
Introduction

In the 1950s and 1960s, there was significant
global concern over the capacity of agricultural produc-
tion systems to produce enough food for rapidly grow-
ing populations, especially in developing countries. Epi-
sodes of severe food scarcity were frequent, especially
in the populous countries of southern Asia. The world
community responded to the perceived threat in various
ways. A major strategy was the rapid creation of new ir-
rigation schemes. These efforts reached a peak in the
mid-1970s, when the world’s stock of irrigated land was
increasing by about 2.5 percent per annum2. Many irri-
gation facilities were planned, constructed, and managed

by the government. Invariably, farmers were not con-
sulted in the design or the management of the irrigation
facilities. There is clear evidence to show that the spread
of irrigation has been a major contributor to the success
of the green revolution in Asia and the remarkable in-
creases in agricultural output. By the early 1980s, how-
ever, there was widespread dissatisfaction with the per-
formance of irrigation projects, particularly in the large
government-managed canal systems, casting doubts on
the efficacy of bureaucratic management in the irrigation
sector. The 1980s saw the beginning of a search for a
new type of relationship between the managers of the ir-
rigated agriculture sector and farmers. With regard to ir-
rigation, this trend led to efforts to promote a participa-
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tory approach to management, involving water users’ as-
sociations (WUA) and nongovernmental organizations in
operation and maintenance. WUA have been promoted
and established widely by international agencies, gov-
ernments, NGOs, and farmers. The main reasons for
adopting a policy of participatory irrigation management
(PIM), as a way for farmers to participate in all stages
such as initiation, planning, design, execution, operation,
maintenance, and repairs, are to reduce the unnecessary
financial and managerial burdens of governments and to
stimulate a more productive and self-reliant irrigated ag-
riculture6, 8. In the 1990s, irrigation management transfer
(IMT), a program of transferring the management of ir-
rigation system from government to local user groups
was also promoted24.

Many reports on PIM and IMT have been pub-
lished. Vermillion (1997) evaluated the impact of IMT
in 29 case studies, concluding that the impact of IMT
reforms cannot be drawn clearly because of a lack of
systematic sampling and the limited extent of “before
and after” analysis25. Usually the main subject of re-
search on IMT is the evaluation of its impact on issues
such as finance, operation, maintenance, and agricultural
productivity, with the result that some issues were im-
proved and others were not3, 5, 20. With regard to PIM,
there have been case studies on irrigation management
by WUA15, 17, 19. However, little research on evaluation of
sustainability has been published14, 22. The main reason
is that factors for sustainable management have not been
clear. It is, therefore, necessary to clarify the basic prin-
ciples for sustainable PIM, which can be applied to
IMT, because the final goal of PIM and IMT is sustain-
able irrigation management by farmers’ groups.

This paper summarizes the current problems of
PIM/IMT, proposes the basic principles for sustainable
PIM through reviews of previous studies, and discusses
future areas for realization of sustainable management.

Current problems of PIM/IMT

It is essential for sustainable PIM/IMT that partici-
pating farmers meet their obligations for the operation
and maintenance of the irrigation system. However, it
has often been reported that fee collection rates were
not 100%, and in some cases less than 60%, indicating
unfair cost sharing and financial weakness. The reasons
for the low collection rates were numerous and included
a lack of awareness among farmers to pay fees, a lack
of capacity of farmers to pay, no sanctions against farm-
ers who do not pay for water use, and a lack of capacity
to collect, and transparency of the account conditions in
the WUA, whose roles include planning water alloca-

tion, delivering water, collecting fees, managing the ac-
count, and repairing irrigation facilities6, 8, 10. Other un-
fair factors among participating farmers were reported to
be: (1) farmers in upstream areas dominate use of water
(e.g., Chao Phraya Delta)23; (2) large-scale farmers gov-
ern WUA (e.g., India and South Africa)4, 7; and (3) fe-
male farmers can not participate in WUA (e.g.,
Kenya)27.

It is also important that the activities of WUA,
such as decisions on water allocation, water supply, and
maintenance of facilities, are clear, and farmers under-
stand them and fulfill their obligations. In some cases,
however, farmers did not understand the activities of
WUA resulting in no significant changes in agricultural
performance or in economic return after IMT (e.g., In-
donesia and Central Asia)26,28.

Moreover, a lack of technical capacity in WUA for
the maintenance of irrigation facilities, such as pumps,
is a problem for sustainable management. In Laos,
pump irrigation schemes were developed along river
systems where irrigation water can be directly lifted
from the rivers. However, due to difficulties in repairing
fixed pumps in Laos, broken pumps were abandoned,
resulting in a decrease in irrigation area18.

In summary, the causes of problems in PIM/IMT
are: (1) a lack of awareness among farmers of the ne-
cessity of WUA; and (2) weakness of WUA (poor man-
agement, weak finance and lack of technical capacity,
etc.).

Basic principles for sustainable participatory
irrigation management

It is necessary to clarify the basic principles for
sustainable PIM. Ostrom (1992) proposed eight design
principles for long-enduring, self-organized irrigation
systems13. Yoder (1994) indicated 11 characteristics of
successful locally managed systems referring to Os-
trom’s principles: (1) interrelationship between construc-
tion and management (clarification of the water manage-
ment roles of the organization); (2) ownership and
membership; (3) security of the irrigation supply; (4)
strong organization (authority vested in the system
members makes it possible to modify its rules and adapt
its procedures to changing conditions, such as water
shortages); (5) representation (all irrigators have a voice
in making decisions); (6) monitoring; (7) resources mo-
bilization (to contribute labor and other essential re-
sources to keep systems maintained and operating); (8)
communication; (9) accountability; (10) accounts and
records; and (11) conflicts and sanctions29. The factors
for successful PIM indicated by Yoder are summarized
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as: (1) clear roles of WUA; (2) members’ awareness of
PIM; and (3) suitable practice of irrigation and associa-
tion management. Abernethy et al. (2000) analyzed four
irrigation systems in the Niger River valley according to
these principles and concluded that these irrigation sys-
tems did not appear to be sustainable1.

Meizen-Dick (1997) indicated that participation
would be enabled by a legal framework, ownership, and
financial viability by review of irrigation programs in
the Philippines, Sri Lanka, Pakistan, Senegal, the United
States, and Mexico11. Onimaru et al. (2003) proposed a
new policy for establishing a water users’ organization
in the Chao Phraya Delta in Thailand, which took into
consideration the clarification of roles of the organiza-
tions and the improvement of farmers’ motivation12.
Ounvichit et al. (2006) introduced the intake-based irri-
gation cost sharing of the centuries-old, self-organizing
Muang Fai irrigation system in northern Thailand14.
Sato et al. (2007) discussed the principles and methods
for PIM, including the goals of irrigation management
and obtaining farmers’ cooperation in implementing
water management systems. In addition, the principles
for role sharing by government and farmers were dis-
cussed. They stressed that equal water allocation can re-
alize maximum yield, which is the major target of gov-
ernments in water management, under some simplified
conditions: i.e., there is no water conveying loss and the
amount of irrigated water dominates the yield21. Pant
(2007) analyzed conditions for successful irrigation
management in India and proposed a format for assess-
ing WUA performance based on these conditions (Table
1)16. Teamsuwan and Sato (2009) analyzed the history
and status of three water users’ organizations (WUO) in
the Chao Phraya Delta, concluding that a pump irriga-
tion project was regarded as a successful case in terms
of long-term management. It entailed upfront electricity
costs, which gave farmers added impetus to organize a
management system and budget. In contrast, the farmers
in the gravity irrigation projects lacked the impetus to
realize a necessary common management budget. They
proposed a way to create willingness in farmers to pay
the fees and to participate in WUOs22.

Using these results, a relationship between govern-
ment and WUA and basic principles for sustainable
management were proposed (Fig.1). Because it is inevi-
table that problems that WUA cannot solve occur, gov-
ernments need to support these areas21.

As mentioned previously, the causes of PIM/IMT
problems are a lack of awareness among farmers to
WUA and its weaknesses. It is essential for sustainable
PIM that the roles of WUA are clear and sufficient.
Usually, some farmers do not pay for water use, which

means that they can get water without participation.
This results in a decrease in WUA membership and a
shortage in the water management budget. It is neces-
sary to realize that the only farmers who participate in
WUA can get the guaranteed amount of water in a
timely manner. If they do not participate, they cannot
get any water. The benefits from irrigation are also im-
portant. Farmers receive benefits from using water and
pay service fees resulting in the stable financial condi-
tions of the WUA. Sato et.al (2007) stressed that equity
in water allocation, cost sharing, and decision-making
among members is essential for sustainable PIM. They
also mentioned that WUA requires financial transpar-
ency21.

The definition of PIM by the World Bank is the in-
volvement of irrigation users in all aspects and at all
levels of irrigation management6. However, the require-
ments for sustainable PIM are not mentioned. It is im-
portant to propose the basic principles for sustainable
management. If an irrigation project meets all the prin-
ciples, it will be sustainable. Reported unsuccessful
cases did not meet some of the principles, indicating
that there is room for improvement. The proposed prin-
ciples for sustainable PIM are common in any irrigation
project: e.g., surface water irrigation and groundwater
irrigation.

Future approaches to realize the principles

1. Scale of irrigation
It is necessary to collect more information on suc-

cessful cases of sustainable PIM. One approach involves
considering the scale of irrigation. The realization of ba-
sic principles in small-scale irrigation would be easier
than in large-scale irrigation, where more information
would have to be collected on successful cases. How-
ever, the definition of the scale of an irrigation project is
not clear, with the result that scale is not often consid-
ered in analyses of PIM/IMT. Ouvichit et al. (2008) de-
fined that small-scale irrigation is where irrigation users
know each other and their leaders personally know
every water user. In such a system, all users are thor-
oughly familiar with the field conditions and other in-
formation such as account conditions, and these cases
tend to be successful. On the other hand, in large-scale
irrigation systems where it is not possible for all users
in the system to know each other, it is difficult not only
to reach agreements among members on water alloca-
tion and cost sharing but also to operate and maintain
irrigation facilities technically15. Most reported cases of
large-scale irrigation systems have experienced problems
such as unequal water allocation and cost shar-
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ing6, 10, 23, 28. With regard to small-scale irrigation, Ounvi-
chit et al. (2006) reported the cost sharing and sustain-
ability of the Pongsak Muang Fai irrigation system.
Muang Fai is a surface water irrigation system in north-
ern Thailand, including weirs and ditches. Farming areas
in a Pongsak Muang Fai irrigation system are about 15
ha, comprising 24 ownerships plots; this indicates a
small-scale irrigation system. The members share the
cost based on farm intakes, and transparency in cost dis-
tribution supports the sustainability of the system14.

For the realization of sustainable PIM, it is essen-
tial to collect more case studies in the small-scale irriga-

tion systems mentioned by Ounvichit et al. In addition,
it is necessary to analyze the management of large-scale
irrigation projects and compare them with small-scale
irrigation projects, to summarize problems in each pro-
ject, and to propose solutions. Sustainable PIM in large-
scale irrigation is difficult because problems vary de-
pending on the regions. Continuous research on case
studies is required.

2. Cases of water shortage
The basic principles presuppose that there was suf-

ficient water to distribute the guaranteed amount of

Table 1. Format for assessing WUA performance

From reference 16 (Some parts are revised.)

Level of performance

Excellent Average Very poor

(5) (4) (3) (2) (1)

Activities

A. Level of participation

Leadership

Membership awareness about WUA status

Productive meeting

Voluntary physical/labor contribution

Voluntary financial contribution

Social audit/Transparency

B. Operation and maintenance

Removal of silt and weeds

Repairs/maintenance of structure

Protection of structure

Dispute management

C. Water management

Adequate and timely water supply

Information about water distribution

Efforts to save water

D. Financial management

Fund generation

Utilization of maintenance and operation fund

Recovery of irrigation fee (when applicable)

Financial audit

E. Organizational linkage

Horizontal links with other WUAs

Vertical linkage

Information and communication

Discussion with competent authority
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water. However, water shortages are inevitable because
of erratic rainfall. They hinder the guaranteed water
service to farmers resulting in conflicts among farmers.
It is necessary to prepare against water shortages. Be-
cause case studies on measures against water shortage in
developing countries have not been published, we will
use a Japanese case. The Toyokawa Irrigation Project is
managed by five organizations, including the govern-
ment and farmers’ organizations. The Japan Water
Agency (JWA), which is a government organization has
established a Water Saving Committee (WSC), which
consists of 14 members from the five organizations.
Water allocation in the case of water shortages is ad-
justed by the WSC so that all members of the organiza-
tions receive an equal amount of water9. The Japanese
system was established after a long period when con-
flicts among farmers repeatedly occurred. Features of
the system are: (1) participation of farmers in the
decision-making process at all levels; (2) farmer organi-
zations that give every farmer the opportunity to express
his opinion; and (3) a clear role sharing system.

Conclusion

This paper summarized the current problems of

PIM/IMT, proposed some basic principles for sustain-
able irrigation management, and discussed future ap-
proaches. The causes of problems are: (1) a lack of
awareness among farmers to the necessity of WUA; and
(2) the weakness of WUA. Our proposed principles for
sustainable irrigation management are as follows:
(1) The roles of WUA and government are clear and

adequate.
(2) Farmers understand the necessity of irrigation. After

participating in WUA, they can get the guaranteed
amount of water in a timely manner.

(3) Farmers receive tangible benefits from using water,
which then allows for the ability to pay service fees
for water.

(4) All members are equal in water allocation, cost shar-
ing and in the decision-making process. The man-
agement of WUA is based on the agreements of
their members.

(5) Information such as account status of WUA is dis-
closed to all members.

These are simple proposals, but can be applied to all ir-
rigation systems. The next steps are to propose a
method of evaluation of the basic principles and to ap-
ply it to various fields.

Fig.1. Relationship between government and WUA, and basic principles for sustainable management
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