
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into any future irrigation and agricultural planning in Iran. Such systems, 
which can be properly managed at the local level and provide a livelihood 
for considerable numbers of people, should not be deemed anachronistic 
and unsuitable for the modern world. They have proven their sustain­
ability in the extremely marginal arid environment of the Iranian Plateau. 
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-The Utility of Tradition in 
Sri Lankan Bureaucratic Irrigation 
The Case of the Kirindi Oya Project 

Pamela C. Stanbury 

Irrigated agriculture has a long history in Sri Lanka. The ancient hy­
draulic civilization dating to the second century B.c. is a testament to the 
country's achievements in irrigation engineering and social organization 
for irrigation management (Murphey 1957; Gunawardna 1971). Although 
many of the ancient irrigation systems were abandoned during the thir­
teenth century A.D., in recent years the government of Sri Lanka has reha­
bilitated them and settled them with people from the overcrowded coastal 
zones. These "new" settlements have come to be known as the "coloniza­
tion schemes." A total of 263,636 hectares of newly irrigated land has been 
settled in the last fifty years (Stanbury 1989 :3). Today, public spending on 
irrigation constitutes one of the largest parts of the Sri Lankan govern­
ment's budget, underscoring the importance of irrigation to the economy. 

Despite the government's investment in irrigation, the new coloniza­
tion schemes are characterized by numerous management problems. To 
many critics, the fault lies in the lack of farmer involvement in man­
aging the systems and the farmers' strong dependence on the government 
bureaucracy. Efforts to remedy management problems have focused on 
enhancing water-user participation in the operation and maintenance of 
irrigation systems. And the key has been to incorporate many social and 
institutional features that are thought to have existed- and worked effec­
tively- in traditional village irrigation systems of the past. The result has 
been the use of idealized images of the past to reengineer the social fabric 
of irrigation management in Sri Lanka. 

These efforts call into question the utility of applying principles of 
traditional village irrigation to the bureaucratically managed colonization 
schemes of today. Can traditional irrigation management institutions be 
called upon to effectively improve the performance of large, complex sys­
tems? Are traditional irrigation communities so different from the large, 
state-run colonization schemes that any effort to apply features of the 
latter to the former is futile? Skeptics often argue that modern bureau­
cratic systems lack the social characteristics of traditional systems, par-
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ticularly those concerned with control over water. In this view, the social 
and economic fabric of irrigation communities has changed so drastically 
that any attempt to replicate traditional irrigation management practices 
will not work (Hunt 1985; Abeywickrema 1988; Abeyratne 1986; J. Perera 
1988). 

This chapter posits a more optimistic view about the utility of apply­
ing traditional village irrigation management principles - whether ideal­
ized or not- to today's colonization schemes. Clearly, there are great dif­
ferences between the two systems, yet perceptions of traditional irrigation 
management have stimulated government attempts to pursue a more par­
ticipatory approach to water management and involve water users more 
in irrigation decisions. From this perspective, the lessons from traditional 
systems may be providing the impetus for a bureaucratic reorientation on 
the part of government staff, greater communication between irrigation 
officials and water users, and greater cooperation among users. 

I begin this chapter with an overview of modern irrigation in Sri 
Lanka and the growth of the colonization schemes. I then describe the ele­
ments of traditional irrigation management and show how these have been 
transposed on a new colonization scheme in southern Sri Lanka, known 
as the Kirindi Oya Irrigation and Settlement Project (KO ISP) (figure 10.1). 

I conclude with an assessment of the value of applying traditional village 
irrigation management principles to systems characterized by enduring 
bureaucratic control. 

Modern Irrigation In Sri Lanka 

The Sri Lankan economy is predominantly agricultural. Irrigated rice is 
one of the principal crops grown and provides the staple food for most 
households. Other major crops are tea and coconuts. Geographically, the 
island is divided into two distinct zones: a wet zone in the coastal south­
west region and a dry zone occupying approximately 60 percent of the 
land area. Rainfall in the Dry Zone is relatively limited and is concen­
trated in two periods from October to December and April to May. The 
topography and climate of the Dry Zone permit irrigated rice cultivation. 
High constant temperatures, gentle relief, concentrated rainfall and a suc­
cession of small shallow stream valleys combine to promote irrigation 
based on water captured in small tanks or reservoirs (De Silva 1981:28). 

In areas where the topography permits, larger tanks can support greater 
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Figure 10.1 Location of Kirindi bya Irrigation and Settlement Project 
(KOISP), Sri Lanka. 
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population concentrations. Irrigation has played a vital role in the Dry 
Zone throughout history. The remains of the ancient hydraulic civiliza­
tions dating from the second century B.c. to the thirteenth century A.D. 

attest to the area's potential. Today, the total land area under irrigation 
is 500,000 hectares, including small village tanks less than 80 hectares, 
larger colonization schemes, and complex multipurpose systems covering 
40,000 hectares and more. 

To manage and service these complex and multiple systems, an irriga­
tion bureaucracy has grown increasingly complex. The small village tank 
schemes (known as minor schemes) are, in principle, managed by the 
local community, but the Department of Agrarian Services provides assis­
tance as required. All other types of systems are controlled and managed 
by separate agencies within the government bureaucracy. The coloniza­
tion schemes, which cover a total of approximately 300,000 hectares of 
land, are managed by the Irrigation Department and large multipurpose 
schemes are managed by specialized departments, modeled after the Ten­
nessee Valley Authority. The well-known Mahaweli Project is managed by 
the Mahaweli Authority of Sri Lanka (MASL) and covers approximately 
460,000 hectares (Perera 1986:1). 

Bureaucratic Origins 

The irrigation bureaucracy has its origins in the nineteenth century, when 
British colonial administrators, intent on increasing agricultural revenues, 
began to focus on the Dry Zone. Long abandoned since the thirteenth cen­
tury, the visible remains of the ancient irrigation works inspired colonial 
administrators to recapture the past glory and create a newly flourishing 
agricultural sector. Attempts to rehabilitate the abandoned tanks began, 
accompanied by efforts to resettle people from the more densely popu­
lated coastal areas. In 1900, the Irrigation Department was established to 
manage these new colonization schemes. 

In the 1930s, severe food shortages throughout the country led gov­
ernment officials to seek ways to promote a rapid increase in agricultural 
production. The result was full-scale colonization in the Dry Zone, a pro­
cess that has been well documented by B. H. Farmer (1957). Since the 
1930s, colonization has become an increasingly politicized issue. For many 
of the Sinhalese majority, it has become a symbol of a return to the heart­
land of the ancient Sinhalese irrigation civilization (Moore 1985:45). 
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The Dependency Syndrome 

Initiating colonization schemes in Sri Lanka involved a good deal of gov­
ernment control and social engineering. Government officials provided 
incentives to move to what, in many cases, were less than desirable loca­
tions. The settlements were often remote, lacked amenities, and were far 
removed from family and existing social networks. In order to attract 
would-be settlers, the government created the basic infrastructure, in­
cluding land for farming, homesteads and irrigation water. It financed the 
irrigation works, conducted land leveling and initiated the jungle clear­
ing. Furthermore, as part of its welfare attitude towards the peasantry, the 
government selected settlers who were landless, gave them equal amounts 
of land in new communities and a package of inputs to start a new life. 
Settlers were not required to pay for irrigation water, and all financial re­
sponsibility was assumed by the state. 

The high level of government involvement in the colonization schemes 
has been attributed to physical and institutional factors associated with 
the large scale of these schemes. Physical factors include the demands of 
large and complex irrigation distribution networks, the large number of 
small-scale farmers involved, and the great distance between the main sys­
tem and the beneficiaries, so that the main systems could not be easily 
managed by the communities themselves. Institutional factors include the 
government's social welfare orientation, the heterogeneous nature of the 
settlers, the inability of large groups to organize cultivation calendars 
themselves, and the insensitivity of the irrigation bureaucracy to farmers 
(Abeywickrema 1988:23). 

Not surprisingly, these schemes came to be characterized by a great 
deal of settler dependency on the state, and government officials played a 
paternalistic role with settlers. The level of dependency was demonstrated 
in an extreme form when officials even chose marriage partners for the 
settlers (Ellman et al. 1976:8). Settlers, on their part, tended to view the 
schemes as belonging to the government, not themselves. The result was 
that settlers have felt no sense of ownership of the irrigation channels and 
have felt no reason or need to participate in irrigation maintenance or re­
habilitation. 

During the 1960s the poor returns on investments and the gross ineffi­
ciencies in management of the colonization schemes became increasingly 
clear. Systems fell in disrepair, water was wasted, and water distribution 



Sri Lankan Bureaucratic Irrigation 215 

problems became common. Many critics began to argue that the root 
cause of the problem was the absence of effective local level organizations 
and leadership within the irrigation communities. They criticized the gov­
ernment for its overly domineering role that effectively undermined any 
community management and engendered dependency on outside forces 
(Merrey and Somaratne 1988). Since the 1970s, efforts to redress these 
concerns have focused on promoting greater participation in irrigation 
operation and maintenance by the colonists themselves. The logic is that if 
farmers participate more in decision making, they will take an interest in 
making needed repairs, invest in routine maintenance and allocate water 
more efficiently. Furthermore, in doing this, farmers will reduce govern­
ment expenditures and optimize agricultural production and incomes. 

Several experiments involve farmers more in irrigation decisions at 
the tertiary and secondary level of the canal systems. These experiments 
involve the promotion of water-user associations, which are designed 
to increase farmer involvement in planning and design, water distribu­
tion, and maintenance and rehabilitation. The water-user associations are 
formal organizations of water users, with elected representatives, an active 
membership and regular meetings. Perhaps the most important experi­
ment in this regard has been the Gal Oya Project, which was established 
to rehabilitate one of the old tanks and to bring new land under culti­
vation. At Gal Oya, efforts were made to foster water user groups using 
"catalysts." The catalysts were local field officers, trained in participatory 
management, who worked closely with water users to help them develop 
the water-user associations along field channel and distributary channel 
lines (Perera 1988; Uphoff 1986). 

The experiment at Gal Oya and subsequent experiments in other 
major irrigation schemes suggest that farmers will respond to opportuni­
ties to take greater responsibility for system operation and maintenance. 
These experiences also suggest that the presence oflegitimate and effective 
farmer associations can lead to improved cooperation among farmers and 
improved cooperation and communication between farmers and agency 
officials. 

Tradition in Modern Irrigation Systems 

Efforts to foster farmer participation in the colonization schemes today, 
such as the Gal Oya experiment, have in part drawn on the experience in 
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other Asian countries (see Uphoff 1986; ISPAN 1994). Yet they have also 
borrowed specific features of Sri Lanka traditional village irrigation sys­
tems and have applied them to the modern context. These features arise 
from the locally managed village tanks. Historically, village tanks served 
local communities under the principle of one tank-one community. A 
village tank was created by damming up a natural stream and building 
a long earthen wall to hold the water. At various periods of decline in 
the central government, many of the small village tank systems endured 
while the larger, centrally controlled ones were more prone to collapse 
(De Silva 1981). 

Modern perceptions of the traditional village irrigation system are 
generally as follows: 

1. The community depends heavily on the irrigation system for agricul­
ture as well as domestic needs, inducing a sense of community respon­
sibility for the whole system. 

2. The village community is relatively homogenous. 
3. Because of its small size, the farmers can control, manage, and have an 

intimate knowledge of the whole system. 
4. Traditional systems include the kanna (cultivation) meeting, which pro­

vides for farmer participation in the planning of the cultivation calen­
dar and the enforcement of cultivation decisions. 

5. Also included is the bethma, a practice of sharing irrigable land during 
periods of drought and limited water supply. 

6. The village organization and the vel vidane (irrigation headman) sys­
tem ensure proper administration and equitable distribution of water. 

7. Labor and payments in kind (rajakariya) are contributed to ensure 
proper maintenance of irrigation facilities. 

This characterization conforms to Edmund Leach's classic description 
of village irrigation in Pul Eliya, and indeed, one wonders if Leach himself 
was not responsible for perpetuating beliefs about traditional irrigation 
management. Leach (1961) described a community oriented around the 
village irrigation tank. According to Leach, the group was relatively homo­
geneous and community members were all stakeholders in the irrigation 
system. Kinship, as he described it, was not so much a function of de­
scent from a common ancestor as it was one of location - that is, location 
around the tank. Within the community of Pul Eliya, a number of insti­
tutions ensured the operation and maintenance of the system. A public 
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village meeting, the kanna meeting, provided a forum for collective deci­

sions about water distribution and cropping patterns. The kanna meeting 
exists today and is one social institution that has been formally codified 
in irrigation legislation; it is required of all irrigation systems, both small 
village schemes and larger multipurpose schemes. 

Leach also described the responsibilities for water distribution and 
management in Pul Eliya. A locally elected leader, the vel vidane (irriga­
tion headman), was responsible for operating the sluice and distributing 
water. The distribution system was calculated by tradition, not something 
that the vel vidane worked out for himself (Leach 1961:164). Leach (1961: 

165) notes, "although the present generation of Pul Eliya villagers are not 
at all clear about the inner logic of it all they are keenly aware that the nu­
merical formulae handed down from ancient times are very important." 
The concept of the vel vidane has been the subject of much debate, in 
terms of its historical roots (Hunt and Hunt 1976:394) and its utility as an 
institution today (Alwis 1988). At some points in history, the position of 
the vel vidane was legally sanctioned, while during other times the sanc­
tion was removed. Today, efforts are being made to ensure that the legal 
definition of this position fits within the context of the major colonization 
schemes and to ensure that it serves to represent the water users' interests. 

Bethma, the system of sharing irrigated land during times of water 
scarcity, was practiced in Pul Eliya to ensure equitable distribution of 
water, according to Leach. This practice was enforced through custom­
ary arrangements, though not codified in law. In recent major irrigation 
schemes, the government has tried to revive the practice of bethma in 
efforts to conserve water and distribute it more equitably (see Ekanayake 
and Groenfeldt 1987). 

The bureaucratically run systems of today are in many ways differ­
ent from the traditional village tank schemes. Yet, the government has 
introduced elements to foster greater community participation, improve 
operation and maintenance, and reduce water-user dependency on gov­
ernment agencies. How well the principles of traditional village irrigation 
management fit the context of modern day bureaucratically run systems 
remains a key question for irrigation planners and policy makers. The 
recent Kirindi Oya Irrigation and Settlement Project (KO ISP) offers an op­
portunity to see how well the traditional social institutions for irrigation 
management fit in the modern context. 
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The Kirindi Oya Irrigation and Settlement Project 

The Kirindi Oya Irrigation and Settlement Project (KO ISP) is one of the 
Sri Lankan government's most recent efforts to bring new land under cul­
tivation through irrigation development and colonization. The project is 
situated in southern Hambantota District, approximately 260 kilometers 
from the capital city of Colombo along the coastal road (figure 10.1). The 
project involves the development of water resources of the Kirindi Oya 
(oya means river in Sinhalese) and adjacent areas. It is designed to provide 
irrigation facilities, social services, and infrastructure to a newly settled 
population of approximately 8,000 families. In addition, the project in­
volves augmentation of the water supply of six existing tanks and rehabili­
tation of irrigation structures in an adjoining settled area of 4,585 hectares. 

KOISP lies in the Dry Zone, with a mean temperature of 26° Centi­
grade, and annual rainfall of less than 1,230 millimeters. Seventy-five per­
cent of rain falls during the maha, or rainy season, from October to March. 
Rainfall in the area is so seasonal and erratic that cultivation of rice is un­
tenable without irrigation. Thus, the introduction of irrigation has made 
permanent agriculture possible during the maha. If enough water remains 
in the reservoir, irrigated crops may also be cultivated during the dry sea­
son from April to August, known as yala. 

Initial planning for KO ISP began in the 1950s as part of a more com­
prehensive government scheme to develop the water resources of eight 
major river basins. Financial and political setbacks delayed the project 
until 1981. Phase I was completed in 1988 with settlement of approximately 
4,000 families and allocation of an equal number of hectares of irrigated 
land. The project has received substantial financial assistance from the 
Asian Development Bank and the German Kreditanstalt fur Wiederbau 
(KFw). In large measure, KOISP is typical of recent irrigation develop­
ment in Sri Lanka- large in scale and dependent on foreign involvement 
in financing and planning. 

The project is located in an area with archaeological r.emains of irri­
gation works, an indication of the areas' irrigation potential. Much of 
the area was abandoned, and in 1881 a British chronicler described it as 
a "desolate wilderness" (Farmer 1957:13). After six centuries of disrepair, 
several of the ancient irrigation tanks were restored by the British in the 
late nineteenth century, and a diversion scheme was developed to tap 
water from the Kirindi Oya. Village tank irrigation in the area is described 
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by Harriss (1977). Under the KO ISP, the water supply for these tanks has 
been augmented with supplies from the river. In addition, many of the 
old irrigation structures have been rehabilitated. Thus, the old tanks are 
now linked to a larger irrigation network to achieve a more secure and 
dependable water supply. 

A complex bureaucracy developed to manage and support the settle­
ment and irrigation activities in KOISP. The Irrigation Department, Land 
Commissioner's Department, and numerous other agencies were all in­
volved in the construction of irrigation systems, settlement and infra­
structure development and provision of services to farmers. In addition 
to these agencies, a newly created Irrigation Management Division was 
given responsibility for fostering community participation in irrigation 
management tasks. This division was established at the central govern­
ment level in 1984, with the expressed mandate of fostering community 
participation and coordination among government agencies. 

Community Management in KOISP 

Because it was one of the last irrigated settlement schemes to be devel­
oped, KOISP profited from lessons learned during previous decades of 
experimentation with different approaches to colonization. Drawing on 
the failures of the past, the KO ISP managers made efforts to engage the 
community of new settlers to participate in managing the irrigation sys­
tem. Although some of the techniques drew upon experiences elsewhere 
in Asia (most notably, the Philippines), many of the techniques also have 
a decidedly Sri Lankan cultural foundation and are rooted in Sri Lankan 
village community traditions. These techniques have had to be modified 
to meet the demands of a large bureaucratically controlled system but still 
show promise for improving the operation and maintenance of KO ISP. 

The One-Tank-One-Village Principle 
The Irrigation Department and Land Commissioner's Department co­
ordinated efforts to create hydrologically based communities so residence 
and water sharing would be coterminous. This attempts to replicate the 
one-tank-one-village principle described for traditional village irrigation 
by Leach (1961). Although KOISP is a much larger system than tradi­
tional village tank systems, it has been divided into smaller community 
units. Thus, the two main canals (left and right bank main canals) are di-
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vided into tracts with approximately four residential villages and twelve 
distributaries per tract. Each village corresponds to approximately three 
distributary channels. Finally, a number of field channel turnout units are 
located along each of the distributaries. Each turnout includes approxi­
mately five to fifteen individual farm allotments. 

The selection of settlers and allocation of land to them was designed 
to foster cooperation in managing shared water resources. New settlers 
were each allocated one hectare of irrigated land for cultivation of rice 
and a smaller half hectare of highland for a homestead in the adjacent 
village. Settlers who came from the same villages originally were allo­
cated land near one another. Furthermore, planners attempted to allocate 
homesteads to groups of farmers who had irrigated allotments on the 
same turnout of the canal system. 

The significant point is the government's attempt to create a structure 
that would foster community participation in the operation and mainte­
nance of the irrigation system. It marked a significant change from earlier 
efforts to get the engineering design right, but at the expense of com­
munity organization. In KO ISP, planners tried to avoid this by fostering 
hydrologically based communities within the larger project. 

Creating Water- User Associations 

With a community structure in place, the next step was to foster active par­
ticipation in irrigation management by the new communities of settlers. 
The Irrigation Management Division (IMD), a separate division in the 
large irrigation bureaucracy, undertook this task. A project manager from 
IMD was assisted by a number of Association Organizers (Aos), who re­
sided in the villages and worked closely with community members to 
form water user associations. This catalyst approach was developed in Gal 
Oya and had begun to spread around the country to other schemes. 

In KOISP, each water-user association conformed to a hydrological 
unit. The structure was hierarchical and corresponded to the turnout and 
distributary levels of the system. Each field channel comprised a group 
with an elected field channel representative. Each field channel representa­
tive was then a member of a distributary organization that had an elected 
distributary channel representative. In turn, each distributary channel rep­
resentative formed part of a village level association (figure 10.2). Water 
distribution in the turnout area was handled by the association members. 
The turnout representatives were responsible for coordinating the distri-
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Figure 10.2 Organization of water-user associations in the Kirindi Oya 
Irrigation and Settlement Project. 

bution of water within the field channel. At the time of field research, it 
was unclear whether water users would eventually take responsibility for 
distributary channel water distribution. 

The farmer representative role bears some similarities to the role of 
the vel vidane described in traditional village tank systems. The vel vidane 
played a key role as irrigation headman, elected by consensus of the 
community members, but ultimately under the control of the irrigation 
bureaucracy. In KO ISP the farmer representatives were independent of the 
government. As elected leaders they could voice concerns and problems 
to the irrigation officials but were not directly under the irrigation bureau­
cracy's control. 

The Kanna Meetings 
The planning procedures for the cultivation season were developed at the 
kanna meeting in KO ISP. But, in a departure from the village tank schemes, 
the planning procedures in KOISP required collaboration between gov­
ernment officials from the irrigation department and the water users. The 
dates were officially fixed at the meeting and decisions were made about 
the extent of the area to be cultivated. The kanna meeting was a time when 
project officials and farmers could reach consensus. Pre-kanna meetings 
were held by the irrigation tract members, to enable all farmers in each 
tract to participate and to get farmers' approval. The pre-kanna meetings 
allowed farmers to express their grievances and resolved disputes prior to 
the kanna meeting itself (Merrey and Somaratn 1988). 
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Shramadana 
In KOISP, each turnout group was expected to participate in desilting 
channels, making minor repairs, and contributing to maintaining drain­
age areas through labor contributions and work groups. Distributary 
maintenance was also to be carried out by the associations, but through 
paid contracts from the Irrigation Department. This form of traditional 
labor contribution met with limited success in KOISP. The Irrigation De­
partment complained that it was too difficult to get farmers to do the 
work on time. Although farmers did participate in some work on the field 
channels, many felt that the problems of alignment, siltation, and drain­
age were due to the design and construction problems and pointed the 
finger at the Irrigation Department for deficiencies. There was the sense 
that the system belonged to the bureaucracy, not to them. 

Bethma 
Although the practice of bethma did not exist in KOISP, planners dis­
cussed implementing some form of land sharing as new calculations about 
the amount of water available in the reservoir became available. Once the 
second phase of the project was completed, it was anticipated that some 
form of bethma would be necessary to make up for the inadequate sup­
plies of water. Whether bethma is a feasible solution in a large system like 
KOISP remains to be seen. 

The Value ofTradition in KOISP 

KOISP, like other recent colonization schemes, differs from the image 
of traditional village tank systems in that water users do not have con­
trol over the entire system and must deal with an external government 
bureaucracy. A number of technical factors make it difficult for commu­
nity members in the larger colonization schemes to undertake all respon­
sibility for water delivery. First, the maintenance of the headworks re­
quires the skills of a trained professional. Management of the main canal 
system requires the services of paid officers, and if the main system does 
not work properly, farmers cannot manage water below the field channel 
level. Furthermore, settler involvement in management decisions is ham­
pered by the fact that they are a heterogeneous group and often lack the 
in-depth knowledge of the local area and knowledge of how the irrigation 
system works. 
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Given these factors, a select number of features of traditional village 
irrigation management have been adapted and incorporated into KOISP. 

The hydrologically based settlement planning, the kanna meeting, water­
user representation, and potential labor contributions by water users all 
set the stage for more effective cooperation and participation in managing 
a common water resource at the second and tertiary level of the irrigation 
system. Farmer representatives are a modification of the vel vidane posi­
tion, modified so that the position truly represents the water users. This 
is important in a system where external bureaucratic control is persistent. 
Although at the time of this field study the representatives still had diffi­
culty communicating their needs to agency officials, the institutionalized 
nature of the vel vidane position helped water users voice their problems 
and concerns so the system could work more effectively for them. 

KOISP was still in an early stage of development during the period of 
field research, and the newly formed water user associations were not yet 
established. Some problems of cooperation for maintenance and water 
distribution were evident, but were largely attributed to the fact that the 
system was new and construction was still ongoing. The future remains 
to be seen, but KOISP shows that the principles of irrigation manage­
ment attributed to traditional systems may be applied usefully to modern 
bureaucratic systems. 

Perhaps most important, the application of traditional irrigation man­
agement principles in KOISP has contributed to a bureaucratic reorienta­
tion within the irrigation agencies. Although the farmers' ability to effect 
change was limited because they only represented parts of the system, they 
were able to draw attention to problems in ways that would have been im­
possible without the water user associations. Agency staff were beginning 
to recognize the need to work with water users and to listen to their prob­
lems and demands, a step in the direction of a more participatory and 
democratic management structure. 

Conclusions 

Like many Asian countries, bureaucratic control dominates much of Sri 
Lanka's modern irrigation practices. Yet, recent efforts have been made 
to reduce farmer dependency on state agencies and involve them more 
in managing the irrigation systems. Many of the ingredients of partici­
patory management are found in the customary practices described for 
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traditional village irrigation systems. KO ISP and systems like it clearly dif­
fer from the village tank systems in their size, issues of control over water, 
planning, and design. These factors pose new challenges in terms of sys­
tem operation and maintenance. 

This chapter has attempted to show some linkages between traditional 
and modern irrigation principles and practices. It takes the position that 
these features have been important in the bureaucratic reorientation of 
the government agencies in Sri Lanka. Customary practices have provided 
a model for changing behavior of agency staff and for changing farmers' 
attitudes towards the agencies and the irrigation system itself. If it appears 
an overly optimistic scenario, it is because the author sees a role for tra­
ditional irrigation management in irrigation development today. Whether 
real or idealized, the images of participation, of community organiza­
tion and of community responsibility provide a model for transforming 
bureaucratic irrigation systems. 

The author has taken a rather liberal view of what traditional irriga­
tion is in Sri Lanka. The historical roots of various practices appear less 
important than the fact that they represent something traditional and in­
digenous, rather than foreign and imposed. Accordingly, they have been 
a useful tool for reorienting priorities in irrigation development. KOISP 

most likely will continue to suffer from operation and maintenance prob­
lems, but water users' problems and their demands may be given more 
attention than has been the case in the recent past. The past offers in­
sights- and, indeed, practical advice-for future irrigation management. 
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■ The Relevance of Indigenous Irrigation 
A Comparative Analysis of Sustainability 

Jonathan B. Mabry and David A. Cleveland 

In the latter half of the twentieth century, international agricultural de­
velopment efforts have invested heavily in irrigation because of its proven 
abilities to expand cultivated areas and to increase yields on existing crop­
lands. The overwhelming emphasis of these investments has been on what 
can be described as "industrial irrigation," systems that are developed in 
industrialized countries and introduced to nonindustrial ones. These sys­
tems rely on mechanization, increased energy and capital inputs, large­
scale physical infrastructures, centralized management, and fewer crops 
bred to be more responsive to agrochemicals and increased water supplies. 

The many traditional systems of irrigated agriculture that are being 
replaced can be described as "indigenous irrigation," systems that are 
locally developed by cultures with unique histories, often over long peri­
ods of time, and usually relying on intensive human labor, small-scale 
water control systems, direct farmer management, and a diversity of crop 
varieties adapted to local environments. Today, most indigenous irrigators 
use a mixture of traditional and modern technologies and techniques, 
and are at least partially linked to national, regional, and global mar­
kets. Many indigenous irrigation systems have also been incorporated into 
larger, state-managed, industrial irrigation systems. Where an adequate 
degree of local autonomy has been maintained, however, indigenous irri­
gation systems retain enough of their local adaptations to remain distinc­
tive from industrial systems. 

Our purpose in this chapter is to reassess a few conventional wisdoms 
about the differences between these two types of irrigated agriculture, 
introduce some new hypotheses, and carry out preliminary tests with 
some of the available data. Our theory is that indigenous systems of irri­
gated agriculture are more ecologically and socially sustainable over the 
long term. Three general hypotheses based on this theory are discussed in 
the following sections: On average, indigenous systems of irrigated agri­
culture are (1) more efficient in the use of energy, capital, and natural re-
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sources; (2) have more stable yields over the long term; and (3) are more 
equitable in terms of opportunities, benefits, and risks. We test these hy­
potheses by reviewing comparative data on relative efficiency, stability, 
and equity (basic properties of agroecosystems, and essential components 
of sustainable economies), and suggest some additional data that may be 
needed to fully assess them. If comparisons among existing data and from 
future investigations support acceptance of these hypotheses and more 
specific versions, then we can conclude that indigenous irrigation systems 
hold useful lessons for the development of sustainable agriculture. 

Efficiency 

Comparative data indicate that in both nonirrigated and irrigated agricul­
ture the efficiencies of the primary factors of agricultural production are 
inversely related, there are limits to their substitutability for each other, 
and the relative returns to the substituting factors of industrial agricul­
ture decline over time. These patterns and trends lead us to hypothesize 
that indigenous irrigated agriculture is less labor efficient than industrial 
irrigated agriculture, but makes more efficient use of energy, capital, and 
natural resources. In the following we show how these differences are ob­
scured by simplistic conventional economic calculations, but are obvious 
when true values and additional relevant variables are included. 

Hidden Costs of Conventional 

Economic Efficiency 

When applied to agriculture, efficiency, as defined by conventional neo­
classical economics in terms of benefits relative to costs, discounts long­
term returns from soil, water, and other agricultural resources in favor of 
short-term yields and profits (Norgaard and Howarth 1991). An example 
is the practice of pumping groundwater at rates in excess of natural re­
charge rates, as is done on one-fifth of the irrigated land in the United 
States (Brown and Young 1990). Also, many costs are not included in 
benefit-cost accounting of agriculture and irrigation. Economic costs are 
hidden by subsidies, and environmental and social costs are either consid­
ered too long-term to be relevant, are removed as "externalities," or are 
not even acknowledged (Daly and Cobb 1989). 

The total costs of industrial irrigated agriculture are often hidden by 
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government use of general tax revenues to subsidize between half and all 

of the costs of construction and water delivery on large irrigation projects 
(Sagardoy 1982; Repetto 1986; World Bank 1992). In the 1980s, all of the 
costs of construction were subsidized on government irrigation projects in 
Indonesia, Malaysia, Vietnam, Australia, Peru, Saudia Arabia, and South 
Africa, while between 80 and 100 percent of all water costs were waived 
in government irrigation schemes in China, India, Pakistan, Indonesia, 
Mexico, Bangladesh, Egypt, and the Philippines. An average of 60 percent 
of construction costs, and 60 to 99 percent of water costs, were subsidized 
on federal irrigation projects in the United States during that decade. This 
makes industrial irrigated agriculture appear more economically com­
petitive than it would be if the benefiting farmers had to assume complete 
costs at true market values. 

Soil salinization, cropland loss, water contamination, population dis­
placement, increasing incidence of disease, and other long-term costs of 
industrial irrigation are usually not adequately estimated, but are begin­
ning to outweigh the short-term benefits on a global scale. Salinization 
resulting from overirrigation and poor drainage has significantly reduced 
yields on more than 60 million hectares world-wide, about a quarter of 
the total area irrigated, and 25 million hectares have been abandoned be­
cause of salt accumulation (World Resources Institute 1992). Annually, 
for every additional hectare brought into production by new irrigation 
schemes, another goes out of production because of salinization (Umali 
1993). "Superdams" constructed on major rivers in Africa since 1950 have 
displaced more than a quarter of a million people, and destroyed their 
traditional subsistence base of flood recession agriculture (Scudder 1989). 
It is estimated that Pakistan's Kalabagh Dam will uproot 234,000 people, 
and adversely affect the water quality and supply of fifteen to twenty mil­
lion more (Gazdar 1990). Resettlements of about a million people each will 
be necessary to complete dams on the Yangtze River in China (Ryder 1988) 
and the Narmada River in India (Alvares and Billorey 1988). Associated 
with construction of large reservoirs and permanently flowing canals are 
increased incidence rates of diseases and infections spread by water-borne 
parasites and other vectors, including malaria, schistosomiasis (bilharzia), 
liver flukes, filariasis, onchocerciasis (river blindness), dengue fever, yel­
low fever, chikungunya fever, and encephalitis (Sheridan 1984; Oomen, 
deWolf, and Jobin 1988). Around the world, a wide variety of successful 
indigenous modes of subsistence, including irrigated farming systems, are 
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being replaced by industrial irrigation at enormous environmental, social, 
and health costs that are seldom included in long-term cost projections. 

Limited Substitutability of 

Factors of Production 

The neoclassical economic model of agriculture considers land, labor, 
and capital as the primary resources or "factors" of production, assumes 
that each can be almost infinitely substituted for any other, and focuses 
on their changing relative costs in a market-driven search for economic 
efficiency measured in terms of productivity and profit. The elegant sim­
plicity of this conventional model is also its greatest weakness. It collapses 
within the single category of capital equally important factors of produc­
tion such as technology, while cultural knowledge of environments and 
farming techniques are ignored altogether. It also subsumes energy and 
other natural resources within the category of land, reduces the contri­
bution of land to rent (and rent to a surplus that is excluded from price 
determinations), and assumes that if production falls due to reduction in 
the quality or quantity of land, that production can be maintained or in­
creased by substituting capital or labor (Daly and Cobb 1989).1 

Daly (1990) proposes that the distinction between natural capital and 
human-made capital is important, and that their substitutability for each 
other is ultimately limited. For example, because harvest rates cannot ex­
ceed natural regeneration rates to maintain sustained yields, and rates 
of waste emission cannot overwhelm the absorption capacities of ecosys­
tems, these regenerative and assimilative capacities of ecosystems should 
be treated as forms of "natural capital," as the failure to maintain them 
represents unsustainable capital consumption. Capital and labor are rela­
tively substitutable for each other because they both function to transform 
resources into products, but they cannot significantly substitute for natu­
ral capital because the materials transformed and the tools of transfor­
mation are complements in their production roles, not substitutes (Daly 
1990; see also El Serafy 1991). 

Inverse Efficiencies of Factors of Production 

In the irrigated form of industrial agriculture, capital and energy are sub­
stituted for labor and/or water, with the costs of substituting resources 
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increasing as the costs of those being substituted for decrease. Data from 
studies of irrigation in the western United States during the late 1970s 
and early 1980s (Batty and Keller 1980; Roberts, Cuenca, and Hagan 1986) 
show that decreases in labor or water costs tend to be balanced by an in­
crease in capital and/or energy costs. For example, if labor-intensive hand­
moved sprinklers are compared to labor-efficient drip lines, each hour of 
labor saved per hectare corresponds with a savings of 22.5 cubic meters of 
water and .346 gigajoules of energy, along with higher operating costs of 
$9.69 (when installation costs are included, these inverse correlations are 
magnified until investments are paid off). The data indicate that increased 
efficiencies of one kind are largely offset by decreased efficiencies in the 
other factors of production. 

In contrast to these trends in industrialized countries (see also Ruttan 
1984; Barlett 1989), the diffusion of the industrial system of agriculture to 
other parts of the world has boosted land productivity only at the costs 
of increased labor, water, and energy. In regions where capital-intensive 
mechanization was not affordable for farmers, the necessary higher ap­
plications of water, fertilizers, and pesticides associated with adoption of 
modern crop varieties has led to higher labor inputs to realize the same 
yields. Studies of twenty different regions in South Asia, Southeast Asia, 
and Indonesia conducted in the early years of the Green Revolution, be­
tween 1966 and 1975, found that paddies planted in modern rice varieties 
required an average of 22 percent higher labor per hectare than did fields 
growing traditional varieties (Barker and Herdt, with Rose 1985:127). In 
these regions the increased land productivity made possible by Green 
Revolution technology was offset by decreased productivity per unit of 
labor. This is the same kind of agricultural "involution" described by 
Geertz (1963) for the intensification of wet rice production in Indonesia 
prior to the Green Revolution, which raises some important questions 
about the real-versus-predicted effects of the Green Revolution on labor 
efficiency. 

Declining Returns to Industrial Inputs 

Even in regions where efficiencies of one or more production factors have 
increased, declining economic returns to capital and energy inputs­
the substituting factors of industrial agriculture- are becoming apparent. 
Marginal production response to fertilizer applied to a U.S. cornfield or 
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Indonesian rice paddy is only half as much as twenty years ago (World Re­
sources Institute 1990). Yields of modern wheat varieties have not changed 
since 1970 in Pakistan's Punjab region (despite an increase in fertilizer 
use from 40 to 114 kilograms per hectare), while the marginal increase in 
grain production from each kilogram of fertilizer applied has fallen to less 
than 5 to 1 in other parts of Pakistan, compared to over 10 to 1 in the first 
years of the Green Revolution (Byerlee 1990). After some initial success, 
pesticides have also lost their effectiveness. Before the use of modern agro­
chemicals, about a third of the world's annual harvest was lost to insect 
pests and weeds. Today, while the numbers of pest species known to be 
resistant to insecticides and herbicides have increased a hundred-fold, the 
proportion of the crop lost is about the same or greater (Dover 1985). As 
per capita grain production has leveled off, so have economic returns to 
the crop varieties, inputs, and methods of industrial agriculture in some 
of the world's most densely populated countries, including India, Indo­
nesia, Taiwan, South Korea, Japan, China, and Mexico (Brown and Young 
1990). Some see this as an indication that the period of dramatic increases 
in food production due to the Green Revolution may be over, while the 
costs of industrial agriculture continue to climb and the supporting fossil 
fuel reserves rapidly dwindle (Brown and Young 1990; Cleveland 1990). 

Ratios of Total Energy Outputs to Inputs 

Aside from the problems with how benefit-cost ratios are calculated, the 
difficulty of measuring long-term human and environmental costs, and 
the inaccuracy of the assumption of unlimited substitutability of pro­
duction factors, ecologists' calculations of total energy inputs and out­
puts show that the energy efficiencies of industrial agricultural systems 
are often negligible, and have declined through this century. Time-series 
analysis of total energy output relative to the sum of energy inputs (di­
rect fuel and electricity costs plus indirect energy costs of infrastructures, 
labor, and manufactured inputs such as agrochemicals) in U.S. agricul­
ture between 1910 and 1988 shows that indirect fossil fuel use dominated 
direct use, with energy efficiency declining rapidly between 1910 and 1973 

as total energy use increased more than 500 percent, and then increasing 
efficiency between 1974 and 1988 as total energy use decreased 42 percent 
(C. Cleveland 1991).2 

World-wide comparisons, meanwhile, show that the impressive yields 
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of industrial agriculture, derived from intensive use of manufactured, fos­
sil fuel-based inputs, represent lower energy efficiency relative to less in­
dustrialized systems of agriculture (Cox and Atkins 1979; Pimentel and 
Pimentel 1979). This contrasting pattern is also apparent in comparisons of 
ratios of energy outputs to inputs in different irrigated systems ( table 11.1). 
An irrigator in the Ziz Valley oasis of southern Morocco, for example, in­
vests sixty-four times more manual labor than his California counterpart 
to produce a wheat yield of up to 4,000 kilograms per hectare, but he uses 
less than half as much petroleum inputs in the forms of agrochemicals and 
fuel for machinery (Mabry, Ilahiane, and Welch 1991). The Moroccan's 
crop yield thus represents a ratio of energy return of up to 12.3 to 1, while 
the Californian's average crop yield of 4,640 kilograms per hectare repre­
sents a relatively meager energy return of 7.3 to 1 (Pimentel and Pimentel 
1979). Maize crops produced from raised and drained chinampa fields in 
the Valley of Mexico represent an impressive return of 103.4 to 1 (Sanders 
and Santley 1983), while irrigated rice production in California has one 
of the lowest energy output-to-input ratios in world agriculture: 1.4 to 1 

(Pimentel and Pimentel 1979). Traditional systems offlood recession agri­
culture, which rely on "natural irrigation," also have relatively high poten­
tial energy efficiencies: up to 102.5 to 1 for riverbank maize production in 
southern Belize (Wilk 1985); 71.7 to 1 for floodplain rice production along 
rivers in the upper Amazon Basin in Peru (Chibnik 1990); and 152 to 1 for 
sorghum cropping on the alluvium of the Senegal River (Park 1992).3 

Economies of Scale in Irrigation 

and Agriculture 

Increasing farm sizes and a search for economies of scale are also sig­
nificant trends in the development of industrial agriculture. Here again, 
direct and indirect state subsidies of production costs and discounting of 
future returns distort both market processes and measurements of agri­
cultural efficiency. For example, in the western United States, despite the 
provision in the 1902 Reclamation Act limiting use of water from fed­
eral water projects to 160 acres (65 hectares) per farmer, or 320 acres (130 

hectares) per married couple, farmers were at first able to avoid breakup 
of their large holdings by irrigating the legal amount with federal water 
and pumping free groundwater for the remainder (Worster 1985). By mid­
century, though, the provision was interpreted more loosely by the Bureau 
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Table 11.1 Energy inputs and outputs m indigenous and industrial irrigated grain 

Inputs 
Grain 
and Fossil- Total 
Type of Animal fuel energy 
agriculture Location Human labor labor Fertilizers 1 based 2 input 

hrs/ha kcal/ha a kcal/hab kg/ha kcal/ha' kcal/ha kcal/ha 

(x ooo) (x ooo) {x 000) (x 000) (x ooo) 

Maize 
Recession Southern Belize 448 67.2 67.2 

Floodwater Central Mexico 100 25.0 594.0 619.0 

Canal 

irrigation Central Mexico 153 78.8 594.0 672.0 

Sprinkler 

irrigation Western U.S. 12 5.6 280 2,225.6 6,526.5 6,532.1 

Raised-

drained field Central Mexico 200 103.0 103.0 

Wheat 
Recession Egypt, pre-Aswan Dam 555 83.2 1,926.0 2,009.2 

Canal Ziz Valley, Morocco 449 231. 2 95 807. 5 848.9 1,080.1 

irrigation Eastern Jordan Valley 520 267.8 34 289.0 330.4 598.2 
Uttar Pradesh, India 615 316.7 1,926.0 41.4 2,284.1 

Sprinkler 
irrigation Western U.S. 7 3.2 106 841.0 2,112.4 2,115.7 

Rice 
Recession Upper Amazon, Peru 634 95.1 95.1 
Canal 

irrigation Lowland Philippines 1,864 960.0 952.0 30 280.0 321 .4 2,276.9 

Eastern China 1,048 539.7 952.0 195 3,616.3 1,639.9 3,131.7 

Lowland Japan 1,128 524. 5 431 1,639.9 6,721.7 7,246.2 

Western U. S. 12 7.9 347 2,859.4 14,431.6 14,439.5 

Sorghum 
Recession Senegal Valley, Mauritania 300 45 .o 45.0 

Sprinkler 

irrigation Western U.S. 12 5.6 119 1,000.8 5,372.6 5,376.1 

(1.) Nitrogen, phosphorous, potassium 
(2.) Machinery, fuel, fertilizers, pesticides, drying, transportation 
(a.) Recession: 150 kcal/hr; floodwater: 250 kcal/hr; canal irrigation/raised-drained field: 515 kcal/hr; industrial 
canal/sprinkler irrigation: 465 kcal/hr 
( b.) Animal labor: 3000 kcalf hr 
(c.) Nitrogen: 14,700 kcal/kg; phosphorus: 3000 kcal/kg; potassium: 1600 kcal/kg. 
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production, 1975-1985. 

Outputs 

Total Energy 
Grain Labor energy return 
yield productivity output ratio 

kg/ha kg/hr kcal/had kcal output/input 

(x 000) 

230-1,940 .5-4.3 816.5-6,887.0 12. 1-102.5 

800-1,000 8.0-10.0 2,840.0-3,550.0 4.6-5.7 

1 ,000-1,400 6.5-9.1 3,550.0-4,970.0 5.3-7.4 

5,390 449-5 19,134.5 2.9 

3,000 15.0 10,650.0 103.4 

570-2,850 1.0-5.1 1,892.0-9,462.0 .9-4.7 

1,346-4,000 3.0-8.9 4,468.7-13,280 4.1-12.3 

2,500-4,500 4.8-8.6 8,300.0-14,940.0 13.9-25.0 

1,600 2.6 5,312.0 2.3 

4,640 562.9 15,404.8 7.3 

2,000 3. 1 6,820.0 71.7 

2,050 l . 1 6,990.0 3.1 

3,770 3.6 12,885.7 4.1 

5,710 5. l 19,471.1 2.7 
6,160 362. 3 21,005.6 1.4 

400-2,000 .5-2.5 1,368.0-6,840.0 30.4-152.0 

3,030 252.5 10,362.6 1.9 

(d.) Maize: 3550 kcal/kg; wheat: 3320 kcal/kg; rice 3410 kcal/kg; 
sorghum 3420 kcal/kg. 
Sources: Pimentel and Pimentel 1979; Wilk 1985; Sanders and Santley 
1983; Stanhill 1984; Barker, Herdt, and Rose 1985; Chibnik 1990; 
Qasem 1990; Mabry, llahiane, and Welch 1991; World Resources 
Institute 1992; FAO 1991; Park 1992 
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of Reclamation, when the 160-acre allotment was extended to every adult 
member of a farm household, and time limits on leasing were ended. In 
this case, an economy of scale was obtained by the larger farms of the west­
ern United States through greater use of subsidized water from federal 
projects, unregulated individual use of common property water resources, 
or both. 

In addition to the distorting effects of subsidies and discounting, 
the pattern found through cross-cultural comparisons challenges the 
economies-of-scale model by suggesting that productivity (output per 
unit of land area over time) and efficiency (ratio of output per unit of in­
put over time) may be inversely related to the scale of production units 
(sizes of fields and farms). This possibility is usually overlooked in indus­
trial countries due to the belief that smallholder production is less efficient 
than large-scale agribusiness, and in developing countries due to the need 
to rapidly boost national productivity. According to studies in India, how­
ever, irrigated agriculture increases in productivity as the size of farms 
decreases (Saini 1979). World-wide, in fact, there is an inverse relationship 
between area cultivated and yield in all types of agriculture; on average, 
smallholders get more out of the same amount of land (Berry and Cline 
1979; Netting 1993). Strange (1988) has concluded from comparative data 
that, even in the United States, where farmers take pride in the labor effi­
ciency of their large operations, smaller and medium-size farms are more 
efficient in resource use, their production costs relative to gross sales are 
lower, and their profits as a percent of gross sales are higher.4 

Management Structure 

and Administrative Efficiency 

Comparative data suggest that, in addition to the scale of production units, 
efficiency and productivity in irrigated agriculture is related to manage­
ment structure, or the locus of resource control. Because their adminis­
tration is less efficient in terms of information flow and decision making, 
centrally managed systems have lower productivities than locally man­
aged ones. Ostrom (1993), in her comparisons of 108 irrigation systems in 
Nepal, found that farmer-managed systems averaged crop yields of 6 met­
ric tons per hectare, compared to 5 metric tons per hectare on agency­
managed systems. The tendency of centrally managed systems toward 
lower productivity is probably related, at least partly, to the logistical dif-
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ficulty of efficiently monitoring and directing multiple local units within 
large-scale systems from single, distant locations. 

Efficiency and 

Irrigated Agricultural Production 

The studies cited and our comparisons seem to support our hypothe­
sis concerning efficiency in irrigated agriculture. The data show inverse 
trends in the efficiencies of different agricultural resources in the trans­
formation to the industrial mode of agricultural production, declining re­
turns over time to the substituting factors of industrial agriculture (capi­
tal and energy), and relatively low efficiency in terms of the ratio of total 
energy outputs to inputs in industrial irrigated agriculture. The data also 
indicate that smaller farms and locally controlled irrigation systems tend 
to be more efficient and productive than larger farms and centrally con­
trolled systems. 

We suggest that these patterns indicate limitations to the substitut­
ability between primary factors of agricultural production, highlight how 
agricultural efficiency is measured in conventional economic models, and 
challenge the applicability of economy-of-scale models to farming. This 
does not mean, however, that industrial irrigated agriculture is less pro­
ductive over the short term, or is inefficient in terms of labor or even 
water use in the case of some application systems; we are only pointing 
out its hidden costs, tradeoffs, and negative long-term rates of return that 
are not usually considered. More complete accounting, along with a com­
parative perspective, will allow further testing of our hypothesis that the 
kinds of efficiency found in indigenous systems of irrigated agriculture, 
including those kinds not usually measured, are related to their appropri­
ate technologies, small scales, and local institutions for resource control. 

Stability 

In agriculture there is evidence for a causal and inverse relationship be­
tween stability and productivity at the biological, ecological and sociocul­
tural levels, which is mediated, to a large degree, by diversity (Cleveland 
1993, 1995). Because indigenous agriculture tends to be more biologically, 
ecologically, and socially diverse than industrial agriculture, it is logi­
cal that the replacement of indigenous irrigation by industrial irrigation, 
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as part of the industrialization of agriculture, increases instability. This 
deduction, supported by comparative data, leads us to hypothesize that 
industrial irrigated agriculture has less stable yields than indigenous irri­
gated agriculture. Initially, it may seem illogical to suggest that supplying 
water by irrigation to crops formerly dependent only on unreliable rainfall 
would decrease yield stability. As we hypothesize, however, it is not irriga­
tion per se that increases instability, but rather the tendency of industrial 
irrigation to increase irrigation intensity, diminish biological diversity, 
and decrease local management that account for the tendency of irriga­
tion to decrease yield stability.5 

Irrigation Intensity 

The intensity of irrigation, measured as the amount of water applied in a 
given area over a given time period, which includes expanding irrigated 
lands in a country or region, tends to increase with industrialization. This 
usually involves an increase in cropping intensity and a shift to more 
water-consumptive crops, both of which raise the demand for water per 
unit area, as well as demand for other inputs such as chemical fertilizers 
and pesticides. Comparative data suggest that, rather than the irrigation 
per se, the increased use of these related inputs and of water-responsive 
modern crop varieties decreases yield stability. 

Most quantitative analysis of yield stability has been done on short­
term variability and on comparison of periods before and after the devel­
opment or introduction of industrial agriculture (Anderson and Hazell 
1989). In one of the first reports to specifically examine yield stability in 
relation to irrigation, it was argued that "there is no evidence to sup­
port" the assertions made in the Green Revolution literature that mod­
ern technology, including industrial irrigation infrastructures, leads to 
increased yield stability (Barker, Gabler, and Winkelmann 1981:74). Com­
parative data were used to show that, although irrigation may potentially 
reduce moisture stress, it is frequently associated with an intensification 
of crop production and input use that is "destabilizing" (Barker, Gabler, 
and Winkelmann 1981:63). In a shift to industrial wheat production pro­
ducing 63 percent higher yields, for example, irrigated farms in the Yaqui 
River valley of Mexico experienced a 45 percent increase in yield vari­
ability (measured by standard deviation), to a level higher than that mea­
sured for rainfed industrial wheat production in Nebraska, United States 
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(Barker, Gabler, and Winkelmann 1981:59). A comparison of data from 
East Asia with the evidence from South and Southeast Asia supports this 
general hypothesis of an inverse relationship between industrialization of 
irrigation and yield stability. Barker, Gabler and Winkelmann (1981:64-

65) conclude that the data show higher absolute variability but about the 
same range of relative variability in East Asia, which had "the most highly 
developed infrastructure and the highest yields" of rice. 

Many other researchers have identified the same trend.6 Mehra (1981) 

has compiled data on variability in food grain yields in rainy (kharif) and 
dry ( rabi) seasons in India, revealing that variability tends to be higher 
during the rainy season, when a smaller proportion of the cultivable area 
is irrigated. She interprets this as showing that "irrigation by itself appears 
to reduce yield variability," but "when irrigation is combined with intense 
input use, yield increases, but so does variance" (Mehra 1981:30). She also 
found that the absolute variation (standard deviation) for all crops in­
creased by 75 percent, and for food grains by 65 percent, from the period 
before the Green Revolution, when local crop varieties predominated. 

Although confirming Mehra's findings, Hazell's (1982) reanalysis sug­
gests that the nearly 50 percent increase in relative instability between pre­
and post-Green Revolution periods, from 4.03 to 5.85, was due primarily 
to increasing covariation of yields of different crops in the same state and 
between states, rather than increases in crop yield variances per se. In 
either case, it is the synergistic movement toward modern crop varieties 
more responsive to increased supply of water and other inputs and the 
intensification of production and inputs (both typical of industrial irriga­
tion) that leads to increased instability.7 

Water Supply 

Increasing irrigation intensity is associated with increasing exploitation 
of water supply, as more sources are tapped at greater rates of use. Thus, 
the stability of water supply is a major factor affecting yield stability. 
Mehra (1981:37) believes that the evidence from her study of variability in 
Indian food grain production shows that "when seed-fertilizer technology 
is combined with assured irrigation, the tendency for variance to increase 
is neutralized." In the real world, however, farmers seldom receive the 
optimal amount of water at the right time to obtain the potential yields 
of industrial crop varieties. For example, Walker (1989) has shown that in 
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India, irrigation tends to increase covariance between regions for sorghum 
yields, but leads to reduced interregional covariance for millet yields. He 
concludes that "this puzzling result could stem from the fact that irri­
gated pearl millet often entails only one or two applications of water and 
is largely cultivated where water supply is most uncertain" (Walker 1989: 
99). Variability in water supply, then, may explain this pattern for millet.8 

As more accessible surface water supplies are allocated, irrigation sys­
tems tend to exploit groundwater, often at unsustainable rates, thereby 
stabilizing yields over the short term, but only by decreasing long-term 
stability. With fossil fuels, groundwater is pumped from deep tubewells­
an industrial technology widely adopted in nonindustrial countries- to 
provide almost all of Libya's and Saudi Arabia's water supplies, 95 per­
cent of Tunisia's, and 75 percent of Israel's and Iran's (Postel 1989). By the 
mid-198os, tubewells supplied 40 percent of the irrigated area in Bangla­
desh, and falling water tables and resulting saltwater intrusion has raised 
pumping costs and reduced water quality (Mandal 1987). Because of over­
pumping, groundwater levels are falling between 1 and 2 meters per year 
in parts of northern China, and 2.5 to 3 meters per year in the southern 
Indian state of Tamil Nadu; more than 4 million hectares in the United 
States ( about 20 percent of the total irrigated area) is supplied by pump­
ing in excess of natural recharge rates (Postel 1992). 

Biological Diversity 

An important corollary of increasing irrigation intensities and increas­
ing rates of wate.r resource exploitation is often the substitution of more 
water-consumptive crops and modern crop varieties for local farmers' or 
folk crop varieties.9 In fact, the spread of the Green Revolution in the 
Third World has largely been limited to the irrigated zones, and mod­
ern crop varieties have not performed well in marginal, rainfed areas of 
Asia, Africa, and Latin America, where more dependable local varieties 
still predominate (Chambers 1984a; Barker and Herdt, with Rose 1985). 
Decreasing crop genetic diversity may also contribute to destabilization 
of irrigated agriculture. For example, among ten Asian countries analyzed 
for before- and after-Green Revolution periods, "there was a tendency 
for the percent of area in modern varieties, yield, standard error, and co­
efficient of variation to increase with a rise in the percentage of irrigated 
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rice area" (Barker, Gabler, and Winkelmann 1981:63). Plant breeders and 
agronomists often find that crop yield cannot be increased without de­
creasing the stability of yield when the crop is exposed to drought, water­
logging, pests and pathogens, and other stresses. Although few compari­
sons between folk varieties and modern varieties have been carried out, 
existing data suggest that modern varieties often have higher yields than 
folk varieties under optimal conditions, while heterozygous and hetero­
geneous folk varieties with broad resistance to a variety of stresses often 
have higher production than modern varieties under stress (Cleveland, 
Soleri, and Smith 1994). 

It is not only through decreasing biological diversity that the spread 
of modern varieties may destabilize irrigated agriculture, but also through 
the high costs of other necessary inputs. Pandey (1989:236) notes that, be­
cause irrigation is often part of a package that includes modern varieties 
and fertilizers, it "increases the marginal productivity of other comple­
mentary inputs," leading to "more intensive cropping practices." In the 
case of modern varieties, this means that Third World farmers must often 
buy a whole package of industrial inputs from distant sources. Uncontrol­
lable interruptions of supply, along with difficulties in obtaining credit and 
unpredictable variations in annual incomes, also lead to yield instability 
when agricultural inputs must be purchased rather than locally obtained. 

At the ecological level, beginning in the field, the diversity of tradi­
tional agriculture in the form of many crops and many varieties of each 
crop, and diversity in soil conditions and field locations may often result 
in higher yield stability than demonstrated in uniform, industrial agro­
ecosystems. Intercropping tends to increase yield stability (Lynam et al. 
1986), and, although there are some exceptions (for example in China), 
irrigation leads to a significant increase in monocropping (Jodha 1990). 
The spread of uniformity across the landscape in the form of similar crops 
and crop varieties, planting patterns, inputs, and government agricultural 
price supports, all of which usually accompany the spread of intensive 
industrial irrigation, tend to increase the covariation or synchrony be­
tween crops and between regions. Along with greater instability of mod­
ern varieties per se under stressful conditions, this covariation contributes 
to yield instability (Anderson and Hazell 1989, Hazell 1989). 
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Management Structure 

At the social level, there is support for the hypothesis that centralized 
management structure causes an increase in yield instability by remov­
ing the ability and power of farmers and local communities to manage 
irrigation in response to changing local conditions. A number of social 
scientists investigating irrigation systems believe that increasing central­
ization of water distribution leads to a process of positive feedback that 
drives a centralizing trend to the point where production is pursued in 
almost complete isolation from environmental and local level social pres­
sures, leading inevitably to a system crash (Merrey 1987; Swearingen 1987; 
Chambers 1988:239-242; Cleveland 1996, Uphoff, Wickramasinghe, and 
Wijayaratna 1990; Wade 1986). In international agricultural development, 
the failure of projects planned and administered in ignorance of local sys­
tems, as most have been, is legend. 

In systems that centralize water control in the hands of headenders, 
the problems of tailenders resulting from decreased adequacy, reliability, 
and timeliness of water supplies are well-known, but Chambers describes 
a frequent, but less-recognized, problem among headenders in Asian irri­
gation systems: "Quite often, headreach farmers appear to be locked into 
their own variety of the tragedy of the commons. This is especially marked 
with field to field irrigation of paddy. The abundant issue of water and 
consequent flooding, combined with the cultivation of paddy by his neigh­
bors, remove any option from a farmer to grow anything but paddy; and 
then because all farmers follow this practice, waterlogging, salinity, and 
flooding ensue, reducing or eliminating yields" (Chambers 1984b:41). 

Community management of common property resources such as irri­
gation water sources and delivery systems may increase yield stability by 
managing for long-term conservation (sustainability), and these common 
property management institutions are more likely to evolve and persist 
where viable, local communities with control over local resources already 
exist. A review of a number of independently conducted case studies 
of common pool resource management supports the theory that irriga­
tion water and other common property resources tend to be managed 
by local community groups such as water users' associations when there 
is a common understanding of problems and alternative solutions, when 
decision-making costs are less than benefits, and when local organiza-
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tions are nested in a hierarchy of organizations that protects them from 
external forces such as government interference, market fluctuations, and 
population pressure (Ostrom 1992, 1993). 

The effect on stability of industrial irrigation in increasing central 
management and simultaneously reducing local control is illustrated by 
the Salinity Control and Reclamation Projects (SCARPS) of South Asia. 
SCARPS are attempts to salvage large-scale industrial irrigation systems 
from production problems by further application of the same central 
management industrial development approach that created the problems 
in the first place. SCARPS are dominated by engineers who see "physical, 
hardware remedies ... as the only remedies," and completely ignore obvi­
ous solutions, such as supplying less water (Chambers 1988:78, empha­
sis in original). For example, in the Swabi SCARP in northwest Pakistan, 
water-user associations and a demand system were proposed as ways to in­
crease production by increasing farmer participation, but their design and 
application tend to decrease participation and increase instability (Cleve­
land 1996). In fact, the main purpose of water-users' associations seems 
to be to force the irrigators to carry out the program planned for them 
by the central bureaucrats. As with most conventional irrigation develop­
ment in Pakistan, this project also ignores farmers' agricultural expertise 
and their knowledge of the irrigation system. 

Stability and Irrigated Agricultural Production 

Overall, the available data do appear to support our hypothesis that the 
increasing intensity, decreasing biological diversity, and centralization of 
management that accompany the industrialization of irrigation tend to in­
crease variability in yield compared with indigenous irrigation. Although 
the effect of irrigation on yield stability depends on the timing, season, 
and predictability of the water supply, irrigation generally increases abso­
lute variability because of the associated increases in yield, planting of 
water-responsive modern crop varieties, homogeneity of the growing en­
vironment, and covariance between neighboring fields. Efforts to assure 
the reliability of irrigation water over the short run, such as increased ex­
traction from the source (larger dams or deeper tubewells, for example), 
are also likely to lead to larger fluctuations or even failures in the water 
supply over the long term, due to depletion of aquifers, siltation of reser-



244 Mabry and Cleveland 

voirs and canals, waterlogging and salinization of fields, and a centralized 
administration increasingly inattentive to feedback from local ecological 
and social conditions. 

Despite general support for our hypothesis, the data considered here 
are not entirely consistent, and no predictive statements are yet possible 
that apply to specific situations. Yield stability covaries with other factors 
besides the degree of agricultural industrialization, as for example, in a 
comparison of data from Bihar and Tamil Nadu states in India (Barker, 
Gabler, and Winkelmann 1981:63). Our hypothesis predicts that, because 
yields are twice as high in Tamil Nadu, variability should also be higher­
yet the data show the opposite, probably because of the high frequency 
of severe floods and droughts in Bihar. To accurately compare stability 
and yield, therefore, environmental disturbances must be experimentally 
or statistically controlled. Pandey (1989:241) also points out that the evi­
dence for the effects of irrigation on production variability is inconclu­
sive because the conventional production function treats irrigation as a 
constant and homogeneous input, when in fact the effect of irrigation 
depends on the "quantity applied, the timing of application, stability of 
water supply, water distribution rules, plant characteristics" and relation­
ships that are "dynamic, interactive, and stochastic." There does appear to 
be sufficient evidence, however, to cast doubt upon the conventional wis­
dom that yields are stabilized through industrialization of irrigation, in­
cluding increased irrigation intensity, adoption of modern crop varieties, 
and central control over water and other inputs. 

Equity 

In irrigation systems, the equity of water allocation can be assessed in 
terms of how close the actual distribution fits a culturally defined ideal 
such as temporal priority of use, proportionality to land holdings or 
labor contributions, or variation among users in areas irrigated, field soil 
moistures, crop yields, or farming incomes. In farmer-managed irrigation 
systems, equity is often measured in terms of risk-spreading or wealth­
leveling among system users. But cultural differences mean that equity is 
inherently subjective; in many places, there are rules for regulating use 
of water resources that reflect cultural concepts of equity, yet at the same 
time result in advantageous arrangements for some socioeconomic groups 
or classes. Indeed, established inequalities are often reinforced by the cus-
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tomary rules of resource access, or by local political structures. Differen­
tial access to naturally flooded land in Somalia maintains the stratification 
of power (Besteman, chapter 3). In some areas of Mexico, water is allo­
cated according to the political connections of local bosses, who thereby 
increase their power (Yates 1981). 

Clearly, equity-like beauty-lies in the eye of the beholder; it can­
not be measured objectively by a single personal or cultural criterion. 
Yet, comparative data leads us to hypothesize that, whether equity within 
a group of irrigators is measured in terms of relative evenness in ac­
cess to the means of production (irrigable land, water supplies, delivery 
systems), obligations for contributions to construction and maintenance 
(labor, capital), distribution of benefits (yields, profits, employment), or 
shares of risk (water shortages, pest infestations, and so on), indigenous 
irrigated agriculture tends to be more equitable than industrial irrigated 
agriculture. 

Contributions and Benefits 

In addition to rules specifying use rights, rules regarding the relationship 
between labor or capital contributions and the distribution of benefits 
also determine the relative equity of an irrigation system. For example, 
in a system that assigns equal shares of water to each household but re­
quires all males to contribute labor, larger households have to contrib­
ute a disproportionate amount of labor; this outcome can be avoided by 
allocating water in proportion to labor inputs (Ostrom 1993). Irrigation 
systems with unequal distributions of benefits do not function as well as 
systems in which benefits are distributed in ways considered equitable by 
a majority of users. For example, systems that result in unequal distribu­
tion of benefits have lower rates of compliance to rules. In a comparison 
of forty-three case studies of community irrigation systems, Tang (1992) 

found that systems with higher variance in average annual family incomes 
demonstrated lower degrees of rule conformance and fewer contributions 
to maintenance. 

Headender-Tailender Relationships 

The relative positions of irrigators within the hierarchical management 
structures of all but the smallest irrigation systems influence the equity of 
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their shares in system benefits. In some areas of southern India, farmers 
at the head end of the system not only apply more water to their fields 
than necessary, but also interfere with the main canal system to maximize 
their supplies, thereby reducing the flow to farmers farther down the canal 
(Wade 1986). Where headenders need the capital and labor of tailenders, 
however, relatively more water reaches the tail of the system, while mod­
ernization of headworks often has the effect of decreasing the equity of 
water distribution because the contributions of tailenders are no longer 
needed for maintenance. 

Ostrom (1993) has found that, in negotiations over the rules of water 
use between the members of a local water-user association, the bargain­
ing power of tailenders is greater if their labor is needed to maintain the 
system. On the other hand, because the contributions of irrigators from 
all parts of the system are no longer needed, many successful farmer­
organized water-user associations collapse soon after their systems have 
been "modernized" to decrease labor requirements and maintenance 
costs. In a comparison of 127 irrigation systems in Nepal, it was found that 
uneven distribution of water between head and tail ends was correlated 
with installation of permanent headworks in agency-managed systems, 
which no longer required the labor of tailenders to maintain (Ostrom, 
Benjamin, and Shivakoti 1992). During the wet season, adequate water 
reached the tail ends of only half of the agency-managed systems, com­
pared to 90 percent of the farmer-managed systems. During the dry sea­
son this pattern was even stronger, with adequate water reaching the tail 
in only 8 percent of the modernized systems, compared to 25 percent of 
the traditional systems.10 

In some cases, tail-to-head distribution of irrigation water leads to in­
creased equity. Netherly (1987) has described the relative equity of the pre­
Hispanic practice of tail-to-head distribution in Peru, compared to the 
less equitable system of upstream-user priority imposed during the Span­
ish colonial period. From his comparisons, Chambers (1984b) concludes 
that redistribution of some water from head to tail can potentially achieve 
several important objectives simultaneously, including increased equity. 

If less water is issued at the top, farmers there can grow crops that are 
more suitable for the soil, and if water is redistributed to the tails, then 
total production should rise, and equity will be served. Stability will 
be enhanced through reduced waterlogging. Carrying capacity will be 
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increased through higher labor demand both in the head reaches ... 
and in the tail where irrigated area and intensities increase. Well­
being should gain through these effects, through reduced health haz­
ards from standing water in the head reaches, and through more canal 
water for domestic purposes in the tails. (Chambers 1984b:37) 

Variability in Landholdings and Incomes 

The gap between the largest and smallest landholders is frequently mag­
nified by modernization, or industrialization, of irrigation, and this in­
fluences the distributions of water and incomes. In his comparison of 
the effects of introducing public-managed irrigation in two major irriga­
tion projects in Maharashtra, India, Dhawan (1984) found that all farm 
incomes increased, but that income differences between large and small 
farmers also increased due to the former's better access to water, credit, 
and extension services. In public irrigation schemes in central Tunisia 
where water is often scarce and therefore costly, farmers who cannot af­
ford irrigation either abandon it or greatly restrict its use, making more 
water available to the farmers who can afford it, whose yields and in­
comes thereby increase (Salem-Murdock 1990). A similar pattern has been 
documented in the Cape Verde Islands (Langworthy and Finan, chap­
ter 8). Chambers (1984b:29) refers to comparative data from several parts 
of South and East Asia to suggest that "water distribution between farms 
tends to be more equitable the more equal the landholdings are, quite 
apart from the direct effect of the relative equality of the farm sizes." 

Loci of Resource Control 

The locus of control of an irrigation system also affects the equitability 
of benefit distribution, as well as efficiency and stability. Whether crucial 
management decisions are in the jurisdiction of local farmers or distant 
bureaucrats seems to make a difference. Comparisons indicate that income 
variance among irrigators tends to be less in locally managed systems 
than in agency-managed ones, suggesting that there is an inverse correla­
tion between centralized control and equity. In twenty-six different cases, 
Tang (1992) found that income variance was generally higher in agency­
managed irrigation systems than in locally managed ones, although half 
of the community systems displayed moderate income variance among 
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irrigators. Some of this variability, the data indicate, is related to the asym­
metrical benefits accruing to headenders from construction of permanent 
headworks that increase total water delivery only to the top of canal dis­
tribution systems. 

Equity and Irrigated Agricultural Production 

The patterns in the comparative data reviewed here support our hypothe­
sis about equity in irrigated agriculture. The equitability of water alloca­
tion can be measured alternatively according to different, culturally de­
fined principles of resource access and use. Among the factors that affect 
equitability in most irrigation systems are the rules specifying the relation­
ship between contributions and benefits, the relative structural positions 
of irrigators, variance in landholdings and incomes, and the loci of re­
source control. Indigenous irrigation systems should not, however, be 
overly romanticized or intellectualized as ideally egalitarian. Traditional 
irrigation communities and water-user associations are not representa­
tive of Wittfogel's "hydraulic despotism" - they are usually small, simple, 
and decentralized. They are also not examples of Marx's "primitive com­
munes" - risks are spread evenly through the group, not surpluses or 
profits. In terms of decision making, irrigation communities and water­
user associations may be natural loci of "agrarian democracy" (Netting 
1989), but they are not necessarily the egalitarian "village republics" envi­
sioned by some (Wade 1988). Comparisons show that they tend to be in­
ternally egalitarian but exclusionary, and previous local inequalities may 
be reinforced by the marginalization of the less powerful during the pro­
cess of development. 

The Relative Substitutability of 

Indigenous and Industrial Irrigation 

We conclude that the data we have reviewed support acceptance of a 
number of hypothetical comparisons between indigenous and industrial 
irrigation based on the theory that indigenous modes of irrigated agri­
culture tend to be more sustainable (table 11.2). In general, indigenous 
systems use energy and natural resources more efficiently, have lower but 
more stable yields, and are more equitable in the distribution of opportu­
nities, benefits, and risks. A capital- and energy-intensive system of irri-



Indigenous Irrigation 249 

Table 11.2 Hypothetical comparisons between indigenous and indus­
trial agriculture, based on the theory that indigenous systems are more 
sustainable. 

System level 

Crops 

Number and types of varieties 

Genetic diversity 

Yield under marginal conditions 

Yield under optimal conditions 

Yield stability 

Farms, fields 

Number of crop species, varieties 

Diversity of environments 

Size 

Outside inputs 

Specialization 

Farmer risk 

Region 

Number of fields, crop systems 

Outside inputs 

Synchrony of yields 

Irrigation system 

Cropping intensity 

Water sources 

Control of water distribution 

Water consumption of crops 

Risk of waterlogging, salinization 

Whole system 

Proportion of NPP c used 

Social organization 

Indigenous 

More folk 
varieties (Fvs) • 

Higher 

Higher 

Lower 

Higher 

Higher 

Higher 

Smaller 

Lower 

Lower 

Lower 

Larger 

Lower 

Lower 

Lower 

Local, many 

Local 

Lower 

Lower 

Lower 

Local 
community 

Industrial 

More modern 
varieties (Mvs) b 

Lower 

Lower 

Higher 

Lower 

Lower 

Lower 

Larger 

Higher 

Higher 

Higher 

Smaller 

Higher 

Higher 

Higher 

Central, few 

Central 

Higher 

Higher 

Higher 

Hierarchical 
bureaucracy 
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Table 11.2 (continued) 

System level 

Equity 
Energy efficiency 

Diversity 

Stability 

Source: Adapted from Cleveland 1995 

Indigenous 

Higher 

Higher 

Higher 

Higher 

a. Also called "farmers' varieties," "traditional varieties," "landraces" 
b. Also called "high-yielding varieties" (HYvs) 
c. "Net primary product" of plant photosynthesis 

Industrial 

Lower 

Lower 

Lower 

Lower 

gated agriculture may be able to sustain considerable levels of population 
by raising yields, but the productive resource base may be degrading. The 
apparently high levels of efficiency, stability, and equity of industrial irri­
gation, in reality based on external inputs and central management, may 
over the long term, be low relative to indigenous irrigation systems that 
must rely solely on local resources of labor, land, and leadership. 

To accurately model the sustainability of an agroecosystem, calcula­
tions of efficiency must include the costs of capital, energy, and water sub­
sidies, and also the contributions of forms of capital other than human­
made. In the accounting, subsidizing and future discounting of natural 
capital should be replaced by its adequate valuation, and calculation of 
its depreciation (Norgaard and Howarth 1991; El Serafy 1991). Ecosys­
tem complexity and genetic diversity should be included in this category, 
along with ecosystem regenerative and assimilative capacities. The con­
cept of capital, even if restricted to the neoclassical sense of the economy's 
stock of real goods that are capable of producing further goods and utili­
ties, should also be extended to include human organizational capacities 
such as social capital (Coleman 1988). Examples include those institu­
tions in local irrigation organizations that facilitate sustainable resource 
management, equitable allocation, and stable production by providing 
collective-action mechanisms for rule-making, compliance-monitoring, 
conflict resolution, decision enforcement, and rule formulation and modi­
fication (Ostrom 1993; Mabry, chapter 1). 

Even with these adjustments, however, the neoclassical economic 
model may be of limited applicability to agriculture, including irrigation. 
It has been said that "rivers express a rationality different from economics" 
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(Worster 1984:58). The same can be said of traditional, subsistence­
oriented systems of irrigated agriculture, which often function in contexts 
not dominated by market economic forces, and which measure efficiency 
in terms other than productivity and profit. 

Although the data reviewed here offer some support for our hypothe­
sis, our comparisons between indigenous and industrial systems of irri­
gation agriculture summarize only a few of the complex relationships 
between the many variables involved in agricultural production, and the 
results may often depend on the specific sets of cases considered. There is 
certainly much more to learn, and new data must be collected to test these 
hypotheses based on the theory of the greater sustainability of indige­
nous types of agriculture. At the very least, a transformation in how we 
think about and measure the properties that determine agricultural sus­
tainability is necessary to help redirect irrigation development- a change 
in course demanded by ecological, economic, and demographic realities. 

Because lending for water development projects by international 
donors has declined by more than 60 percent in the last decade (Postel 
1989) as world population has continued to explode, governments in the 
developing world will be forced to shift their efforts to rehabilitating in -
digenous irrigation systems to grow food crops, rather than replacing 
them with expensive, complicated foreign water control technologies to 
boost cash crop production for distant markets (Coward and Levine 1989). 

The result of this shift in technology and management may be a "water 
revolution" that will stabilize food production and deliver benefits to the 
least-advantaged farmers (Chambers 1980; Freeman 1989). It will most 
likely be driven by a synthesis of indigenous knowledge and industrial 
technology, but based on values and goals more similar to those of in­
digenous than industrial systems of agriculture. 

The critical obstacles are, inescapably, the high rate of resource con­
sumption by a relatively small proportion of the global population and 
the high rate of world population growth. Development of sustainable 
agriculture may only be possible with a smaller number of people who 
consume, on average, fewer resources. The final choice among systems of 
intensive food production may be between a monolithic, industrial irri­
gated agriculture that can support a large and growing population for only 
a short time, or a diversity of locally adapted systems of irrigated agri­
culture, based on indigenous knowledge, that can sustain smaller, stable 
populations over the long run. In the words of farmer-poet Wendell Berry, 
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after seeing the vast differences between traditional and industrial types 
of irrigated agriculture in the southwestern United States, "It is better to 
sustain a small population indefinitely than to build up a large artificial 
population on an agricultural system of which the basic principle is a will­
ingness to destroy itself" (Berry 1981:67). 
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Notes 

1. If energy is considered an equally significant factor of production, one of the clear­
est trends in the industrialization of agriculture is the substitution, for labor and land, of 
human-made capital (in the forms of machinery, scientifically bred seeds, and infrastruc­
tures like barns, silos, greenhouses, and irrigation systems) and energy (in the forms of 
electricity and fossil fuels for tractors, pumps, and other machinery, and also agrochemi­
cals derived from fossil fuels). In the nineteenth century, capital inputs were emphasized 
in North America because of the relatively abundant land, large farms, and limited labor 
supply, while energy inputs were more important in Europe where land was scarcer and 
labor more plentiful (Dahlberg 1990). Energy use in agriculture has increased in both re­
gions since World War II, with the fastest rates of substitution of fossil fuel for human 
labor in the United States and the United Kingdom (Stanhill 1984). This same trend has 
occurred in irrigation at a global scale, as increased use of pumps powered by fossil fuels 
has accompanied the spread of industrial irrigation. Between 1950 and 1985, as total energy 
use in agriculture increased about 700 percent, fuel use in irrigation increased 1200 per­
cent (Albertson and Bouwer 1992). 

2. Scaling of energy inputs and outputs to the number of acres harvested reveals that 
output per acre steadily declined relative to energy use per acre between 1910 and 1974 (C. 
Cleveland 1991). This long downward trend in energy efficiency was caused by accelerating 
use of petroleum and petroleum-derived agrochemicals. The recent upward trend is due 
to sharply declining use of agrochemicals after the energy price shocks of 1973-1974 and 
1980-1981, and also the removal of marginal, lower-quality land from production under 
government-subsidized land conservation and price stabilization programs, thereby in­
creasing the average yield per acre. 

3. In reality, these ratios are probably even higher where draft animals are grazed on 
post-harvest stubble and natural pasture; animal labor inputs are based on energy outputs 
that are otherwise partially lost, or that are external to the cropping system. 

4. Studies of irrigated agriculture in industrialized and developing regions have also 
shown that greater numbers of small holdings on the same amount of land provide more 
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livelihoods per unit of water, thus improving rural quality of life (Goldschmidt 1978; 

Chambers 1984a). 
5. A central component of agricultural stability is yield stability, or "the relatively 

constant annual yield of a crop grown by a farmer," and is "one of the most important 
issues facing world agriculture and food production; in some cases, stability is equally as 
important as yield itself" (Federer and Scully 1993:612). We define yield stability as a mea­
sure of variability of yield through time or across space, measured by variance (absolute 
stability) or the coefficient of variation (relative stability) (see Cleveland 1993). 

6. Although the overall trend of increasing instability does appear to be accepted by 
most researchers, there are certainly many exceptions, and conclusions depend on research 
designs (e.g., Singh and Byerlee 1990). 

7. The methodological difficulties of measuring the relationship between irrigation 
intensity and variability in production are pointed out in Dhawan's (1988:72-73) critique 
of Hazell's (1982, 1984) finding of a rise from 3.16 to 14.10 percent in the coefficient of 
variation for food grains in Tamil Nadu state between pre- and post-Green Revolution 
periods-an increase of 346 percent. By adding some food grains not included in Hazell's 
calculations, as well as all other crop output, and replacing two drought years during the 
pre-Green Revolution period that Hazell had removed because "catastrophes of this kind 
are sufficiently rare and severe ... that they can be considered as separated phenomena 
from the more usual year-to-year fluctuations" (Hazell 1982:13), Dhawan calculates coeffi­
cients of variation for the earlier (5.56 percent) and later (8.14 percent) periods that show 
a much smaller increase (1988:72). Contradicting our hypothesis, Dhawan (1988:173) also 
found that, for most states in India, the coefficient of variation is smaller for irrigated 
than for nonirrigated production. But, unlike Hazell, Mehra, and others, he concentrates 
on differences between irrigated and nonirrigated areas for one period of time, and not 
on the changes accompanying the increase in irrigation and agricultural industrialization 
through time. Thus, important differences between irrigated and unirrigated areas directly 
related to irrigation -for example, that irrigation projects are usually sited on the best 
soils - are not controlled for. 

8. Dhawan (1988:154-55) also discusses water source as another important factor in 
determining variability in the effects of irrigation, based on six years of crop production 
data from three districts in Tamil Nadu state in India. The coefficient of variation in yield 
for the district where canal irrigation predominates was 18 percent, while it was 26 percent 
in the state where hand-dug wells are the most important irrigation water source and 36 
percent in the state where tank irrigation is most common. 

9. It has been estimated that in the Third World by 1982-1983, 50.7 million hectares 
were planted in modern varieties of wheat and 72.6 million hectares were planted in mod­
ern varieties of rice, or 51.9 and 53.6 percent, respectively, of the total areas planted in those 
crops (Dalrymple 1986:85-86). Out of the total of 79.1 million hectares planted in maize 
in the Third World in 1985-1986, 51 percent (40 million hectares) were planted to mod­
ern varieties (38 percent in hybrids, and 13 percent in open-pollinated varieties) (Timothy, 

Harvey, and Dowsell 1988:53-55). 
10. In practice, both headender and tailender priority rules are common, as well as 
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modified and combined versions of these rules (Ostrom 1993). In some systems, for ex­
ample, a rotation system starts at the head one year, and at the tail the next. 
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