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After the United Nations first recognized in 1971 a category of States mentioned as
“Least Developed Countries” (LDCs) that were highly disadvantaged in their
development process for various reasons and facing more risk of failing to come out
of poverty than other countries, three United Nations Conferences on the LDCs have
been held in 1981, 1990, and 2001 under the leadership of UNCTAD. It was in the
third conference held in Brussels from 14-20 May 2001 that a “Programme of Action
for the Least Developed Countries for the Decade 2001-2010” was agreed upon. In
2003, three criteria were decided for a country to be categorized as an LDC- low
income (three-year average estimate of the gross national income per capita of less
than US$750), weak human assets and economic vulnerability.
The list of LDCs is periodically reviewed by the UN and through them a range of
special support measures is suggested to bring these countries up to graduate to
higher and better levels. UNCTAD’s reports of the years 2006 and 2007 have
identified constraints, reasons and gaps in respect of the LDCs for their present state
and have suggested significant measures in an attempt to pull them out of their
poverty trap.
While UNCTAD´s Least Developed Countries Report 2006 calls for a ‘paradigm shift
from a consumption- and exchange-oriented approach to poverty reduction towards
a production- and employment-oriented approach’, the report for 2007 feels that ‘in
poor countries the development of science, technology and innovation has been
largely missing from the foreign assistance they receive from high-income countries’.
Three basic constraints on the development of productive capacities in the LDCs
have been noted in the report – poor physical infrastructure; weaknesses of the
domestic private sector, support financial systems and knowledge systems; and
insufficient demand and thus underutilization of domestic resources and capabilities
as well as weak incentives to invest and innovate. The productive capacities have
been defined as “the productive resources, entrepreneurial capabilities and production
linkages which together determine the capacity of a country to produce goods and services
and enable it to grow and develop”. The policy makers and the donors have been
advised to focus on these capacities in their efforts. The report 2007 agrees with this
and recommends focus on knowledge accumulation, technological learning and the
ability to innovate as vital processes toward genuine productive capacity development
in these countries. However, of concern is the following observation in the report“For the LDCs as a group, the decade 2000-2010 is going to be the first decade in which
the growth of the economically active population outside agriculture is predicted to be
greater than the growth of the economically active population within agriculture. This
transition will affect more than half the LDCs during the decade and most of the others
in the decade 2010-2020. Substantial poverty reduction in the LDCs will thus require
not simply increased agricultural productivity, but also the development of competitive
businesses in manufacturing and services, as well as increased dynamic inter-sectoral
linkages.”
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The report also lays emphasis on science, technology and innovation policies that
need to be woven into the development and poverty reduction strategies of LDCs
by the concerned national governments, review of stringent intellectual property
regimes and their effect on LDCs, prevention of migration of skilled human
resources and capacity building and knowledge support.
In due recognition of the special needs of these countries, ICID also decided in 2003
to set up two separate Task Forces for the LDCs in Asia and Africa to study their
constraints and requirements so as to lend whatever support it can to improve their
lot. The ICID membership network (2008) comprises 106 countries of which 73 are
developing countries. In the network, 19 countries are presently (2008) catagorised
by UN as Least Developed Countries, out of which only 7 countries are currently
active LDC members in ICID. Efforts are being made to reactivate the inactive LDC
members. The present report of the Task Force for the Asian LDCs (TF-LDCsAS)
is an attempt to have an insight into the problems faced by the LDC members of
ICID, including some non-members and suggest what next steps are desirable for
their betterment.
My hearty felicitations are due to Dr. S. Taniyama (Japan), Chairman of the TFLDCsAS and the members of the TF, viz., Prof. Soon-Kuk-Kwoon (Korea), Dr. Hector
Malano (Australia), Dr. Saeed Nairizi (Iran), and Dr. Cai Lingen (China) for their
excellent work in producing this report. A consistent active support in the
proceedings of the TF has been provided by the Secretary of the TF, Mr. S. Seyama
(Japan) who deserves all our appreciation. Our thanks are also due to Dr. Tony
Horton (Australia) and Ms. Ellen Pyatt (USA) who provided desired editorial
assistance to the draft report. The ICID National Committees of Australia, Iran, and
Japan, and the Chinese Taipei Committee of ICID have provided the vital support
of US$1000 each to enable printing of this publication. Our grateful thanks to each
one of them. Last but not the least, I heartily thank Mr. K.N. Sharma, Secretary ICID,
who coordinated the inputs, painstakingly went through the entire manuscript for
corrections, filled in the missing data wherever possible, and facilitated the
publication of this report.

M. Gopalakrishnan
Secretary General
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Summary Report of Task Force for
Least Developed Countries in Asia
INTRODUCTION
This report synthesizes the outputs of the Task Force for Least Developed Countries
in Asia (TF-LDCsAS), summarizing the results of a series of discussions held by Task
Force members, two special sessions and two questionnaire surveys (and incorporating
comments made by the Chairman of the Task Force for Least Developed Countries
in Africa). As reflected in the Brussels Declaration1, Governments and international
organizations are called to heed the need to give concrete and substantial support
in a spirit of shared responsibility through partnerships, including with civil society
and the private sector, to the efforts being made by Least Developed Countries
(LDCs) to address poverty and their development. Since the majority of the poor
live in rural areas, a key to making progress toward the goal of poverty eradication
and development in LDCs is to increase the productivity of agriculture, primarily
with the help of irrigation, drainage and flood control. In view of such global needs
and its own mission, in 2003 the International Commission on Irrigation and
Drainage (ICID) established two task forces, one for Asia and another for Africa,
to investigate the problems and needs of LDCs and to identify the priority issues
that need to be addressed for their development.
The fundamental causes of the problems in LDCs are broad and complex, deeply
rooted in socio-political circumstances and governance issues as well as technological
matters. This report gives a picture, as identified by the Task Force, of the current
status of only irrigation and drainage in LDCs. It does not seek to address all the
issues faced by LDCs today. However, the Task Force submits that ICID can
contribute significantly to the achievement of the goals of poverty eradication and
development of LDCs. ICID, as an international non-government organization, took
the first step when it established its task forces for LDCs and resolved to give
concrete support to the efforts being made by LDCs. Now it is time to take another
step forward.

PROCESS
At ICID’s International Executive Committee in Montreal, it was proposed that ICID
should be pro-active by creating a “Knowledge Base” (see Annex 1) through which
the problems faced by LDCs could be understood, and providing a means by which
ICID could identify areas where it might assist these countries. To further identify
possible areas of assistance, the creation of two task forces was proposed, to be
1

The Third United Nations Conference on the Least Developed Countries, May 2001,
http://www.un.org/special-rep/ohrlls/ldc/Contributions/Report%20of%20the%20LDC%20III_E.pdf
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chaired by the Chairpersons of the Regional Working Groups for Africa and Asia
respectively.
Based on ICID Notification No.5 of 2003, the task force to address least developed
countries in Asia was set up on 31 March 2003. Its membership included Dr. S.
Taniyama (Chairman, Japan), Prof. Soon-Kuk-Kwun (Korea), Dr. Hector M. Malano
(Australia), Dr. Saeed Nairizi (Iran) and Mr. Cai Lingen (China).
The task force, TF-LDCsAS, held its first meeting in September 2004 in Moscow, the
second meeting in September 2005 in Beijing, the third in September 2006 in Kuala
Lumpur, on the occasions of IEC meetings in those cities. In addition, it held two
further meetings, in March 2004 at the 2nd Asian Regional Conference in Australia
and in May 2007 at the 4th Asian Regional Conference in Tehran. Further, in order
to clarify the problems faced by LDCs, the task force convened two special sessions
in Kuala Lumpur in September 2006 and in Tehran in May 2007. The main theme
selected for the 1st Special Session was on “Planning, Implementation and
Management of Small or Tertiary Distribution Schemes in LDCs and other countries
in Asia”. The 2nd Special Session focused on “Affordable Technology for the
Development and Management of Irrigation, Drainage and Flood Control Schemes
in LDCs and other countries in Asia”. At all of these events, leading professionals
presented valuable papers addressing various aspects relevant to LDCs in Asia.
On 18 June 2003, the Task Force Chairman distributed a preliminary brief
questionnaire to six LDCs and one non-LDC in Asia. Responses to the questionnaire
were received from five countries, namely Bangladesh, Cambodia, Lao, Myanmar
and Vietnam (the non-LDC). In mid-November 2004, after incorporating comments
received from members of the TF-LDCsAS and several national committees, the
Chairman again distributed the questionnaire to eight LDCs in Asia, these being
Afghanistan, Bangladesh, Bhutan, Cambodia, Lao PDR, Myanmar, Nepal and
Yemen. Responses were received from Afghanistan, Bangladesh, Cambodia, and Lao
PDR. All the respondents cited issues of infrastructure and capacity building. One
common feature of irrigation infrastructure in LDCs in Asia which was evident was
the dominance of small or minor irrigation schemes. Based on the views received,
the Chairman prepared the report “Challenges for LDCs in Asia”, and circulated
it together with his observations to the members of the Task Force in August 2005.
The Chairman would like to express his gratitude to all task force members, other
contributors and participants in the special sessions and task force meetings, and
especially to Mr. Seyama, the secretary of the Task Force, for their efforts and
contributions.

CONCLUSIONS
1. Importance of irrigation and drainage
LDCs are still grappling with growing populations, and the number of poor in LDCs
has not decreased because of stagnation of their economies and inappropriate
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policies. In these countries, shortage of government funds leads to inadequately
developed infrastructure and educational and medical systems. This in turn prevents
people from raising their living standards and enjoying the quality of life associated
with modern amenities and a healthy environment. To improve such situations, it
is important to increase and stabilize agricultural production by improving and
extending irrigation and drainage systems, because many people in LDCs depend
on the agricultural sector for their day-to-day survival.
2. Present conditions in LDCs
LDCs are facing many problems - capital shortage, poor governance, limited capacity
to service financial borrowings, inadequate legal systems, and undeveloped farmer
organizations in rural areas. In combination, these problems act to fundamentally
hinder the improvement and expansion of irrigation and drainage systems. LDCs
need to overcome these disadvantages that are prevalent in these countries in order
to develop their prime source of income, i.e. the agricultural sector, and thereby
improve economic stability and alleviate poverty in these countries.
3. Priorities for LDCs
In order to solve the problems described in Conclusion 2 above, the Task Force
recommends promoting irrigation/drainage projects by focusing on the following
points:
(1) Adoption of participatory management of irrigation/drainage infrastructure
and formation of farmer/water user organizations;
(2) Development of small, affordable and sustainable infrastructure suited to
the intended beneficiaries and paying due attention to market access and
resilience to natural disasters;
(3) Enhancement of legal systems and financial support by governments and
international organizations in irrigation/drainage administration;
(4) Transfer and dissemination of irrigation/drainage technological and
management skills from experts in governments and international
organizations to the farmers’ irrigation management organizations; and
(5) Conservation and allocation of adequate water resources for development.
3.1 Adoption of participatory management
Main irrigation infrastructure, such as dams and large channels, typically has been
managed by public institutions. However, farm-level facilities in irrigation systems
are often inappropriately managed or insufficiently coordinated with the main
system facilities, resulting in inadequate water distribution and utilization among
farm fields, low irrigation efficiency and high unit cost of water. To improve this
situation, farmers must take the initiative in managing farm-level facilities and raise
their own awareness of water distribution, utilization and management. The
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formation of farmer organizations would give rise to the information-sharing and
organizational resources necessary to enable farmers to more successfully manage
their farm-level facilities.
Women play an important role in the livelihood and survival of their families and
community, particularly in critical circumstances. Achieving gender equality and
empowerment of women in LDCs is an important objective. Proper attention
therefore needs to be given to equal rights, responsibilities, opportunities and
possibilities for women.
3.2 Development of suitable infrastructure
In LDCs, due to the shortage of funds, small systems which can easily achieve results
in a short project period are preferable to large ones which require a large amount
of capital and a long project development period before they are of benefit.
Development of small, affordable and sustainable systems and facilities is preferable
for the intended beneficiaries, particularly if due attention is paid to market access
and resilience to natural disasters. Small schemes tapping groundwater are a good
example; but care has to be taken not to over-exploit the available groundwater
resources to such an extent as to undermine the sustainability of the resources and
the schemes which depend on them. Where water supply efficiency demands large
infrastructure, many large scale reservoirs and main channels have been constructed.
However, these large facilities cannot provide the best performance without the
development and adequate management of small farm-level facilities. Therefore
farm-level facilities should be developed and managed with the full participation
of farmers in close coordination with management of the main facilities.
Lack of education and awareness is often a factor in environmental degradation. At
the same time environmental phenomena such as global climate change are expected
to generate and exacerbate drought, desertification, and sea level rise. Therefore, it
is necessary that proper attention is paid to sustainability of the environment when
undertaking development of natural resources within LDCs.
3.3 Enhancement of legal systems and governmental financial support
Establishment of proper legal systems is critical to construction of small facilities
and participatory management by farmers. Legal systems should be set up to enable
farmers to form organizations that have statutory powers, so that projects can be
initiated, constructed and managed through democratic processes by farmer
organizations. Moreover, governments should provide financial support to these
organizations by sharing the project investment costs with the farmers.
3.4 Transfer of irrigation technology and technical training
Government officials, experts and scientists are expected to pass on their
management technology to farmer organizations and their members. They have to
recognize and ensure that the extension and dissemination to farmers of their
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knowledge and experience in the development and management of farm-level
facilities leads to improved accuracy of water distribution, increased production and
decreased water costs, with a consequent reduction in poverty. ICID should facilitate
the transfer and extension of irrigation technologies to farmers in LDCs, specifically
in regard to building, operating and managing affordable and sustainable small
facilities at the farm level.
Capacity Building of women in agriculture is an essential component of this support.
3.5 Conservation and allocation of water resources for development
Most LDCs are faced with seasonal fluctuations in water availability, i.e., overabundance (flooding) and extreme scarcity (drought). Development of water
resources in upstream regions in the absence of basin-wide planning sometimes
leads to severe scarcity of irrigation water in downstream regions during dry seasons
and vice-versa in monsoon periods. This results in an imbalance in the distribution
of development impacts. Lack of coordination in this regard further aggravates the
hazards and consequent economic losses to the least advantaged.
4. Role of ICID
Of the world’s fifty LDCs which need irrigation technology, only fourteen (six of
which are deemed inactive members) are affiliated with ICID (see Annex 1). The
reason the other countries have not joined ICID is that, in addition to their financial
difficulties, they have not realized the importance of participation. ICID must
address such situations and assist others to recognize that efforts to increase
agricultural production in LDCs through strengthening irrigation systems are
critical to coping with global poverty and starvation in the future. ICID should
explore measures for getting non-affiliated LDCs involved in the activities and
events of ICID.
5. ICID measures to aid LDCs
In summary, ICID should encourage LDCs to take part in ICID activities and events.
ICID should take the initiative in raising awareness through its work bodies and
other forums of the issues facing LDCs. This will further broaden the Knowledge
Base pertaining to the problems and needs of the irrigation and drainage sectors of
LDCs. ICID should establish a new Work Body/Task Force to deal with the issues
facing LCDs in Asia and find solutions to overcome their economic instability.
International organizations such as IPTRID, FAO, IFAD, AfDB, AsDB and World
Bank should be invited to be permanent observers to the newly created Work Body/
Task Force. While inducting experts from developing (emerging) and developed
countries as members in the proposed Work Body, consideration should be given
to also including members from LDCs and other Asian and African countries.
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The Task Force for LCDs in Asia recommends implementation of the following
measures:
(1) ICID should help establish national committees in LDCs in co-operation
with the Asian and African Regional Working Groups and associated
regional Conferences, even if these national committees do not join ICID
as members. It is recommended that newly established national committees
receive newsletters, news updates and other information from ICID even
if they are not affiliated with ICID. Contact addresses and details of
relevant officials in these countries should be obtained and provided to
ICID Central Office to enable it to forward information for further
dissemination within the LDCs by the national committees.
(2) In order to facilitate the participation of more LDCs, ICID should consult
with PCSPOA, PFC and C-CONGR on matters such as:
(a) Constituting Associate Membership for LDCs, with subscription fees
set considerably lower than for member countries;
(b) Exempting LDCs partly from registration fees for ICID conferences;
(c) Constituting ICID’s share of regional conference income, through
which assistance with LDC subscription fees can be provided; and
(d) Selecting attractive themes for regional conferences which are of
interest to LDCs.
(3) For the purpose of broadening the Knowledge Base about the problems
and needs of the irrigation and drainage sector in LDCs, ICID should
consider setting up a work body. The newly created work body should
be comprised of selected members from Asia and Africa, and willing
members from developed countries and developing (emerging) countries.
International organizations such as IPTRID, FAO or World Bank should
be invited to participate in the work body as permanent observers.
Participants from LDCs should be welcomed even if their National
Committees are not affiliated.
(4) The proposed work body should cooperate closely with the Asian and
African Regional Working Groups, report outcomes to these regional
working groups, and present the outcomes to PCSPOA meetings. If
appropriate, PCSPOA should then inform IEC of the outcomes of the
meetings.
(5) ICID should amend the ICID Constitution and By-Laws where necessary
to implement the above activities.
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(6) Through its work bodies like AC-IPTRID and WG-R&D, ICID should
strongly recommend to international programs like IPTRID/FAO, methods
for identifying irrigation and drainage related needs in LDCs and for
facilitating projects in these countries with the involvement of local
experts, professionals, and national committees.
(7) ICID member countries which are financially better placed, or who have
provisions for bilateral or multilateral cooperative arrangements, or are
facilitating financial assistance should be encouraged to support the cause
of LDCs.
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Annex 1

UN DEFINITION OF LEAST DEVELOPED COUNTRIES
Least Developed Countries (or Fourth World countries) are countries which
according to the United Nations exhibit the lowest indicators of socio-economic
development, with the lowest Human Development Index ratings of all countries
in the world. A country is classified as a Least Developed Country (LDC) if it meets
three criteria:
(1) Low-income (three-year average GNI per capita of less than US $750,
which must exceed $900 to be removed from the list);
(2) Human resource weakness (based on indicators of nutrition, health,
education and adult literacy); and
(3) Economic vulnerability (based on instability of agricultural production,
instability of exports of goods and services, economic importance of nontraditional activities, merchandise export concentration, the handicap of
small economic capacity, and the percentage of population displaced by
natural disasters).
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The following countries currently meet the above three criteria and are recognized
as LDCs:
Number

Continent

Country

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Asia

Afghanistan
Bangladesh
Bhutan
Cambodia
Kiribati
East Timor
Lao
Maldives
Myanmar
Nepal
Samoa
Solomon Islands
Tuvalu
Vanuatu
Yemen

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Africa

Angola
Benin
Burkina Faso
Burundi
Cape Verde
Central Africa
Chad
Comoros
Congo
Djibouti
Guinea
Eritrea
Ethiopia
Gambia
Guinea

Classification

Membership of ICID

#

#
S
#
S
#
S
S
S
S




×
#
#
#
#
#
S

#



Report of Task Force for Least Developed Countries in Asia

10

Number

Continent

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50

Country

Classification

Guinea-Bissau
S
Lesotho
#
Liberia
Madagascar
Malawi
#
Mali
#
Mauritania
Mozambique
Niger
#
Rwanda
#
Sao Tome and PrincipeS
Senegal
Sierra Leone
Somalia
Sudan
Togo
Uganda
#
Tanzania
Zambia
#

South
America

Haiti

Membership of ICID

×
×



×

×
×



S

#: LDCs, S: Small island developing states, : Active, x: Deemed inactive members
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Proceedings of

Challenges for Task Force for Least
Developed Countries in Asia (TF-LDCsAS)
11 September 2005, Beijing, China
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1. Background and Past Development
(1) At the IEC in Montreal, it was proposed that ICID could be pro-active and create
a “Knowledge Base”, to assist it to understand the problems faced by Least
developed Countries (LDCs), and to identify areas where ICID might assist
these countries. To further assist in identifying possible areas of assistance, two
Task Forces were proposed, to be chaired by the Chairpersons of the Regional
Working Groups for Africa and Asia respectively.
(2) Based on ICID Notification No.5 of 2003, a Task Force for identifying Priority
Issues for Least Developed Countries in Asia (TF-LDCsAS) was set up on 31
March 2003, comprising the following members.
1.
2.
3.
4.
5.

Dr. S. Taniyama (Japan)
Prof. Soon-Kuk-Kwun (Korea)
Dr. Hector M. Malano (Australia)
Dr. Saeed Nairizi (Iran)
Mr. Cai Lingen (China)

-

Chairman
Member
Member
Member
Member

(3) On 18 June 2003, a preliminary brief questionnaire was distributed to six LDCs
and one non-LDC in Asia, being Bangladesh, Cambodia, Lao PDR, Myanmar,
Nepal and Vietnam (non-LDC). Of these, Bangladesh, Myanmar, Nepal and
Vietnam are ICID members. Responses to the questionnaire were received from
five countries, namely Bangladesh, Cambodia, Lao, Myanmar, and Vietnam.
An initial brief analysis of the responses indicated:
1.

All the respondents were interested in attending ICID Regional Conferences,
whilst at least some didn’t show any interest in attending the annual world
wide ICID International Executive Meetings and associated conferences/
congresses;

2.

All the respondents selected “Provision of technical information” as the
expected contribution of ICID to their countries;

3.

“Planning for infrastructure” and “Training for specialists” were the areas
of technical cooperation selected by the greatest number of countries;

4.

Regarding “Planning for infrastructure”, all respondents indicated
maintenance and management as the important components, and the
majority also cited other components such as farmers’ participation and
pumping station, dam or water resource development.

(4) At the IEC meeting in Montpelier in September 2003, the Chairman contacted
each member individually and discussed the approach and other items of
interest. But no definite consensus was formed.
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(5) In March 2004, on the occasion of the 2nd Asian Regional Conference in
Australia, the Chairman again updated the members of the work undertaken
to date; and proposed processes for TF-LDCsAS to follow, including a
questionnaire survey. Recommendations for additional or replacement members
of TF-LDCsAS were also sought at the meeting, and ICID Central Office
subsequently sent a notice to relevant national committees in this regard.
(6) The Chairman visited Bangladesh, the LDC with the largest population, in July
2004. Based on a preliminary draft questionnaire, he sought the opinions of
prominent Bangladeshi leaders on the challenges they were faced with in the
irrigation, drainage and flood control sectors.
(7) TF-LDCsAS met for the first time at the IEC meeting in Moscow in September
2004. Attending were the Chairman Dr. Taniyama and members Dr. Saeed
Nairizi (Iran), Mr. Cai Lingen (China), and Dr. Soon-Kuk-Kwan represented by
Dr. Byeong Ho Cheong (South Korea). In addition, Mr. R. Jeyaseelan (India),
Mr. Mohd Azhari Bin Ghazalli (Malaysia), Mr. Ian W. Makin (IWMI), and Mr.
M. Gopalakrishnan (Secretary General, Central Office) were present and
actively contributed to the discussion. The members and like-minded participants
noted progress since the 2nd Asian Regional Conference in March 2004, and
discussed the draft questionnaire titled “Development with Partnership –
Avenues for Cooperation,” together with the proposed survey schedule. The
meeting endorsed that the survey findings would be reported at the next Task
Force meeting in Beijing in September 2005.
(8) In mid November 2004, upon finalizing the contents of the questionnaire by
incorporating comments contributed by several national committees, the
Chairman distributed the questionnaire to eight LDCs in Asia - Afghanistan,
Bangladesh, Bhutan, Cambodia, Lao PDR, Myanmar, Nepal and Yemen. The
questionnaire was distributed through several channels; and IWMI, INCID,
IRNCID as well as ICID Central Office were instrumental in distributing the
questionnaire through their networks. Efforts were also made to send the
questionnaire to all of the five LCD countries of Central Asia and North Korea
through IWMI and CNCID.
(9) Responses to the questionnaire were received from four countries - Afghanistan,
Bangladesh, Cambodia, and Lao PDR. The Chairman prepared a report and had
it circulated to each of the members of Task Force by e-mail in August 2005,
summarizing the contents of the responses to the questionnaire and presenting
some observations.
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2. Questionnaire Outcomes
Six responses to the questionnaire have been received to date from four countries
- two from the same person in Afghanistan, one from Bangladesh, one from
Cambodia, and one from each of two respondents in Lao PDR1. They show diverse
interests reflecting the differences in natural and socio-economic environments. But
there are some issues that appear to be common to the four LDCs and perhaps to
all of the other LDCs. (Annex 1 tables responses to the questionnaire).
1. Diversity of Country Profiles
Water resources availability and uses
(10) As can be seen in Table 3 in Annex 2, “Water Resources and Uses”, the per capita
volumes of renewable freshwater resources vary significantly from country to
country; and so do the annual freshwater withdrawals expressed as a
percentage of total renewable freshwater resources. Freshwater availability in
Afghanistan and Yemen is comparatively scarce, and they use far greater
percentages of renewable freshwater resources when compared with those of
other LDCs in Asia. Two features, however, are common to all four:
(1) with respect to the use of water, agriculture accounts for more than 90%
of total freshwater withdrawals; and
(2) all have rivers flowing into or out of neighboring countries. It is also well
known that in all Asian countries, seasonal and year-to-year variations in
water availability are also significant.
Irrigation - % of cultivable area
(11) The extent of irrigation development, expressed as a percentage of cultivable
area, differs. Bangladesh reports 59%, Afghanistan 42%, while Lao PDR (the
richest in terms of per capita volume of freshwater) reports 25 %. The figure
for Cambodia is estimated to be around 20% or less (refer to Table 2, Annex
2). The primary function of irrigation may be supplemental to unreliable rain
water or to supply almost 100% of crop water requirement or both depending
on rainfall and agronomic conditions.

1

Respondents:
Afghanistan: Dr. Pir Mohammad Azizi, Deputy Minister, Ministry of Irrigation Water Resources
and Environment;
Bangladesh: Tauhidul Anwar Khan, Member, Joint Rivers Commission, Ministry of Water
Resources;
Lao PDR: Mr. Khamphad Sourinphoumy, Director, Planning and Cooperation Division, Department
of Irrigation, Ministry of Agriculture and Forestry, and Khamhou Phanthvong, Senior Officer,
Department of Irrigation.
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Irrigation - size of schemes
(12) Each country has its own definition of the size of schemes. Afghanistan uses
2000 ha as the threshold for “large” schemes, Bangladesh adopts 6500 ha while
Lao PDR categorizes schemes as “large” if they are more than 500 ha (FAO
AQUASTAT uses the same definition as LaoPDR in its country profile of
Cambodia). The relative importance of large schemes may be expressed in terms
of their proportion of total irrigable area. It is 43% for Afghanistan, 14% for
Bangladesh, and 26% for Lao PDR. (The corresponding figure for Cambodia
can be calculated at more than 50% based on FAO AQUASTAT). As the “large”
schemes in Cambodia and Lao are not particularly large in terms of command
area, it can be noted that small or minor schemes account for a large part of
the irrigable area in LDCs.
Irrigation - water sources and use of pumps
(13) Sources of irrigation water are river flow, springs or groundwater. Notable is
the heavy reliance on groundwater as the source of irrigation water in
Bangladesh, which has much to do with the profitability of any investment in
irrigation schemes which use pumps. The extensive use of pumps is observed
in Lao PDR as well as in Bangladesh; but the source of water is river flows in
the case of Lao PDR. Irrigation development using pumps has been a
remarkable phenomenon observed over the last 25 years or so.
Farmers and landholdings
(14) Afghanistan responds that over 90% of farmers of irrigated lands are ownercultivators. Owner-cultivators consist of about 80% of farmers in Lao PDR.
However, socio-economic conditions of irrigators are generally not clear. No
statistics on farm size were available for Afghanistan, Bangladesh and
Cambodia. Only Lao PDR provided data on the size of farms with irrigated
lands, reporting that 65% of farms are one hectare or less in size.
Irrigation organizations
(15) Water User Associations (WUAs) are being formed and developed with a view
to handing over to farmers schemes which to date have been operated and
maintained by governments. This is known as Irrigation Management Transfer
(IMT). The percentage of area covered by WUAs is 44% in Afghanistan and 45%
in Lao PDR. The figure for Afghanistan includes non-formal WUAs for
traditional schemes, while most of the WUAs’ coverage in Lao PDR is the recent
development, promoted by Government policy, of Irrigation Management
Transfer (IMT). The percentage coverage for Bangladesh and Cambodia is
relatively small, 15% and 6% respectively. (The figure for Cambodia should be
about 40-50%, at the same level as Lao PDR, because the total irrigable area is
estimated to be around 300,000 ha). Dominance by small and minor irrigation
may be the reason for low coverage in Bangladesh.
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Division of work among various kinds of WUAs
(16) The modern concept of WUAs has been advanced as a vehicle for IMT.
Bangladesh, Cambodia and Lao PDR appear to have adopted the concept and
applied it to “large” schemes (under their own definition) because all three
report that tertiary level irrigation canals are managed by water user groups
or associations, the lowest level organizational unit, and project level canals and
structures are managed by either a federation or association of lower level
organizations (in most cases with some help from government agencies).
Afghanistan has limited exposure to the modern concept of WUAs and IMT,
but it has many systems that have been successfully managed by farmers within
the institutional frameworks of long tradition.
Project owners and participation
(17) Bangladesh, Cambodia and Lao PDR have project owner categories defined by
policy or guidelines. All three allow the governments or government agencies
to undertake major projects and allow individual farmers/ farmer groups or
cooperatives/ villages or village communities to carry out minor projects.
Bangladesh reports that stakeholders are required to be consulted in six stages
of the project cycle as a pre-requisite; but in Cambodia and Lao PDR public
hearings related to project implementation are not required. Afghanistan does
not appear to have fully developed an implementation framework although it
makes farmers responsible for management of small schemes and the
government aids farmers in the rehabilitation and reconstruction of small
schemes. Afghanistan is still in the planning stages leading to farmers’
participation in O&M through formation of WUAs and strengthening of the
traditional management systems of the farmers.

Workshop on maintenance of irrigation and drainage facilities at a local village in Cambodia
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Irrigation investment and costs sharing
(18) Afghanistan devoted all its investment in 2004 to rehabilitation. In 2000 Lao
PDR allocated about 40% of its investment in irrigation to rehabilitation, with
the remainder going to new developments being split evenly between large and
small scale developments. Rehabilitation accounts for the majority of investment
in irrigation. The various ways of cost sharing do not appear to be well explored.
Afghanistan is planning to start with O&M. This approach is proposed to be
pursued by other LDCs.
Operation and maintenance - Water rights
(19) Except for Afghanistan, all the others (Bangladesh, Cambodia and Lao PDR)
have national water policies. But they do not have laws and rules for
administering water rights. Afghanistan has a water law but it needs revision
and updating.
Operation and maintenance - Water allocations and water charges
(20) In regard to basin level allocations, administrative power has been given to
some authorities (e.g. Ministry of Water Resources and Meteorology in
Cambodia). But those authorities conferred with such powers can not function
fully as rules and procedures are not yet established. In contrast, water
allocation is being carried out by government agencies in cooperation with
farmers themselves or WUAs at the project level, and by farmers and WUAs
at canal level. Bangladesh and Lao have legal provisions for water charges and
farmers are required to pay charges to recover part of O&M (or running) costs.
Even though Afghanistan does not have legal provisions, farmers in traditional
schemes pay water charges based on the area receiving irrigation water and at
a rate determined to recover 100% of O&M costs.
Operation and maintenance - Maintenance
(21) Maintenance has a common feature with respect to responsibilities - farmers
are responsible for “small” projects and on-farm facilities whilst governments,
including provincial governments, are in charge of the major structures within
“large” and “medium” sized projects. Salaries and other labor costs account for
a large part of total O&M expenditures in Afghanistan.2
2. Issues and Needs for Cooperation
Major issues cited
(22) Afghanistan, Bangladesh and Cambodia responded to this section. All three
refer to infrastructure issues. Afghanistan stresses the need for improvement
2

Lao returned expenditure figures for O&M that indicated otherwise. However, the Lao figures
might have included capital costs as well as maintenance.
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in infrastructure and construction of storage dams in order to enhance food and
water security. Bangladesh is concerned about flooding and scarcity of water
and land, leading to the need for development of major infrastructure based
on river water resources. Cambodia needs improvements in and development
of infrastructure to overcome short dry spells in the wet season in its highland
areas. Afghanistan and Bangladesh expect water management to be very
important in improving water resource availability. Afghanistan wants the
capacity of its river basin authorities to be strengthened; and Bangladesh wants
regional cooperation together with long term agreement on water management
of trans-boundary rivers. The need for reforestation to improve the storage
capacity of watersheds is noted by Afghanistan. To improve application
efficiencies, Afghanistan focuses on the need for capacity building of WUAs.
Bangladesh enunciates issues related to the environment such as arsenic
contamination of groundwater, industrial and municipal waste in rivers,
salinity, river bank erosion and accumulation of silts in downstream river beds.

A farmer repairing delivery canal in Cambodia
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Strategies to resolve the issues
(23) Afghanistan focused on storage dam construction to reduce flood damage and
mitigate the impact of drought, drainage systems for land reclamation,
reforestation to reduce soil erosion, whilst giving priority to rehabilitation of
existing formal and informal irrigation systems. Bangladesh advocates
implementation of a National Water Policy and other related policies as the
basic strategy; and it stresses the need for financial assistance for new
infrastructure development. Cambodia has a keen interest in developing water
resources in the tributaries of the Mekong and Tonle Sap as well as in improving
existing irrigation systems. Toward those objectives, Cambodia needs to
improve its hydro-meterologic data collection systems, to enhance their
coverage and data quality.
Required ICID support
(24) Afghanistan, Bangladesh and Lao PDR responded to this section of the
questionnaire. All three nominated capacity building / technology transfer as
the area where they expect ICID can support their endeavours. Regarding the
specific areas to be subject to capacity building, Afghanistan cites land
reclamation, water management, water harvesting, flood and drought mitigation,
water resource development, survey and design of dams of all sizes, and
irrigation technology and research. Bangladesh wants support in the promotion
of regional cooperation in integrated water resources management in the basin
areas of the Ganges, Brahmaputra and Meghna. Lao PDR needs capacity
building of central and local government for rehabilitation of irrigation facilities
and IMT.
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3. Priority Issues for Cooperation through ICID
1. Initial Suggestions for Support
(25) The areas of support initially proposed at the IEC meeting in Montreal for
attention are:
(a) Under-capitalization and low productivity of irrigation and agriculture
(b) Weak support institutions for agriculture and rural development
(c) Lack of structural adaptations in production, processing and marketing
systems
(d) Degradation of soil fertility and water quality
(e) Lack of agro-based rural industries to improve agricultural technology and
raise rural incomes
(f) Inadequate mechanisms to set priorities and measures for food security
and their proper implementation and monitoring
(g) Lack of support and encouragement for grassroots development activities,
rural cooperatives and community food security initiatives
(h) Strategies for completing development and improving management of
water resources
(i) Capacity building (and empowerment) of farmers (including women
farmers), water managers and professionals
(j) Development of the infrastructure base (including water, communications,
information, energy sectors).
Table 1 provides a matrix of the activities and components of the above priority
issues.
Table 1 Activities and components
Activity

Irrigation

Policy/Strategy

F, G, H

Institution

Farming and
production

Processing and
marketing

F, G

G

B, C

B, C
J

Infrastructure

A, J

A, J

Water and soil

D

D

Technology

D

D

E

Funding source

A

A

E

Organization

G

C, G

C, G

Farmers

I

I

Govt. / Agency

I

I

Human resources
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(26) It is obvious that the issues initially suggested cover not only irrigation but also
related activities such as agricultural production and post harvest. Further,
many components of such activities are suggested, covering policy and strategy,
institutional and organizational factors (including human resources), technology,
funding, infrastructure and physical resources of water and soil.
2. Need for Different Approaches
(27) The questionnaire returns reveal that LDCs are diverse in their needs from
potential cooperation with ICID, although they all have a common issue, i.e.
capacity building. Given such variation in needs, each country must be
addressed separately, although discussions and forums could be held under the
common theme of capacity building. When compared to the areas of support
initially proposed, one feature about their expressed needs is clear – they are
primarily focused on irrigation activities.
(28) Common issues
All respondents identified the need for capacity building / technology transfer.
However, the specific elements of capacity building/ technology transfer
identified vary from country to country. This reflects the fact that their current
situations from which their needs arise are unique to each country. However
one element is cited unanimously - ;infrastructure. In most of the LDCs,
infrastructure needs to be rehabilitated and to be developed - to mitigate
drought in cropping seasons and to expand the irrigated land in some LDCs.
With infrastructure, it is implicitly assumed that government or agency staff
at central and local levels will be trained. Little information has been provided
about the aspects of rehabilitation and development capabilities which need to
be strengthened. But intuitively, they are planning, surveying, designing, and
implementation supervision. The last question to be clarified is the type of
physical systems to be addressed, i.e. major structures in large systems or small
structures and systems for the distribution of water to individual farms. The
finding that small or minor schemes account for a large part of the irrigable
area in LDCs (refer Paragraph 13) indicates that first priority should be given
to small schemes, but not by adopting highly technical and complex systems.
Another issue raised is capacity building with respect to water management
at basin, project and on-farm levels. Basin management requires strengthened
capacity of river basin authorities3, project management needs capacity building
of project management agencies, and on-farm management requires improvement
in farmers’ and WUA’s capacities. It is significant in view of IMT that
strengthening of the capacities of both governments and farmers are raised
(refer Paragraph 22). However, it should be noted that laws, regulations,
3

And in some cases of LDCs in Asia, cooperation between countries sharing trans-boundary rivers.
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guidelines, procedures or customary practices (i.e. the instruments necessary
for the allocation of water when demand exceeds supply) are not well
developed for water management. Finally, existing systems have not been
critically evaluated to determine if they are amenable to what is called
“improved” management. In this regard, capacity building for water management
has to be closely linked with capacity building for rehabilitation and
development of infrastructure.
(29) Issues specific to individual countries
Afghanistan understandably needs rehabilitation and improvement of existing
systems and this is clearly expressed. But it also points out the need for
construction of new storage dams of all sizes.
Bangladesh is concerned about the lowering ground water table and associated
environmental problems. Given the current practice of pumping groundwater
that has been pursued by individual investors in irrigation, which accounts for
more than 80% of total irrigable area in Bangladesh, the issue centres on the
question of the policy measures which might be available for better directing
future investment.
Cambodia has not been equipped with irrigation systems that can meet the need
for provision of supplemental water in wet season cropping of paddy, the staple
of the country. Together with improvement of existing systems, development
of new schemes is an expressed need. But meeting this need appears to depend
on the intentions of donors, because almost all irrigation projects are being
implemented with donor assistance.

Canal maintenance by farmers in Cambodia
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Lao PDR has rapidly increased the acreage of irrigation in the past 25 years or
so by introducing pumps to lift river water. But many of these pumps are left
unused because of problems with water sources or other reasons. Even those
pumps in operation require rehabilitation and IMT.
(30) Suggested Sub-grouping
Riparian countries along international rivers, i.e. Bangladesh, Cambodia, and
Lao LDP, are considerably different from Afghanistan with respect to the
availability of freshwater resources and major irrigated crops, i.e. rice for the
first three and wheat for Afghanistan. Such differences lead to differences in
irrigation methods and the role of irrigation in crop or agricultural production.
It is sometimes useful to take into consideration such differences when discussing the technical aspects of infrastructure and water management practices.
3. Special Session at 3rd Asian Regional Conference
(31) Regional Conferences are a good venue for discussing the problems faced by
LDCs in the Region. At the 3rd Asian Regional Conference in Malaysia in 2006,
a special session was held on the theme “Planning, Implementation and
Management of Small or Tertiary Schemes in LDCs and Other Countries in
Asia”. It focused on the efficient use and management with farmers’
initiatives or leadership of small or tertiary distribution schemes in LDCs
and other countries in Asia. It was seen as particularly relevant because small
and minor schemes account for the large majority of irrigation acreage in LDCs
in Asia. Case studies of best practices including those of traditional schemes,
extensive practical research and development, assessment of future impacts of
current trends, and comparative studies on the effectiveness of policy or
strategy are some of the areas that were considered of mutual interest and
worthy of knowledge exchange and sharing.
(32) It was expected that the discussion on the use and management of small
schemes might lead to some deadlock. Although small schemes are economically
viable whilst easy access to water sources is secure, in the future easily available
sources of water will be depleted beyond sustainable levels if irrigation expands
without the development of additional water sources. Once the benefits of
rehabilitation and improvements in existing irrigation infrastructure are
realised, some LDCs should explore ways of developing their water resources
and thereby deliver further benefits of the public.
4. Further tasks of TF-LDCsAS
(33) The Task Force encouraged organizers of regional conferences to hold a special
session on LDCs, and gave advice on the themes of these special sessions.
Subsequently a second special session was held in Tehran in 2007. Its theme
was “Affordable Technology for the Development and Management of
Irrigation, Drainage and Flood Control Systems in LDCs and other countries
in Asia”. The Task Force dissolved at the IEC meeting in Sacramento in
September-October 2007.

1. Total area of the country
2. Total area under cultivation (,000 ha)
3. Area under irrigation in different scale category (,000 ha)
(1) Large scale
(More than ___ ha/project)
(2) Medium scale
(Between ____ to ____ ha/project)
(3) Small scale
(Less than ____ ha/project)
Total
Irrigable area (% of cultivable area)
4. Area under surface irrigation (,000 ha)
5. Area under pumping (lift) irrigation (,000 ha)
6. Area under groundwater irrigation (,000 ha)

(km2)

1,379
43%
>2000 ha/ project
1,540
48%
2000 ha> > 100 ha
289
9%
< 100 ha/project
3,208
100%
42
2,707
20
481 (Spring & Karezes)

655,000
7,726

Afghanistan

59
1,600
1,120
3,290

4,890

100%

680
14%
> 6500 ha/project

147,570
8,290

Bangladesh

I. Country Profile (1) : Irrigation and Agriculture

-

Data not available

181,035
2,472

Cambodia

SUMMARY TABLES OF RETURNED QUESTIONNAIRE

55
26%
> 500 ha/project
96
44%
500 ha> > 100 ha
65
30%
< 100 ha/project
216
100%
25
70
145
-

236,800
877

Lao PDR

Annex 1
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a/ Area cropped under paddy in Cambodia may include rainfed area.

Rice
Wheat
Barley
Maize
Sweet potato
Cassava
Mungbean
Soybean
Peanut
Sesame
Tobacco
Cotton
Coffee
Tea
Pepper
Sugarcane
Vegetables
Total area cropped

9. Types of crops planted, irrigated and harvested and corresponding yields

Yield
(ton/ha)

1613.0

Year 2001-02
147.0
2.80
1240.0
2.00
81.0
1.40
145.0
2.70

Area (,000
ha)

Afghanistan

0.0

Area (,000
ha)

Yield
(ton/ha)

Bangladesh
Yield
(ton/ha)

2.10
4.10
6.30
0.70
1.30
0.80
0.60
0.60

NA
22.20
4.40

80.0
8.0
20.0
40.0
34.0
14.0
21.0
4.0

8.0
9.0
34.0
2409.0

MAFF, 2002
2137.0
1.90
a/

Area
(,000 ha)

Cambodia

4.99
0.98
0.80
0.36

6.7
4.7
29.4
0.6

35.35
6.07

0.85
0.84
1.03

1.3
6.4
12.8

8.4
104.7
438.6

2.39

4.25

Yield
(ton/ha)

49.0

214.6

Area
(,000
ha)

Lao PDR
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(3) Tertiary / turnout level

(2) Secondary level

(1) Project level

4. Typical location of WUA

3. % of area covered under WUAs

2. Area covered (ha)

1. Total number of WUAs in the
country

No official WUAs. A traditional water
master system (Mirab system) is
functioning well for distributing water
among different users.

44%

1,386,000

3,700

Afghanistan

Water Management Group
(WMG)

Water Management
Association

Water Management Federation
(WMF) if project is over

Three categories

15%

1,000,800

WMF: 8

WMA: 383

WMG: 5978

Bangladesh

6%

136,490

207

Cambodia

WUAs are operating on the secondary and
tertiary canals that are made and O & Med by
WUAs with the support and guidance of
Provincial Dep. of Water Resources and
Meteorology

1. Country Profile (2) : Water User Associations (WUAs)

Water User Group
(WUG)

Water User
Association (WUA)

45%

70,739

864

Lao PDR

Annex 1 (Contd.)
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Year 2004 in US$: (,000)

New Development
Large scale
Small scale
Total
Rehabilitation
Total
40,000.0
40,000.0

Type: traditional system

4. Investment

To a certain extent

3. Limit on terminal
command area

Individual farmer

Private / Semi Govt. Companies

Local Govt.

-

Characteristics

Characteristics

Characteristics

Characteristics

Central Govt.

2. Public hearing for
implementation

(4)

(3)

(2)

(1)

1. Project Ownership

Afghanistan

Cambodia

0.0

-

-

0.0

Not available: almost all irrigation
projects have been implemented
with donors’ assistance

Not defined

None but tertiary
serves from 30 to 60
ha
Type: Joint
Management
Year 2000 in US$ (,000)
2,803.3
3,000.0
5,803.3
3,500.0
9,303.3

Not required

Not required

Pre-requisite as per Guidelines for Participatory Water
Management and National Water Policy, Stakeholders be
consulted in six stages of project cycle for new projects
through water management organizations (WMO,
WMG, WMA, WMF)

Village

Project from 100-1,000
ha

Farmer community

Project over 1,000 ha

Local Govt. (Joint
Management)

Lao PDR

Individual farmer

Farmers, small projects, repair and
build with help of provincial Govt.

Provincial Govt.: Small projects (F/S,
manage), Medium projects,
(Manage)

Circular of Irrigation Guidelines
defines categories
Central Govt.: Large and medium
projects (F/S, repair/build, manage, if
projects are large)

Project from 10-100 ha
Individual farmer
Project less than 10 ha

Local Cooperatives / Village community

Project up to 1,000 ha

Project up to 1,000 ha
Local Govt. Institutions (LGIs) through Local Govt.
Engg. Depts. (LGED), BMDA (Barind Multipurpose
Development Authority)

State Board / Authorities: BWDB (Bangladesh Water
Development Board)

As per National Water Policy

Bangladesh

1. Country Profile (3) : Planning and Implementation of Irrigation Projects
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O&M costs, 100%

To recover part of O&M cost

By the acreage of land

(2) Rates are based on

(3) Level of charge

From beneficiary farmers; by the project
authorities with BWDB approval

From farmers (in
traditional system that
covers over 90% of
irrigated area)

(1) Collected by and
from

The area receiving the water by the
decision of WUA
To recover running cost

By WUA committee from the members

Legal water charge applicable.

Irrigation Service Charge Regulations, 2003
in case of FCDI projects

No legal provision

4. Water charge

WUA

River basin authority (in pilot stage)

Water Users Group (WUG)

Ministry of Water Resources and Meteorology
(MOWRAM) is responsible but has not
fulfilled the responsibilities because no
methods and procedures have been
authorized.

Water Resources Management Law is in the
National Assembly, the sub-decree on the
issuance and administration of licenses has
been drafted.

National Water Policy defines water rights;
laws relating to water rights are under
processing. State owns and allocates water.
Rules for allocation will be developed.

Rules for allocation will be developed for
instream needs (ecological, salinity control,
fisheries, navigation, etc.), for offstream
withdrawal (irrigation, municipal, industrial,
etc.) and for groundwater recharge and
abstraction.
In BWDB projects, the authority does in
consultation with WMOs.

The policy is to manage water resources in
sustainable manner through capacity
building, implementing strategies so as to
reduce poverty and develop economy.

The policy refers to water rights, water
allocation, stakeholder participation, burden
sharing, devolution of state powers, etc.

Water rights are not yet defined.

Lao PDR
Main policy objective is management
transfer. Needs to develop incentives to
set regulations and to sharpen
awareness for sustainable use of water
resources.

Cambodia

Bangladesh

In privately owned systems, the owners do
at a prefixed price.

(3) Canal level

A water law exists, but it
needs revision and
updating.

Water masters (Mirabs)
with the help of
provincial irrigation
offices.

(2) Project level

(1) Basin level

3. Water allocation for
irrigation projects

2. Water Rights and
Law

1. National Water
Policy

Afghanistan

1. Country Profile (4) : O & M of Irrigation Facilities
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Communities responsible
for traditional systems

Year 2003, 04, & 05
Sal/
Mat/
Total
Labr.
works
300
280
20
320
280
40
380
280
100
-

6. Trends in O&M
annual expenditure
by Govt. (in US$
,000) (Figures for
Lao may include
those for
investment)

Govt. responsible for
formal system

(3) Small scale

(2) Medium scale

(1) Large scale

5. Routine
Maintenance

Afghanistan

Sal/
Total
Labor
-

Material/ works

Farmers participates in O&M through
WMOs
Headwork’s and main canal: authority;
On-farm; beneficiaries
In projects up to 5000 ha, management will
be handed over to WMOs, routine
maintenance is done jointly
In small projects up to 1000 ha built by
LGED, WMO

Bangladesh

Sal/
Total
Labor
Material/ works

Not identifiable

Provincial Govt.

Provincial Govt.

Central Govt.

Cambodia

98-99, 99-00, 00-01, 01-02
Salary/
Total
Material/ works
Labor
8839
39
8800
5137
54
5083
4301
61
4240
9344
41
9303

WUA

Jointly by Govt. and WUA

Headwork’s and main canal, Govt.,
On farm, WUA

2

Lao PDR
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Dam construction, drainage
system, bank protection and river
training

2. Strategy to resolve the
issues

(1) Infrastructure

(2) Financing Infra
Development
(3) Institutions

Rehabilitation of existing formal
and informal systems

(9) Others

River basin water management
for improving water availability.
Application efficiency is to be
improved through better on-farm
water management
River basin authorities including
WUAs

Reforestation for improving the
storage capacity of watershed

(6) Farmers’ access to
information
(7) Gender
(8) Irrigation service
fees (IFS)

(5) Capacity building

(4) Water management

(3) Institutions

Lao PDR

-

Should be updated and strengthened

-

-

-

-

-

-

-

-

-

-

No response

-

Water resources development in
the tributaries of the Mekong and
Tonie Sap; improvement of
existing irrigation systems

Improvement / development to
overcome short dry spells in wet
season

Cambodia

Assistance from international agencies

Environment; arsenic contamination of
GW, industrial and municipal waste in
river, salinity ingression, river bank
erosion and siltation on river beds,
decreasing organic matter contents in soil
Effective implementation of National
Water Policy and other related policies

Basin wide management of water
resources of transboundary rivers with
long term agreements (reduction in dry
season water due to upstream diversions)

Regional cooperation on water
management of transboundary rivers

Development of major river water
resources

Improvement of infrastructure /
storage dam construction

(1) Infrastructure

(2) Financing infra.
development

Flood, scarcity of water and land

Food security / Water security

Bangladesh

II. Issues and Needs for Cooperation

1. Major Issues

Afghanistan
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(4)

(3)

(2)

(1)

3. Areas ICID support
required

(9) Others

(8) IFS

(7) Gender

Dams, small medium and large
survey and design
Irrigation technology research

Water resources development

Capacity building / technology
transfer
Land reclamation, water
management, water harvesting flood
and drought mitigation
Capacity building for IWRM

Promoting regional cooperation for water
management in the basin areas of the Ganges,
Brahmaputra and Meghna

By Govt. efforts and NGO initiatives and
through formation of WMO
Guidelines for participatory water management
requires 30% of the total members of WMO be
women

(6) Farmers’ Access to
Information

Bangladesh

By Govt. efforts and NGO initiatives

Reforestation

Afghanistan

(5) Capacity Building

(4) Water Management

Don’t know what ICID can offer

Improvement of data collection
systems on hydrometeorology to
enhance the coverage and data

Cambodia

-

-

Capacity building at
central and local
Govt.
Rehabilitation of
facilities with IMT

-

-

-

-

-

To learn by theory
and through
practice of project
implementation

Lao PDR

Annex 1 (Contd.)
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Annex 2

STATE OF LDCs
1. LDCs in the world and in Asia
The United Nations has recognized least developed countries on the basis of:
1 Low income as measured by the GNI per capita per year (less than US$750)
2 Weak human resources as measured by composite index based on indicators
of life expectancy at birth, per capita calorie intake, and combined primary
and secondary school enrolment and adult literacy
3 Low-level of economic diversification as measured by a composite index
based on the share of manufacturing in GDP, the share of the labor force in
industry, and annual per capita commercial energy consumption, and
UNCTAD’s merchandise export concentration index.
4. Population is less than 75 million.
Fifty countries are currently (2005) designated by the United Nations as LDCs, of
which Asia has ten (10). They are Afghanistan, Bangladesh, Bhutan, Cambodia, Lao
PDR, Maldives, Myanmar, Nepal, East Timor, and Yemen. There are five in the
Pacific; Kiribati, Samoa, Solomon Island, Tuvalu, and Vanuatu.

Least Developed Countries (LDCs) in Asia

13404
5660
49362
24660
19173
24774
66392
62014
81314

Cambodia

Lao PDR

Myanmar

Nepal

Yemen

Malaysia

Iran, Islamic Republic

Thailand

Vietnam

332

513

1648

330

528

147

677

237

181

47

144

652

250

121

41

75

36

172

75

25

76

19

1061

1.10

0.65

1.29

1.91

3.03

2.19

1.17

2.32

1.74

2.63

1.74

4.6

(Annual %)
2003

People per
sq km 2003
a/

42

Population
growth

Population
density

38772

135877

133152

96082

9894

5868

-

1945

4088

554

55009

-

Atlas
method
(current
US$
millions)
2003

480

2190

2010

3880

520

240

282

340

300

630

400

523

Per capita
Atlas
method
(current
US$) 2003

Gross National Income

Table 1. Key indicators

69.9

69.3

69.4

73.0

57.7

60.2

57.3

54.7

54.0

63.5

62.4

41

Year
2003

Life
expectancy
at birth

23

26

39

7

113

82

107

91

140

85

69

257

Under 5
years (per
1,000) 2003

Mortality
rate

89 (1995)

91 (2000)

70

85 (2000)

29

26

81

55

59

34 (2000 b/)

31

16 (1998) b/

Female
2002

94 (1995)

95 (2000)

84

92 (2000)

69

62

89

77

81

61

50

46 (1998) b/

Male 2002

Literacy rate % ages 15
and above

a/ 2001 for Afghanistan; b/ Source: Asia/Pacific Cultural Centre for UNESCO (www.accu.or.jp/litdbase), Source: World Bank (2005) ‘2005 World Development Indicators”

874

138066

Bangladesh

Bhutan

27000

Thousand sq
km 2003

Thousands
2003 a/

Afghanistan

Surface area

Population

2. Some Indicators of LDCs in Asia
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52

22

33

34

49

5.7

41

15

10

11

10

22

Afghanistan

Bangladesh

Bhutan

Cambodia

Lao PDR

Myanmar

Nepal

Yemen

Malaysia

Iran,
Islamic
Republic

Thailand

Vietnam

118.7

99.8

111.9

116.9

106.5

108.8

116.6

119.8

113.3

94.5

104.6

a/ FAO AQUASTAT

21

35

13

31

5

8

9.7

19

22

8

16

24

-

4531

2676

2449

3250

874

2297

3599

3240

2054

1524

3345

2948

1072

860

6833

75

278

134

76

26

8

1775

26

100 grams
per ha of
arable land
2002 b/

Fertilizer
consumption

75

80

34

41

74

87

71

79

81

92

73

77

% of
total
2003

0.5

0.4

-0.7

0.3

2.6

1.8

0.5

1.7

1.1

2.4

0.9

3.1

Rural
population
growth
(Annual
%) 2003

Rural
population

28936

20185

6602

1740

3016

11419

18897

2223

5001

1055

39723

6655

Total
economically active
(1000
inhab) 2003
a/

Population
in
agriculture

6700

15867

15020

1800

1538

3200

9863

920

3700

145

8019

7910

Arable
land
1000
ha

20.6

31.1

9.2

5.5

2.9

22.4

15.0

4.0

21.0

3.1

61.6

12.1

Arable
land
(% of
land
area)

0.083

0.258

0.229

0.074

0.083

0.133

0.202

0.166

0.281

0.170

0.059

0.283

Arable
land
(ha
per
person

Land use 2002

Source: World Bank (2005) “2005 World Development Indicators”

3.4

4.5

5.3

2.6

5.5

3.4

-

3.3

2.9

3.3

2.1

-

(Annual %
growth)
2001-03
average

Agriculture
growth
(value
added)

b/ 1995 for Bhutan and Cambodia

118.3

105.3

116.6

117.1

100

112.4

116.6

121.9

115.1

92.5

105

-

-

Kg /
ha
(2004)

Agriculture

Industry

Food
production
index
(2004)

Crop
production
index
(2004)

Cereal
yield

Production Index
(1999-2001 =100)

Structure of
output % of GDP

Table 2. Agriculture, rural environment and land use

30.2

28.9

4.5

58.7

0.9

27.3

52.3

54.4

52.9

64.2

10.2

2.1

Forest
area
(% of
land
area)
2000

3000

4957

7500

365

500

1135

1996

175

270

40

4597

2386

1000
ha

34

26

44

5

30

34

19

17

7

24

55

30

(% of
crop
land)

Irrigated
land 2002

36
Report of Task Force for Least Developed Countries in Asia

55
105
95
121
190
881
198
4
580
129
210
367

Afghanistan

Bangladesh

Bhutan

Cambodia

Lao PDR

Myanmar

Nepal

Yemen

Malaysia

Iran, Islamic Republic

Thailand

Vietnam

Total internal
renewable
(10^9 m3 / yr)

525

200

9

0

0

12

165

143

356

0

1106

10

Total
external
(actual)
(10^9 m3 / yr)

891

410

138

580

4

210

1046

334

476

95

1211

65

11102

6591

2020

24202

212

8542

21403

60327

34476

43379

8418

2835

Total
renewable per
capita (actual)
(m3 /inhab / yr)

a/ FAO AQUASTAT

Total
renewable
(actual)
(10^9 m3 / yr)

Freshwater resources 2002

71.4

87.1

72.9

9.0

6.6

10.2

33.2

3.0

4.1

0.4

79.4

23.3

Total water
withdrawal
(summed by
sector) (10^9
m3 / yr)

Table 3. Water resources and uses

8.0

21.2

53.0

1.6

161.7

4.8

3.2

0.9

0.9

0.4

6.6

35.8

% of total
renewable
resources

68

95

91

62

95

96

98

90

98

94

96

98

% for
agriculture

24

2

2

21

1

1

1

6

0

1

1

0

% for
industry

Annual freshwater withdrawals 2002

8

2

7

17

4

3

1

4

1

5

3

2

% for
domestic

Report of Task Force for Least Developed Countries in Asia

37

508

299

126

467

243

109

133

-966

1769

Cambodia

Lao PDR

Myanmar

Nepal

Yemen

Malaysia

Iran, Islamic
Republic

Thailand

Vietnam

-

1393

Bangladesh

Bhutan

1533

22

-16

2

4

13

19

3

53

38

-

10

-

Aid per
capita $
2003

(Current US
$) million
2003

Afghanistan

Aid per
capita

Official
development
assistance
and official
aid

4.5

-0.7

0.1

0.1

2.4

8.0

-

14.3

12.5

-

2.5

-

Aid as %
of GNI
2003

33.7

27.1

0.5

2.6

22.7

37.8

5.6

6.8

51.2

-

56.6

485.8

USA

99.0

-4.1

9.5

-3.5

4.1

-0.9

1.2

18.5

25.8

-

7.2

12.4

France

484.2

-1002.2

11.3

79.2

24.5

60.6

43.1

86.0

125.9

-

115.3

134.4

Japan

61.6

-13.0

7.7

6.3

33.0

63.0

2.4

15.8

22.0

-

32.4

82.1

Germany

34.6

-27.8

38.8

0.5

2.9

53.1

11.1

0.3

15.0

-

260.5

98.6

UK

497.6

-253.8

-49.3

-10.7

53.8

86.2

39.0

0.0

62.5

-

454.4

-

World
Bank

183.0

-189.0

-1.6

-59.9

11.0

-14.2

20.0

0.0

64.4

-

136.9

-

Regional
development
banks

0.5

0.5

0.8

0.4

4.6

5.4

1.6

15.6

4.2

-

15.9

0.6

UNDP

Distribution of net aid by major donors ($ million, 2003)

Source: World Bank (2005) “2005 World Development Indicators”

12.9

-2.7

0.2

0.5

13.1

30.9

-

69.2

54.1

-

11.5

-

Aid (% of
gross
capital
formation)
2003

Aid dependency ratios

Table 4. Aid dependency

5.3

0.6

2.3

0.2

2.2

2.8

0.6

1.5

3.8

-

22.3

6.0

UNFPA

4.1

0.9

2.3

0.5

3.5

4.2

-

6.5

3.3

-

10.9

14.5

UNICEF
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Proceedings of

Special Session on Task Force for Least
Developed Countries in Asia (TF-LDCsAS)
‘‘Development with Partnership – Avenues for Cooperation’’
10 September 2006, Kuala Lumpur, Malaysia
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1. The Importance of Small-scale Irrigation
and Participatory Irrigation Management
S. Taniyama (Chairman, TF-LDCsAS)

INTRODUCTION
Following a resolution by the Montreal IEC in July 2002, Task Forces on Priority
Issues of Least Developed Countries (TF-LDCs) were established for Asia and Africa
on March 31, 2003 in accordance with ICID¯No. 5 Notification. Beginning in
November 2004, in the wake of discussions at the TF-LDCs AS meeting during the
Second Asian Regional Conference earlier that year, a questionnaire was administered
to six LDCs in Asia (LDCsAS) on priority issues for LDCs in the field of irrigation
and drainage. The questionnaire’s findings were summarized in the report Challenges
for LDCsAS, which was unveiled at the TF-LDCsAS meeting during the Beijing IEC
in September 2005. The questionnaire revealed that LDCs are more interested in
small-scale than in large-scale facilities, and that they require the know-how and
capacity building to manage such facilities appropriately, along with the institutional
and financial underpinnings to make their acquisition possible.
The present paper, while citing specific examples from several countries, examines
the importance of two desiderata identified in the Challenges for LDCsAS report:
small-scale irrigation facilities, and participatory irrigation management.

I. CURRENT CONDITIONS IN LDCS
1. Definition of an LDC
The United Nations defines a least developed country (LDC) as follows:1
1.1

Low incomes as measured by the GDP per capita per year (less than US$
900)

1.2

Weak human resources as measured by a composite index based on
indicators of life expectancy at birth, per capita calorie intake, combined
primary and secondary school enrolment and adult literacy

1.3

Low-level of economic diversification as measured by a composite index
based on the share of manufacturing in GDP, the share of labor force in
industry, and annual per capita commercial energy consumption, and
UNCTAD’s merchandise export concentration index.

By this definition thirteen Asian countries fall into the LDC category.0Of these —
once we exclude the small island nations of the Pacific where irrigation is impossible
owing to lack of resources — the eight listed in Table 1 are of concern to us.2
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Table 1. Chief benchmarks for classification as an LDC

Country

Population
growth

Gross national
income/capita

Life expectancy
at birth

Infant mortality
rate

%

US$

Years

Per 1000

Afghanistan

4.6

523

41

257

Bangladesh

1.73

400

62,4

69

Bhutan

2.63

630

63.5

85

Cambodia

1.74

300

54.0

140

Lao PDR

2.32

340

54.7

91

Myanmar

1.17

282

57.3

107

Nepal

2.19

240

60.2

82
113

Yemen

3.03

520

57.7

Malaysia

1.91

3880

73.0

7

Iran

1.29

2010

69.4

39

Thailand

0.65

2190

69.9

26

Korea

1.35

9460

74

5

2. Living standards in the LDCs
Because, as indicated in Table 1, per capita GDP is low, these countries have low
literacy rates, and they have shorter average life expectancies and higher infant
mortality rates than do developed countries due to malnutrition and poor hygiene.
Since in all these LDCs the population is growing rapidly, they will, on present
trends, see no improvement in their per capita GDP, and the gap between them and
the developed countries is only expected to widen.
3. Agriculture in the LDCs
As Table 2 shows, agricultural production accounts for a large share of the LDCs’
economic output, being a cornerstone of the national economy. Increasing gross
domestic product (GDP) will require stimulating the development of industry, but
it will also require raising productivity in agriculture, again the mainstay of the
economy. In many LDCs, however, less use is made of fertilizers than in the
developed countries because of lack of funds, and productivity languishes owing
to low rates of irrigation.
4. Review of irrigation projects in the LDCs
Generally speaking irrigated land, when appropriately managed, ensures more
stable production than non-irrigated land and has a higher yield per unit of area.
In regions where rainfall is irregular, therefore, rain-fed farming needs to be replaced
by irrigation-based farming in so far as available water resources allow. For that
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Table 2. State of agriculture in LDCs
Structure of output,
% of GDP

Cereal
yield

Fertilizer
consumption

Irrigated
land

Agriculture

Industry

Kg/ha
2004

100 grams per ha
of arable land
2002

% of crop
land

52

24

NA

26

30

Bangladesh

22

16

3345

1775

55

Bhutan

33

8

1524

8

24

Cambodia

34

22

2054

26

7

Lao PDR

49

19

3240

76

17

Myanmar

57

9.7

3599

134

19

Nepal

41

8

2297

278

34

Yemen

15

5

874

75

30

Malaysia

10

31

3250

6833

5

Country

Afghanistan

Iran

11

13

2449

860

44

Thailand

10

35

2684

1072

26

Korea

4

6539

3730

58

reason modern irrigation facilities have in recent years been built on a large scale
with the support of international agencies and developed countries; but cases have
been identified in which these have failed to deliver adequate benefits. LDCs will
therefore need to conduct a review of their existing irrigation projects and carefully
study the question of the scale and methods of irrigation best suited to their own
circumstances.

Poor maintenance of tertiary canal in Combodia
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5. The role of ICID
ICID is the world’s only international organization that gathers and disseminates
technology and expertise on irrigation. As such, it has an obligation to contribute
to the development of agriculture across the globe by sharing with LDCs the
irrigation technologies they require. But despite the importance of irrigation to
national development, most LDCs do not partake in ICID. ICID should therefore
encourage them to participate, making clear to them the advantages of ICID
membership.
6. Findings from the TF-LDCsAS questionnaire
In 2004-05, the ICID TF-LDCsAS administered a questionnaire to five LDCs on what
steps need to be given priority in promoting irrigation. It unveiled the findings in
the September 2005 report Challenges for LDCsAS, which revealed that LDCs have
the following key priorities:2
(1) Construction and refurbishment of small-scale irrigation facilities;
(2) Capacity building and technology transfers in the field of water management
at basin, project and on-farm levels;
(3) Establishment of legal system for water users as well as financial support
for irrigation by government.
Reducing these to the lowest common denominator, we can say that LDCs are
generally more interested in building small-scale rather than large-scale irrigation
facilities. In addition to that, they need to establish water users associations (WUAs)
for properly managing and operating those facilities.

II.

THE NATURE OF SMALL-SCALE IRRIGATION FACILITIES

1. Definition of small-scale irrigation
In the previous section we saw that LDCs are more interested in small-scale
irrigation facilities than in large-scale ones. A small-scale irrigation facility is an
irrigation facility that covers a limited area, being self-contained from water source
to terminus including reservoirs, small dams, and water facilities located on or near
the irrigated land. In the broad sense, small-scale irrigation facilities involve
auxiliary small-scale facilities such as secondary canals on down that form the
termini of large-scale irrigation systems.
The economical operation of using large-scale irrigation facilities can achieved not
only through proper managing dams and main channels; it can also achieved
through improvements in techniques for managing small-scale irrigation facilities
—and through the solidarity to manage those facilities.
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2. The size of small-scale facilities
Whether an irrigation facility is classified as large-scale (or medium-scale) or smallscale varies depending on, among other factors, the geographical conditions in the
country (or region) in question, the nature of the water source facilities, and how
large a scale local farmers operate on. According to Mase’s Asia: Created by Water4
and the LDCsAS questionnaire, large-scale and small-scale facilities are classified
in eight major countries as indicated in Table 3. As this table shows, in countries
like Nepal and Sri Lanka where the land is steep and there are no broad plains,
facilities up to several dozen hectares are considered small-scale, whereas in India
anything below 2,000 hectares is so classified.
Table 3. Rough criteria for classification as large/medium- or small-scale
Country

Large-scale (medium-scale)

Small-scale

Project
execution

At government initiative

At farmers’ initiative

Bangladesh

Major: lift irrigation and gravitational
irrigation systems with a capacity of 4 l/s
or above

Minor: lift irrigation systems
with a capacity of under 4 l/s

China

Large: 33,000ha or above
Medium: 33,000-670ha

Minor: under 670ha

India

Major: 10,000ha or above
Medium: 10,000-2,000ha

Minor: under 2,000

Indonesia

Government managed

Community managed

Laos

500ha or above

Nepal

Hill region
Large: 500ha or above
Medium: 500-50ha
Terai region
Large: 5,000ha or above
Medium: 5,000-500ha

Small: under 50ha

Small: under 500ha

Philippines

National: 1000ha or above

Communal: under 1000ha

Sri Lanka

Major: 80ha or above

Minor: under 80ha

Thailand

Major: 200 million baht or above
Medium: 200-4 million baht

Small: under 400 million baht

3. Classification as large- or small-scale by management body
Generally speaking, large-scale irrigation facilities are installed by a public agency
or the like, while small-scale facilities are placed by a WUA in accordance with the
initiative of local farmers. Thus projects on a relatively large scale executed by
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government in pursuit of national policy goals may be primary classified as largescale (or medium-scale); those executed at the initiative of the beneficiary farmers,
or in which there is a high level of farmer participation, may be classified as
small-scale.
4. Disadvantages of large-scale irrigation
Large-scale facilities established by international agencies or aid donor countries in
recent years have been found to possess the following disadvantages:
(1) Much water is lost owing to low water conveyance efficiency.
(2) Water fails to reach the fields because of a lack of terminal irrigation
facilities.
(3) Some areas of farmland go short on water because water is incompletely
distributed, whereas others suffer soil deterioration because of salinization
due to excessive applications of water.
(4) Voluntary management associations are not constituted, since everything
from implementation to management is entrusted with the government.
(5) Even where water users associations do exist, management of the water
source is not integrated with that of its terminal portions.
(6) Prolonged implementation periods and massive upfront investment are
required, yet the benefits are slow to manifest themselves.
5. Advantages of small-scale irrigation
Conversely, small-scale irrigation offers the following advantages:
(1) Project duration is short and turnover of invested capital is rapid.
(2) Water conveyance efficiency is high; water can be reliably supplied as
needed.
(3) Water can be used more efficiently because water distribution can be more
fine-tuned by farmers’ participation in project execution and management
(4) There are considerable trickle-down benefits: employment is stimulated in
the local community, for example, and there are greater incentives to farm.
6. Disadvantages of small-scale irrigation
But small-scale irrigation implemented by individual farmers has disadvantages as
well: it is haphazard, motivated by self-interest, and lacks a long-term, broader
regional perspective on use of water resources. In some cases, moreover, the
powerful have first dibs when it comes to making water withdrawals, and that leads
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to social inequality. The installation of water pumps by individual farmers in
particular tends to be planned solely with immediate economic interests in mind,
and it may lead to such problems as salt accumulation. There is also the problem
of the lowering of the water table; and as artesian water dries up, contamination
with seawater may result. Withdrawals of groundwater, even on a small scale,
therefore need to be specially regulated so that they remain at a level within which
the aquifer can be recharged. When exploiting groundwater, it is vital to conduct
sophisticated studies and analyses to determine whether it can be tapped on a
sustainable basis.

III. APPROPRIATE SIZE OF SMALL-SCALE IRRIGATION SYSTEMS
AND MANAGEMENT OF TERMINAL FACILITIES
1. Cost per unit of water
The term small-scale irrigation may refer to anything from a system covering a few
hectares that can be managed by an individual farmer to one spanning an area of
1000-2000 hectares. The question thus arises of what, from the economic perspective
of the cost of the water, is an appropriate size for such a system. Of course, the size
of a small-scale irrigation system is often determined not by economic considerations
at all but by such factors as its historical evolution, the size of the farms it serves,
and topographical conditions.
Here, the cost of water is narrowly defined as the water facility costs (cost of
installation plus cost of operation/maintenance) per unit of volume of water
throughout the area under irrigation: that is, C(Q), in which Q is volume of water.
However, even if the designed duty of water is withdrawn at the source point, it
will not reach the fields of end-users as planned volume, in case of inequalities in
the amount of water distributed to each fields (i.e., water management losses). In
other words, the efficiency of water distribution — E(Q) — as determined by level
of management exerts an impact too. Economical management of irrigation facilities
requires not just minimizing the water facility costs C(Q), but also minimizing the
average cost per unit of water on-farm level, C(Q)/E(Q).
2. Water facility costs and water distribution efficiency
Generally speaking, the larger a irrigation system, the lower the water facility costs
C(Q) per unit of water, since economies of scale kick in. However, as inequalities
in water distribution and the amount of water lost on the way to the fields are also
greater, E(Q) is smaller. With small-scale irrigation, by contrast, O/M can be better
fine-tuned, so that there is less water management loss and less loss on the way to
the fields; the upshot is an increase in the efficiency of water distribution E(Q). To
take an extreme example, if irrigation is conducted around an individual farmer’s
pumping facilities, water will be distributed with maximum efficiency. In this case,
however, the water facility costs will inevitably be disadvantageous, since the scale
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of the facilities is so small. According to an IPTRID survey in Egypt, for instance,
costs were reduced by 33% by integrating the water withdrawal pumps of individual
farmers and creating a WUA to manage them.5
3. Reducing water costs by improving level of management
Assuming that C(Q) is constant, let us postulate that at an irrigation facility of a given
size, level of management is improved through enhancements in organization or
gains in technology, with the result that water management can be better fine-tuned.
Although C(Q) remains constant, the efficiency of water distribution E(Q) will then
rise, so that the average cost per unit of water C(Q)/E(Q) will drop. Improving level
of management, then, is an effective means of reducing water costs. When planning
new irrigation facilities, therefore, it is not enough merely to compare the C(Q) for
facilities of several different sizes; it is wise also to postulate a level of management
structure tailored to each size of facility, and to select the size of facilities and system
of management that ultimately yields the lowest C(Q)/E(Q).
4. Importance of WUA
Level of management is determined by both technological factors and management
organization. On the technological front, methods of improving level of management
may include the installation of diversion works that can distribute water with greater
accuracy, the building of canals designed to reduce loss of water, and the adoption
of systems for monitoring and controlling water distribution. The key to improvements
on the management organization front, on the other hand, lies in the creation by
water users association to operate the facilities, so that water is properly supplied
to each field in the volumes called for in the plans.
5. Water costs at facilities auxiliary to large-scale systems
When one calculates overall water costs for what in Section II.1 were termed
auxiliary small-scale facilities, to the costs associated with the small-scale facilities
themselves must be added those associated with the core part of the system. Let T
represent the overall volume of water; let C(T) represent the average core water
facility costs for the whole area under irrigation; let E(T) represent efficiency of water
distribution in the core part of the system. The cost per unit of water in the core
part of the system will then be C(T)/E(T). Overall water costs will therefore be
⎨C(T)/E(T)⎬ + ⎨C(Q)/E(Q)⎬.
Assuming that the size of the large-scale system remains constant, efficiency of water
distribution E(Q) will decline as the greater the size of the auxiliary small-scale
facilities (i.e., the smaller the number of diversion points from the main channels).
On the other hand, O/M of the core part of the system will be that much easier, since
main canal length will be reduced; hence E(T) will rise. To obtain the most
economical water costs in a large-scale system, therefore, one must carefully settle
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where (at what level) to place the diversion points between the core part of the
system and its terminal portions.
6. Coordination between public and participatory management
In the case of large-scale irrigation systems, core facilities such as dams are often
publicly managed. Driving for its economical management, however, it is not good
solution to simply to leave O/M of core facilities to public body. Farmers’
participation in the management of the auxiliary small-scale facilities can eventually
realize reducing the water cost by enriching the management of whole irrigation
area. Enhancing farmers’ participation not only makes it possible to increase the
optimum size of small-scale facilities; by reducing the length of the core system
under public body, it may also reduce water costs. It need hardly be added that in
the O/M of large-scale and terminal facilities, organizations on both sides need to
remain in close contact with each other through the exchange of information.

IV.

DRIVING FOR SUCCESS OF SMALL-SCALE IRRIGATION

1. Water users associations (WUA) formed by the beneficiaries themselves
Whether water is sensibly managed, it is no exaggeration to say, depends on whether
beneficiaries manage it of their own accord. Hussein El Atfy6 argues on the basis
of Egypt’s experiences that enlisting the participation of stakeholders in water
management at the terminal facility level is essential. According to Makonnenn
Loulseged, moreover, Ethiopia’s experiences suggest that besides taking part in
management, the staff of water users associations also need to be involved from the
planning and construction stage.7 As is described in Appendix 1, Water Users
Associations in Japan can, under the provisions of Land Improvement Act, file a
project plan application through a motion of fifteen or more applicants, and may
initiate construction of irrigation facilities once the approval of two-thirds of the
beneficiaries is obtained. Subsidies are available from the national and local
governments to defray part of the construction costs.
2. Establishing a legislative framework
In Japan, as Appendix 1 describes, Land Improvement Districts, a form of water
users association, are defined under the Land Improvement Act as public
corporations, and they are endowed with authority to propose motions for the
commencement of projects, draw up plans, and levy contributions from beneficiaries.
In almost all developing countries the corresponding legal infrastructure is
inadequate. Even in the Indian state of Maharashtra, for example, no dedicated
legislation exists; the Co-operative Act is applied instead, and government agencies
appear unconcerned with the issue of irrigation management.6
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3. Participatory irrigation management
Large-scale facilities are built as public works projects, and they are publicly
managed because specialized expertise is required. In many countries, however,
terminal facilities are left unattended to; not even the farmers themselves show any
interest in them. It is due to such inadequate management of small-scale facilities
that water fails to reach the farms of beneficiary end-users in equitable fashion.3
Participatory management of small-scale irrigation facilities, in which the beneficiaries
themselves take part, is essential to appropriate water management. At the same
time, such management of small-scale facilities must be skillfully coordinated with
public management of core facilities.
4. Dissemination of management techniques
Citing the experiences of Maharashtra state, Sanjay Belsare8 asserts that appropriate
support and understanding from government are necessary if management
techniques are to be successfully transferred to and broadly disseminated through
a country (capacity building). Hussein El Atfy, meanwhile, has pointed out that there
is a dearth of skilled technicians within WUAs (need training) and a lack of spare
parts at the local level. The case of the treadle pump in West Africa described in
Appendix 2 is instructive: although the facility as originally installed is simple
enough, a knowledge of how to repair and maintain the pump is still required if
the benefits of irrigation are to be enjoyed on an ongoing basis.
5. Dissemination of expertise on terminal facilities
In many countries, whether within government or at the level of education and
research, large-scale projects on core facilities and those on small-scale facilities are
unintegrated with each other. Projects on core facilities are carried out by the public
works ministry, those on terminal facilities by the agriculture ministry. Education
relating to core facilities is conducted in industrial high schools and universities of
engineering; education in the techniques needed for terminal facilities is conducted
at agricultural high schools and universities of agriculture.3 The dissemination of
technologies relating to terminal field irrigation systems is indispensable to the
modernization of irrigation; at the same time, government programs, education, and
research on core facilities and terminal facilities respectively need to be integrated.

V. CONCLUSION
It is important for the LDCs to develop small-scale irrigation facilities and improve
the level of water management. Improving the level of water management will
require passing legislation that makes provision for WUAs and vests them with
specific authority. Participatory irrigation management, moreover, will need to be
fostered, with the farmers who are the beneficiaries of irrigation projects forming
the membership of each WUA. In many countries, management of terminal facilities
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is inadequate and technology transfers are not being implemented; indeed, not even
the necessary organizational structures are in place. If WUAs are to be strengthened,
it is of the greatest urgency that, with government support, technicians be trained
in the skills needed to manage small-scale irrigation facilities, and that techniques
for managing small-scale facilities be improved through capacity building.
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Appendix 1

IRRIGATION ASSOCIATIONS IN JAPAN AND THEIR SIZE
1. Scale of irrigation in Japan
This section describes the case of Japan, where small-scale irrigation has been
practiced since olden times. Topographically, Japan has no large plains and farming
is conducted on a small scale; irrigation too is thus on a small scale. Figure 1 gives
the classification of water users associations in Japan today by size (i.e., area). As
can be seen, large-scale bodies covering an area of 3,000 hectares or more account
for a mere 3% in area of the total; the remaining 97% are small-scale organizations
below this size.
3000 & above, 189
1000-3000, 458

Upto 100, 2826

500-1000, 569

300-500, 562

100-300, 1499

Figure 1. Size of water users associations (LID) (in hectares)
2. Amalgamation of small-scale facilities
Water users associations have since olden times utilized river water on rather a small
scale. After 1930 small-scale irrigation facilities on the lower reaches of certain rivers
were amalgamated into large-scale systems through the unification of water intakes
and the construction of associated main irrigation channels, or through the building
of dams upstream. Accompanied by amalgamation, small-scale users associations
were at the same time combined into larger bodies designed to manage the newly
constructed water source facilities and main channels. Nonetheless, as far as smallscale facilities from the secondary canals on down were concerned, the functions
vested in the old water users associations continued to be performed; indeed,
without such a small-scale organization sensible O/M is impossible. Figure 2 shows
how the system works. Here, facilities from the main channels on up are classified
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Main channel
Sec canal

Tertiary canal

Channel on farm

Tertiary canal
Tertiary canal
Tertiary canal
Tertiary canal
Tertiary canal

Channel on farm
Channel on farm
Channel on farm

Figure 2. A large-scale irrigation system
as large-scale facilities; facilities from the secondary canals on down, being auxiliary
to these large-scale facilities, are classified as small-scale facilities — although this
may vary depending on the size of the water source. Thus large-scale irrigation
systems emerged as O/M of small-scale irrigation facilities evolved. While core
facilities such as dams are in some cases publicly managed, fine-tuned management
of small-scale facilities are indispensable to convey proper amount of water to users.
3. Size of small-scale irrigation
The secondary canals shown in the figure serve anywhere between 200 and 3,000
hectares. The tertiary canals each irrigate an area of 50-100 hectares. The area served
by such a secondary canal constitutes a small-scale irrigation system, whose
membership will range between 200 and 1,000 farmers. This size is considered most
conducive to fine-tuned management by farmers themselves. Apart from amalgamated
large scale irrigation districts, many small-scale irrigation districts are selfcontained, including everything from a water source (say a small pump) able to serve
up to 3,000 hectares to the site of end use.
4. Land improvement law
In 1951, the Land Improvement Act was passed, replacing the Irrigation Cooperatives
Act passed in the 1890s. This law established the Land Improvement District (WUA)
as the organization vested with responsibility for water management, and
empowered it, as an association of farmers, to plan and execute projects of its own
accord. When implementing projects, Land Improvement Districts have access to
subsidies from the national and local governments.
5. Functions of villages
Since the Edo Period (1603-1867), farm communities have operated as water
management body in rural areas. Even before the Local Autonomy Law (1888) came
into force functioned as the smallest unit of local autonomy, cleaning roads,
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Appendix 2

DISSEMINATION OF TREADLE PUMP IN WEST AFRICA
1. Irrigation using treadle pumps
In West Africa, according to the IPTRID Grid,9 erratic rainfall has created uncertainty
for rain-fed agricultural producers and emphasized the need for irrigation. The
traditional means of lifting water using rope and bucket is inadequate to meet the
efficiency required. In response to this, the international NGO Enterprise Works
(EW) introduced the treadle pump (TP) in the sub-region. The TP is low-lift, high
capacity, human powered water lifting pump that is designed to irrigate one hectare
of farm land. The cost is low relative to motorized pump and intended to be
accessible to farmers of all income classes.
2. Benefits of the treadle pump
The TP was first introduced around 1995 in Senegal and Mali, and by 2000 it had
gradually spread through West Africa. As of 2002 there were 7,800 treadle pumps
in Mali, 4,300 in Burkina Faso, and 2,600 in Senegal.
Factors that have influenced the adoption of this technology by recent survey in
Ghana include drudgery reduction (59%), reduction of time used for irrigation
(49%), increased farm size (31%) and no fuel requirement (29%). In Senegal, farm
sizes increased by 40% and irrigation time reduced from almost 12 person-hours per
day to about 4 person hours per day. Increased farm sizes under irrigation and
greater yields have made it possible for Senegalese market gardeners to generate
annual net income gains of US$850, a return of 750 percent on the original
investment of US$100 in the TP.
Table 4. Number of treadle pump users in West Africa
(in number of locations)
Country/year

2002

2003

2004

Mali

7849

8909

5139

Niger

3435

2309

2259

Senegal

2629

1972

1479

3. Sustainability of the technology
Once EW NGO activities have ended and it has become difficult to sustain the
success achieved in some of these. Some of the problems highlighted include the
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following: lack of skill for minor pump repairs, lack of proper maintenance after
installment and low level of awareness in some district.
This demonstrates that it is vital to disseminate the knowledge of proper
maintenance after installment of even small scale irrigation facilities.
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2. Constraints of Small-scale Irrigation
Management and Research in Ethiopia
Makonnen Loulseged

1

ABSTRACT
Ethiopia has 12 river basins, 11 lakes, 9 saline lakes, 4 crater lakes and over 12 major
swamps or wetlands. The total mean annual flow from all the 12 river basins is
estimated at 123 BCM. Constraints of Water Resources Development in Ethiopia are
numerous. They fall in one of the general categories of legal, political, social or
technical. These require careful consideration and supported by research if the
required level of development is to be ensured. Although there is certainly no single
silver bullet to reverse all of the negative production, social, economic and
environmental trends, it is clear to all observers that improved integrated
management of water and land resources is a necessary condition for improving to
positive trends. There is a need for better water and land management and crop
production technologies, incentives to adopt new technologies through market
development, supporting institutions that enable people to gain access to new
technologies and supportive policies.
Efforts are being made to involve farmers progressively in various aspects of
management of irrigation systems, starting from planning, implementation and
management aspects particularly in water distribution and operation and maintenance.
The risk of the breakdown of sustainable management of the schemes will be
minimized, first, by the demand-driven nature of the investment because farmers
will have greater ownership and vested interest in the success of the scheme, and
second, by regular consultations with officials and farmers aimed at strengthening
WUAs.
Research in irrigation and drainage is part and parcel of water research. However,
unlike the agricultural and health sectors, institutionalized water research is not
known in Ethiopia as is the case in most parts of Africa and underdeveloped
countries. Significant research activities have not yet been undertaken on irrigated
crops. There is just only little research activity in the area of irrigation water
application. As a result, no recommendations on varieties, agricultural practices,
irrigation methods, etc are available apart from limited work carried out for cotton
and sugar cane at lower altitudes.

1

ETCID Chairman, Head, R&D Department, Ministry of Water Resources, P.O. Box 170121,
Fax: 251-11-6626927, Tel: 251-11-6626916, e-mail:ggbg1@ethionet.et or l_mekonen@hotmail.com
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The research problems and gaps can be categorized as Human Resource,
Institutional Arrangement, Research Process, Research Culture, Linkage, Publication
and Dissemination and Funding problems.
The rationale of the study of a comprehensive strategy for water research is that it
is in no doubt a tactical threshold and a compulsory spring board for a better
performance henceforth for all development actors in the water sector by raising the
local R&D capacity to the required level that will support and improve the overall
development, use and management of water resources aimed at development
impact.
As a result, the need for a comprehensive and thorough study on the problems,
capacity needs assessment, and formulation of R&D Strategy and programs for the
water sector of Ethiopia is in no doubt a threshold and a compulsory springboard
for a better performance in the area of our concern. Hence, a proposal on the
formulation of R&D strategy & programs for the water sector of Ethiopia is initiated
as a consequence of the above arguments.

BACKGROUND
Water Resources: Ethiopia has 12 river basins, 11 lakes, 9 saline lakes, 4 crater lakes
and over 12 major swamps or wetlands. The total mean annual flow from all the
12 river basins is estimated to be 123 BCM. The country is faced with a rapidly
growing population and an agricultural production, which, in most years, falls short
of the food requirements of the population mainly because of rainfall variability.
It is expected that through an optimal development of water resources, in
conjunction with development of land and human resources a sustainable growth
of food production can be achieved, despite the recurrence of droughts or irregular
rainfall. Increase in production of food grains is not only needed for feeding the
projected additional mouths but also to satisfy the deficiency in daily calorific intake
requirement which amounts to 20 % below the desired level. Further more, raw
material requirements for domestic industries such as textiles and sugar and the
need to save or earn foreign exchange will create further demands on agricultural
production.

IRRIGATION DEVELOPMENT
Based on the present indicative information sources the potential irrigable land is
about 3.7 million ha. This figure is believed to be much on a low side, and could
change as more reliable data emerge since more detail studies are under way. To
date only about 160,000 ha has been developed and yet more land has to come under
irrigation to feed the fast growing population, combat the effect of drought, provide
raw materials for local industries.
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Irrigation typology in Ethiopia is classified as large with a command area greater
than 3000 ha, medium projects with a command are between 200 and 3000 ha; small
scale with a command is less than 200 ha which are basically community managed
schemes. The estimated total area presently under small scale irrigation is estimated
at 42,760 ha out of which about 13,820 ha is traditional irrigation schemes. However,
the total traditional irrigated area in the country is believed to be by far higher than
this amount.
There is sufficient amount of water resources ideally useable for irrigation
development. However, the land that has been brought under irrigation to date is
very small. Constraints of Water Resources Development in Ethiopia are numerous.
They fall in one of the general categories of legal, political, social or technical. These
reUa The1D0 Telionsideration and attention if the reUa Thd level of development is
to be ensuThd. Although there is certainly no single silver bullet to reverse all of the
negative production, social, eionomic and environmental trends, it is clear to all
observers that improved integrated management of water and land resources is a
necessary condition for improving to positive trends. This includes attention to
many facets affecting land and water resources management: better water and land
management and crop production technologies, incentives, to adopt new technologies
through market development, supporting institutions that enable people to gain
access to new technologies and both input and output markets and supportive
policies which provide incentive for investment
Efforts are being made to involve farmers progressively in various aspects of
management of irrigation systems, starting from planning, implementation and
management aspects particularly in water distribution and operation and maintenance.
The risk of the breakdown of sustainable management of the schemes will be
minimized, first, by the demand-driven natuTh of the investment because farmers
will have greater ownership and vested interest in the success of the scheme, and
seiond, by regularlionsultations with officials and farmers aimed at strengthening
WUAs.
The solutions to Ethiopia’s sustainable water resources management challenges are
among others, dependent on the capability and capacity to generate new knowledge
and/or application of existing knowledge supported through research.

CONSTRAINTS
MANAGEMENT

OF

SMALL

SCALE

IRRIGATION

WATER

Monitoring & Evaluation (M&E)
A proper M & E system has not yet been ionceptualized and put in place. The M
& E staff are not welelionversant with the concept and thus M & E activities have
been limited essentially to compiling monthly progress reports. Even if there is
monitoring and evaluation systems it is heavily biased toward civil work activities
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of irrigation schemes. The system fails to identify veritable and measurable impact
indicators that are the foundations of an effective monitoring system. Institutionalizing
the M&E in the respective institutions should be considered in order to make it a
routine exercise.
During the preparation of the feasibility studies, the regional irrigation agencies have
made considerable efforts to collect socio-economic data about beneficiaries.
However, the quality and depth of information differ widely both between regions
and schemes. In that, absence of comprehensive baseline data covering the socioeconomic characteristics of beneficiaries, and limited monitoring activities, little is
known about the beneficiary profile. Therefore, projects should plan and conduct
a baseline survey for the establishment of bench mark data for each SSI schemes.
In order to be effective and make the monitoring system workable, a simplified
record keeping logbook system should be introduced to WUAs on each schemes.
The problems, although minor, have often caused considerable hardships for the
farmers and prevented proper water distribution and management. Resolutions of
these problems are often beyond the capabilities of WUAs and threaten their
sustainability and those of the schemes. Most of the technical problems being
experienced resulting from poor quality of construction material workmanship and
design defaults should be corrected in order to enable WUAs to operate, maintain
and manage the schemes as self sustaining entities.
Institutional Support
The institutional support component would strengthen the coordination of program
activities and develop the capacity of staff in areas of Participatory Rural Appraisal
(PRA), marketing and the operation of Community Development Fund that would
provide grant funds to WUAs and Women’s groups to improve market linkages and
reduce post harvest losses. Staff and beneficiary training, particularly training of
WUAs, have been limited. Technical training materials in product marketing,
irrigation extension, cooperative auditing, formation of WUAs, PRAs and monitoring
are important. Further more, the training approaches and methodologies used are
not coordinated and training materials lack practical case studies drawing on field
experience. The need for assessing the skill levels and knowledge of beneficiaries
has largely been under estimated during the planning process.
Study will have to be under taken to review the legal aspects of ownership of the
schemes as well as the rights and responsibilities of government, WUAs and other
stakeholders with respect to abstraction, delivery and distribution of water and in
line with government policies, prepare draft proposal and legislation for transfer
of ownership of small scale industry (SSI) to WUA and establishment of water rights.
Improving management and operation of irrigation schemes requires that both
irrigation service staff (Development Agents - DA) and farmers receive some form
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of training. Irrigation service staffs will require both theoretical and practical training
which will increase their knowledge, skills and capability to operate and maintain
the system efficiently, water users association and farming will require training and
extension services to improve their understanding, knowledge and skills in the
development of irrigated agriculture which is not in existence at the moment. DA
staffs have had only limited training in marketing and in general lack experience
in assisting farmers. Training for farmers and DA Staff in post harvest activities such
as marketing, storage and transport of vegetable crops should be included.
Lack of capacity
The level of skilled manpower available in the country is not adequate to carry out
the number of projects being demanded by the regions. Some regions don’t have
enough staff to carry out preliminary identification, study, design and construction
of water resources development activities. Inadequacy in construction capability due
to inadequate machinery, equipment and spare parts. Lack of appropriate
supervision in construction activities has resulted in poor workmanship.
Operation and Maintenance
Although irrigation has been practiced in Ethiopia since ancient times, it was not
practiced on a wide scale and hence did not spread widely among the farming
communities. Institutional water operation and management is in a very poor
condition with regard to the administration of supply, maintenance and repair of
the net-works due to lack of trained manpower, sufficient maintenance tools
equipment, spare parts, vehicles and logistics the regions operation and maintenance
capabilities are limited.
Soil Erosion and Sediment
The steep slopes and high and temporally variable rainfall in the highlands of
Ethiopia give rise to high erodibility of the soil. This has been worsened by
accelerated deforestation, unwise farming practice, and overgrazing. The productivity
of the land is thus subjected to a continued decline. Studies show that if no measures
are taken to reverse the present trends significant amount of land will be unsuitable
for agriculture with in the next 25 years. It is reported that 1.5 billion tons of soil
is eroded annually and transported to rivers. This will cause canal and reservoir
sedimentation by reducing storage capacity seriously damaging the economic
viability and long-term sustainability of water projects.
Conservation and development
In catchments where soil conservation activities are an integral part of the local
farming system, the irrigation schemes are at a significant advantage, having very
limited negative impact on the environment. In catchments where this is not the case,
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soil erosion is a major issue, threatening the viability of the scheme itself. The impact
of construction of soil bunds is likely to be longer-term than other conservation
measures which can have very rapid impacts on fodder and fuel wood resources.
Such short-term measures should be integrated with long-term measures for
maximum impact. Farmers express some concern that soil bunds act as rodent
harbouring places, affecting nearby crop fields especially in places where there is
limited biomass in the system. There has been limited but encouraging experience
with area enclosures, the impact being the restoration of vegetation, including
indigenous species, and increase of available fodder. Farmers also value such areas
for honey production.
The conservation, development and utilization of natural resources, which are
currently in a debilitated state, have a major impact on the country’s overall
economic development. Hence, priority has to be given to the conservation and
development of forestry and livestock resources, soil and water conservation, which
were, and still continue to be, utilized wastefully.
Upstream-downstream issues
The development of a single irrigation scheme within a catchment has no special
implications for the management of water resources beyond the command area of
the scheme. However, when other schemes or abstractions already exist upstream
or downstream, or when the development of one scheme acts as a catalyst for other
farmers to follow what they have seen, the implications are extensive. It is then that
competition develops over a scarce resource (dry season water), and competition
can easily turn to conflict. If conflict is not managed through careful negotiation,
then there is a danger that it can turn to outright hostility between communities.
In some of the irrigation schemes studied in depth (with particular attention to wider
catchment-scale issues), the proportion of irrigation farmers (out of a sample of 304)
reporting water scarcity averaged 83%. In all these cases, farmers reported that
upstream users were depriving them of water.

It is essential that any individual irrigation scheme is apaffsue001 to thetarearea of]TJ0 -1.2 TD-0.0002 Tc130.0
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Flooding
Because of reduced soil depth due to soil degradation, the water holding capacity
of the soil is reduced and as a result high runoff is generated instead of percolating
into the soil and recharging the ground water there by increasing the base flow. It
is reported that there is change in stream flow pattern i.e. the drying up of perennial
streams is due to the reduced base flow.
Standardization
At present there is a mix-up of all sorts of standards for study, planning, design
implementation and general operation, international and national standards are all
applied depending on the source of finance and of the experts. It is difficult to
compare the quality and level of inputs generated from the application of different
standards. Standards that are applicable throughout the nation should be developed
by adopting from the existing international standards or developed in the country
to suit specific conditions. Therefore, lack of technical guidelines, manuals,
standards, etc. for the design, operation and maintenance, equipments and materials
used in the water sector.
Data Management
Data acquisition systems and technical skills for handling data in the water sector
are in the process of being established in the MoWR, but still requires a sound
management system.
Water use efficiency in agriculture
The effectiveness of water use and benefits in terms of crop yield are determined
to a large extent by when the farmer irrigates how much water is applied and how
it is applied. Water applied to a field during irrigation is primarily for storage in
the root zone and subsequent consumptive use by a crop. Other beneficial use of
Water may include application to a field to permit tillage, to provide water for
germination, for temperature control and to reduce surface or soil salinity. It is based
on the type of soil, degree and quality of land leveling and land preparation, the
skill and experience of the irrigator. Both over irrigation and under irrigation have
negative consequences on yield and soil properties. Farm water application
efficiencies are not generally high in Ethiopia as in many other countries in Africa
due to lack of proper understanding of the above mentioned factors.
Traditional organisation, WUAs and Cooperatives
Social organization within irrigation schemes includes traditional water management
structures which include a water master; ‘modern’ WUAs; and cooperatives. These
different organization often exist side by side. Traditional water masters have
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generally been ignored by the authorities in the move to WUAs and cooperatives.
Compared to WUAs, cooperatives have wider objectives relating to input supply
and marketing of produce, and membership of cooperatives is said to be voluntary.
In some cases the promises (of linkages to credit suppliers and to markets) made
by the Cooperative Promotion Office fail to materialise, and farmers’ hopes are
disappointed. As a result a significant number of farmers are unwilling to join.
Legalisation of WUAs is not possible under current Government policy with the
result that registration of any scheme-related organization must be done in the form
of a cooperative. Lack of legal recognition means that WUAs are not able to operate
a bank account and obtain credit. The market liberalization policy launched by the
government has necessitated the formulation of new co-operative legislation. This
was agricultural co-operative society proclamation No. 85/1994. Experience in
implementation of IFAD Phase II small scale irrigation development indicates the
following:Most small scale irrigation (SSIs) have informal WUAs, formed among the
beneficiaries, which operates with varying degrees of effectiveness. The reasons, for
the lack of progress with registering WUA as cooperatives are four fold
(i)

Initial interactions with the community focus solely on mobilizing labor
for construction.

(ii) Staff from the cooperatives promotion office are not usually involved at
the early stages of design and construction.
(iii) Most importantly, the legacy from the previous era in which cooperatives
were part of the socialist government machinery has created mistrust about
cooperation amongst the rural community.
Whilst WUAs and cooperative societies have inherent advantages, there are concerns
about the congruence between the peculiar characteristics of WUAs and the general
provisions of cooperative society legislation.

• Voluntary nature of cooperative membership: the decision of beneficiaries to
proceed with the investment in SSI is voluntary.

• Share capital contributions: beneficiaries provision of free labor for construction
activities should be valued and should represent part of their share capital
in the WUA.

• The sale of share capital to non-water users should not be permitted. The SSI
can not be owned and controlled by people outside the command area.

• Registration and member ship fees should not be prohibitive for new entrants.
• The WUA will only raise income through water fees and penalties and for
the maintenance of the scheme and is not for distribution.
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• In addition to financial audit, an appropriate authority shall undertake a
•

technical audit of the operation and maintenance.
The WUA needs recourse to prompt legal procedures to deal with noncompliance with water use schedules.

Marketing and Credit
Through out the program area, it was observed that, as farmers moved from food
security crops to vegetable production, marketing of crops could be a problem. The
main crops affected were onion, tomato and potato. The reasons for this are a
combination of a lack of awareness and training of farmers of seasonal market
requirement combined with shortage of adequate storage and transport facilities.
This leads to seasonal oversupply, low prices and, ultimately, wastage of crops.
With the move to higher value vegetable crops, the need for use of inputs increases
and farmer seek access to credit. At present, farmers have little access to a seasonal
credit or micro finance generally for agriculturally related activities. Bureau of
Agriculture (BOA) supported activities such as constructions of potato stores are on
a small scale and are not related to a source of finance. Therefore, there is at present
a credit gaps for small-scale irrigation farmers.
The informal sources of credit include close relatives and acquaintances, usually free
of charge, and individual moneylenders at an exorbitant interest rates. The formal
institutions are not accessible and suitable for the need of the poor because the banks
require collateral as a security for default and other official formalities. Therefore,
rural credit scheme is established in most regions to bring appropriate savings and
credit services to the rural poor. It is organized on the basis of local groups, with
group agreements and pressure acting as collateral. Funds are expected to come from
external donations, saving mobilization from members and non-members and net
profit from operation.
Gender
As men head households (unless deceased), and women do not have direct access
to land, men form the majority of direct beneficiaries women members are from
female-headed households. A wife will not be eligible to represent her family if her
husband is alive. In the program area it is noted that female-headed households are
usually among the poorer households and that if they engage in share-cropping they
reap little benefit from the SSI intervention. Therefore, from the project’s inception,
gender differentiated participation in the program has been limited to WUA
membership and women’s vegetable gardens.
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Policy
Policy on irrigation development states a total cost recovery on modern irrigation
development schemes. This has to be reviewed in light of the need for expediting
irrigation development in the country and water use efficiency visa viz the ability
to pay by the farmers.
Water law
Despite the existence of Federal legislation on the subject of water resources
management (proclamation No. 197/2000) abstraction is not tightly controlled or
reinforced. There would appear to be a lack of capacity both at federal and local
levels to enforce a law which requires a supervising body to keep an inventory of
water resource and register of actions with respect to applications; issue permits for
water abstraction and other purposes; and collect water charges from users.

STRENGTHENING THE ROLE OF RESEARCH
Research in irrigation and drainage is part and parcel of water research. However,
unlike the agricultural and health sectors, institutionalized water research is not
known in Ethiopia as is the case in most parts of Africa and underdeveloped
countries. Significant research activities have not yet been undertaken on irrigated
crops. There is just only little research activity in the area of irrigation water
application. at As a result, no recommendations on varieties, agricultural practices,
irrigation methods, etc are available apart from limited work carried out for cotton
and sugar cane at lower altitudes.
Establishment of Advisory Research Council
Involvement of stakeholders in research activities right at the beginning was felt
strongly. Council members were chosen from relevant institutions with a preset
criteria including qualification, experience, professional mix, gender balance, etc and
will serve on 3 years rotation basis one-third being retained. The Advisory Council
is expected to function with in the purely technical operations and will have an
advisory role to the Ministry and the Chair person submits summaries of proposed
R&D activities, with recommendations.
Institutional Research Capacity
Effective and problem solving multi-disciplinary R&D in meantime requires a sound
physical infrastructure base including financial and human resources. Recognizing
the need to assess the existing capacity a survey was initiated in 2004 at the national
level. The main and most common problems and constraints which hinders water
research particularly in their institutes and in the country at large includes:
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Lack of capacity – trained manpower
– equipment
– finance
Engagement of lecturers in teaching and less time for research
Lack of coordination and networking of efforts made in water research
activities /outputs as a result duplication of effort and misuse of scarce
resources
Fragmented nature of research and not targeted to problems of development
Lack of incentive
Lack of knowledge management and extension /dissemination of research
outputs
Less policy support and
Mandate related problems

Identification of Research-gaps
The research problems and gaps can be categorized as Human resource, Institutional
Arrangement, Research Process, Research Culture, Linkage, Publication &
Dissemination and Funding problems. The problems are the following but not
limited to:
DESCRIPTION OF THE PROBLEMS
Institutional arrangement
•
•
•
•
•
•
•
•
•
•

Administrative set up not fully conducive to conduct research
Administrative red tape in processing and managing research
Insufficient commitment and support at al levels
Inadequate institutional arrangement for continuous dialogue between researchers and
stakeholders
No clear policies and guidelines governing research activities
Little time available to do research in academic institutions due to teaching overload
Low motivation to conduct research
Inappropriate recruitment procedures at higher learning institutions preventing the
employment of potential researchers
Weak leadership at all levels
Inadequate coordination and controlling system

Human Resource
•
•
•
•
•

Limited experience of staff in research
Inadequate number of trained researchers
Inadequate competency
Brain drain of skilled personnel
Reliance on expatriates jeopardizing sustainability, quality research and local initiatives
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•
•
•

Inability to produce young researchers
Inadequate motivation and commitment
Lack of adequate incentives and encouragement

Poor tradition in research
•
•
•
•
•

Insufficient alertness in research among managers at all levels
Inadequate integration of training, research and service
Insufficient involvement of communities in the planning, implementation and utilization
of research findings
Most research done is not marketable
Stakeholders hot sensitized when it comes to research

Identification of priority research area
There should be local R&D capacity that can absorb the Science, technology & innovation
to do needed research. The countries priority areas need to be defined and the research shall
be targeted to these areas. That is why assessment of priority water related research topics
and from which priority research areas of the sector are derived is lacking
Environment
•
•

Inadequate infrastructure for laboratory, lecture halls, office etc
Insufficient equipments, spare parts, maintenance, inadequate standardization of
equipments and procedure; lack of reagents; insufficient reference materials such as
journals, access to electronic media etc.

Linkage
•
•
•

Insufficient cooperation, weak partnership and linkage among inter and intra universities,
industries, ministries and other stakeholders
No established network to bring together institutions to share their knowledge and
experiences
Poor linkage between research and developmement

Funding
•
•
•
•
•

Meager budget allocation for research
Bureaucratic procedures in approving, releasing and utilization of approved fund
Inadequate control of approved fund
No mechanism of pooling funds together from collaborating institutions to carry out
quality research
Inadequate budget allocated for staff development in research

Knowledge management and dissemination

•

Research is a systematic way of finding solutions to problems, searching for new
knowledge and looking for new ways to curve weaknesses of a program, or a policy.
However, there is no systematic knowledge storage and retrieval mechanism in place as
well as no strategic approach to disseminate this knowledge to end users.
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Research Strategy Development
In order to alleviate some of the constraints sited above there is a need for a
purposeful and continued water research & development that requires a solid
strategy and programs supported with tactical approaches and methods
complemented by persistent financial & technical support and commitment from all
concerned bodies. Furthermore, all attempts made to raise the local R&D capacity
necessitates a well articulated and targeted effort in a defined institutional setting
for water research based on the existing situation of the country.
The rationale of the proposed study project is that it is in no doubt a tactical threshold
and a compulsory spring board for a better performance henceforth for all
development actors in the water sector by raising the local R&D capacity to the
required level that will support and improve the overall development, use and
management of water resources aimed at development impact.
As a result, the need for a comprehensive and thorough study on the problems,
capacity needs assessment, and formulation of R&D strategy and programs for the
water sector of Ethiopia is in no doubt a threshold and a compulsory springboard
for a better performance in the area of our concern. Hence, a proposal on the
formulation of R&D strategy & programs for the water sector of Ethiopia is initiated
as a consequence of the above arguments. In this regard, there are some positive
developments and increased attention by decision makers to put water research in
its right perspective.

CONCLUSION
There is evidence that the program is beginning to have a positive impact on poverty
and household food security, for the farmer-irrigators who are fortunate enough to
have access to land within the irrigation command areas. Small increases in crop
yields, production, and incomes were reported, and irrigation farmers are not only
beginning to diversify, but also to commercialese their farming operations: Some
women have benefited from the vegetable garden component of the project where
it has been implemented. As yet these changes are small, both in magnitude and
in number of households affected, but they show promise for the future.
There is a great deal of institutional learning from IFAD-Phase II program to share
among stakeholders. The experience gained by the government and all other
stakeholders puts in a very strong position to engage in dialogue over the
outworking of policies in the area of: food security, land and water management,
coordination of Government agencies, cost recovery, and on-going support to
communities, little has been done in this area to date.
Areas in which the project’s experience on the ground could make a valuable
contribution to national policies and institutional frameworks include at least the
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following: water resource management at catchment level (including use of permits
and the application of legislation such as Proclamations; adaptation of national water
resource policies and legislation to regional level; marketing and price regulations
(protecting farmers from unscrupulous merchants); policies on water users’
associations and irrigation cooperatives; policies and practice relating to land title;
and understandings and practices in relation to post-construction maintenance and
rehabilitation. The project could take a highly constructive lead in future in
facilitating debate and movement on these issues, all of which strongly affect the
impact and sustainability of small-scale irrigation schemes.
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3. Local Stakeholders Participation for Smallscale Water Resources Management in
Bangladesh: A Case Study
Md. Nurul Islam* 1 and Q R Islam2

ABSTRACT
The water resources management activities in Bangladesh include flood control,
drainage and irrigation (FCDI). The FCDI development with a command area of less
than 1,000 ha in a village, union or upazila (sub-district) is termed as small-scale
water resource (SSWR). In accordance to the National Water Policy (NWP), the Local
Government Institutions (LGIs) are responsible for the SSWR development to ensure
sustainable management of the surface water resources by the community concerned
involving public and private sectors. The Local Government Engineering Development
(LGED) provides technical assistance to the LGIs. LGED constructs stakeholdersdriven conventional water control systems under Small Scale Water Resources
Development Sector Project (SSWRDSP). During 1995-2002, 613 hydraulic structures
were constructed and 945 km of embankments were re-sectioned and 1,162 km of
drainage channels were re-excavated in 280 subprojects. The subprojects benefit
165,000 ha and 142,541 farm households. The local stakeholders in the subproject
areas get the opportunities to decide for themselves what are in their best interests
in using SSWR. This generates local enthusiasm for SSWR systems and facilitates
formation of Water Management Association (WMA) in each subproject area. The
subproject facilities are handed-over to the WMA for operation and maintenance
(O&M). The O&M fund is generated by the contribution of direct beneficiaries. The
WMAs maintain the infrastructure and manage their affairs in a manner that has
integrity and is transparent to their membership. This ensures establishment of
ownership of subproject infrastructures. The beneficiaries participation in O&M
improves the access of the rural people to land and water. They are integrated into
the mainstream of economic production system. Following the success, LGED now
implements 300 more subprojects throughout the country. Case study in a surface
water irrigation command area development subproject demonstrates that water
resources development with the participation of local stakeholders and operation
of water control system by strong WMA results in excellent performance of water
control infrastructures and restricts undesired impacts.
1

Integrated Water Resources Management Unit, Local Government Engineering Development,
Dhaka, Bangladesh

2

Advisory Technical Assistant, Second Small Scale Water Resources Development Sector Project,
LGED, Dhaka, Bangladesh
Correspondence to: IWRM Unit, LGED Head Quarter, RDEC Bhaban, Shere Bangla Nagar, Dhaka
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INTRODUCTION
With frequent flooding and drought in Bangladesh sustainable water resources
management is instrumental for rural development. It continues to play a significant
role in attaining food security, employment generation, and reducing poverty in the
country. The water resources management activities in the country include flood
control (FC), drainage (D) and irrigation (I). The FCD developments include
embankments, floodwater control and drainage structures and pumps. The
irrigation developments with FCD include primary pumping plants, gravity
diversion and secondary lift by low-lift pumps and non-mechanized and traditional
irrigation by indigenous methods. FCD protects about 3.40 million ha and 0.95
million ha is irrigated with FCD (Khan, 1993).
The foodgrain production plan of the Government lays major emphasis on
development, control and efficient utilization of water resources. This involves both
structural and non-structural measures. World Bank (1992) suggests that flood
control investments prove to be an appropriate means, if Bangladesh wishes to
maintain self-sufficiency or surplus of food in the longer run. Of 7.6 million ha of
cultivated land under flooded condition, 55% is economically feasible for providing
improved water control with new flood and drainage managements (BBS, 2004 and
Nishat, 1988). Furthermore, WARPO (1991) suggests that irrigable area could
possibly be increased through investment in FCD. It was estimated that FCDI could
raise the crop area by 1.8 million ha with increase in land use intensity. Since
temperatures in the country are suitable for the growth of crops throughout the year,
FCDI release the constraints on land use through facilitating cultivation in three
seasons on the same land (ICID, 2001).
The performance of FCDI systems often remained below expectations (Chowdhury,
1988). Many of the earlier FCDI projects were not productive. There have been
serious lack of adequate maintenance and widespread failure of project structures
(MPO, 1991). The major cause was identified to address issues related to local
participation and distribution of responsibilities between national and local
governments in the process of implementation (EIP, 2000). The projects focused
mostly on the structural design and inputs from the target beneficiaries were
inadequate. Consequently, the project objectives for sustainable water resources
management to increase agricultural production were rarely achieved. Accordingly,
local stakeholders participation has been recognized as prerequisite for the
formation of social capital to build consensus about the use of water resources
(World Bank, 1998). The present study examines LGED experiences on sustainable
water resources management involving local stakeholders in Bangladesh.

MATERIALS AND METHODS
The study was carried in the SSWRDSP implemented by LGED. It was based on
information from primary and secondary sources. The primary sources include case
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study through field visits, household survey and beneficiaries interviews after the
completion of subprojects. Non-governmental organization (NGO) field workers
were involved in the surveys and interviews. Pre-subproject information was
collected from secondary sources. These included subproject appraisal and
feasibility study and project final report (SSWRDSP, 2003 and 1994).

RESULT AND DISCUSSION
Participatory small scale water resources management
Taking lessons from the performances of the earlier water resources development
projects, LGED facilitates sustainable management of water resources with the
participation of local stakeholders along with LGIs involving public and private
sectors, communities and individuals in the implementation of SSWRDSP. The
Project is consistent with the National Water Policy that has defined the role of the
LGIs and given the mandate of implementing FCDI projects having command areas
of 1,000 ha or less.
Participatory approaches
The primary objective of the participatory water management in the SSWRDSP is
to intensify land use and increase in agricultural and fisheries production,
employment opportunities and income for rural people. The increase in on-farm
activities are to be achieved by removing constraints associated with water resources
use. This involves controlled flooding, drainage improvement, floodwater
conservation, and irrigation command area development at the union (lowest
administrative unit of the LGI comprising several villages) level. The sustainability
is to be ensured by establishing stakeholder-driven water management.
Components
The participatory water management in each subproject consists of three components:
(i)

Beneficiary Participation and WMA Development: Mobilizing beneficiaries
to participate in the selection, design, implementation and O&M of SSWR
development system through LGIs and NGOs.

(ii) Construction of SSWR Management Systems: Intended for flood control,
drainage improvement, water conservation and command area
development. This includes agricultural development through appropriate
agricultural extension activities, landless access to public water bodies to
increase fish production, and environmental monitoring.
(iii) Institutional Strengthening for SSWR Development: Focused on capacity
building of relevant stakeholder organizations, including LGED at the
national, zila (district) and upazila (sub-district) levels and key governmental
organizations at union and sub-district levels to ensure adequate support
for SSWR development.
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Participatory Process
The overall participatory process in subproject development adopted by the LGED
is a combination of two parallel but interrelated processes: one that addresses
“Institutional” matters, and the other that addresses “Technical” matters. The
institutional matters include subprojects identification by the local people and
submission through LGIs, analysis to establish social and environmental acceptability,
formation and registration of WMA, and preparation of O&M, agriculture, fisheries
and resources mobilization plans. The technical matters include development of
information database, subproject processing, analysis to establish technical and
economic feasibility, preliminary design, detailed design, contractual process,
construction and one year trial operation. The whole cycle of subproject development
process is sub-divided into three stages.
Stage 1: Identification and Feasibility
In consultation with local stakeholders, the union parishad (council) as the lowest
unit of LGI initiates subproject proposal. The LGED Sub-district Engineer submits
it to the Sub-district Development Coordination Committee for approval. If
approved, the proposal is forwarded to the Project Management Office (PMO)
through the LGED Executive Engineer at the district level. The PMO pre-screens the
proposal during a multidisciplinary field reconnaissance. This is followed by (i)
Participatory Rural Appraisal (PRA) and (ii) feasibility study. Each subproject is
reviewed and approved by District Level Inter-Agency Project Evaluation Committee
(DLIAPEC).
Stage 2: Design and Institutional Establishment
Subproject design is prepared and the process of establishing WMA is initiated
under the legal framework of the Cooperative Societies Act. Contracted NGO
facilitator creates awareness, generates local enthusiasm in the local water resource
systems, promote membership enrolment, assist in collection of beneficiary
contributions, and conflict resolution. The WMA is registered with the Department
of Cooperatives (DOC) and becomes Water Management Cooperative Association
(WMCA). The PMO undertakes engineering design work in consultation with
stakeholders and discusses for their approval. This process culminates in the signing
of a formal implementation agreement by the WMCA, union council and LGED
Executive Engineer at district level before tendering for the works or contracting
labor societies. To sign the implementation agreement, the WMCA must have
achieved enrolment of at least 70% of beneficiary households, collection of
beneficiary contributions equivalent to an annual O&M requirement and deposited
in a joint account by LGED and the WMCA, and approved plans in consultation
with people-affected by the environmental mitigation and resettlement.
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Stage 3: Construction and First Year O&M
Subproject infrastructure is handed-over to the WMCA one year after completion.
The WMCA forms O&M sub-committee and prepares schedule, beneficiary list and
maps, and plan comprising operating guidelines, and maintenance and resource
mobilization plans. The PMO provides on-the-job training that helps WMCA to (i)
undertake annual inspection, (ii) identify maintenance needs, (iii) prepare and
implement annual O&M plan, and (iv) collect O&M fees. After this, the WMCA
enters into a formal lease agreement with LGED. The WMCA receives support of
agricultural extension and fisheries departments to prepare agriculture and fisheries
development plans and to organize trainings and demonstrations for WMCA
representatives who work as liaison extensionists to the subproject beneficiaries.
Role of LGED
LGED established itself as an agency capable of developing the skills required to
manage the implementation of stakeholder-driven water management projects and
demonstrated its capability to effectively cooperate with other government service
delivery agencies. The PMO, established at LGED head quarter, is the responsibility
centre for coordinating and directing Project implementation activities. LGED has
created the Integrated Water Management (IWRM) Unit to monitor subprojects
O&M. The IWRM Unit, PMO and LGED office at district and sub-district levels
support stakeholder participation throughout the subproject development process
as follows.
LGED: Headed by Chief Engineer, provides administrative support and technical
assistance to LGIs through IWRM Unit and PMO at LGED headquarter and district
and sub-district offices to ensure the proper engineering design and an acceptable
standard of physical works.
IWRM Unit: It is responsible for LGED’s activities in the water sector, specifically
policy matters, interaction and coordination with external agencies and departments,
planning new projects, overseeing implementation of water resources investments
and providing long-term support to completed projects. Superintending Engineer
heads the IWRM Unit. He is supported by multidisciplinary professionals.
PMO: Major responsibilities of the PMO are prescreening and reconnaissance field
visits to proposed subprojects, instructs sub-district Engineers to initiate detailed
data collection for appraisal and simultaneously organizes PRA when a proposed
subproject passes reconnaissance, contracts private local firms to conduct feasibility,
prepare appraisal report, collect data for engineering design and prepare the
detailed design for the feasible subproject. PMO monitors progress on all aspects
of the subproject cycle. It has a design cell and a Quality Assurance Unit. Project
Director heads the PMO. He is supported by multidisciplinary professionals.
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District Offices: LGED Executive Engineer at district levels has a direct role in the
Project acting as Subprojects Manager. Project provides him multidisciplinary staff
to review of subproject proposals and forward them to PMO. He is responsible for
monitoring and supporting the activities of contracted engineering firms and NGOs,
holding district level meetings to evaluate the proposed subprojects, coordination
with district offices of other departments to ensure that proposed subprojects are
in line with the Flood Action Plan regional strategy, signing mitigation plan and
implementation agreement, monitor subproject implementation and construction
activities, transferring completed subproject facilities to WMCAs for O&M and
coordinating annual effect monitoring and maintenance.
Sub-District Offices: LGED’s Sub-district Engineers directly responsible for the
water sector activities with support by multidisciplinary staff. Their responsibilities
include identifying subprojects through the local stakeholders and union council,
field visits to the proposed subprojects, presenting subproject proposal to Subdistrict Development Coordination Committee for approval and forwarding to
LGED district office, assisting in proposed subprojects screening, PRA and feasibility
and managing NGO Facilitators works. He also assists district Executive Engineer
in land acquisition process for resettlement, selecting sites for hydraulic structures
and embankment alignment through the local stakeholders, organizing, contracting
and training of labor contracting societies with NGOs support, supervising
implementation of mitigation plan to compensate affected persons and construction
and earthworks, preparing and implementing O&M plans and other activities.
Water Resources Development
LGED has implemented 280 subprojects under the first phase of the Project (SSRDSP1) during 1995 to 2002. Each subproject benefits 1,000 ha or less area where the
productivity of land was low due to unmanaged water resources and number of
marginal, small and landless farmers was higher. The 280 subprojects developed
SSWR at union levels benefiting 165,000 ha of cultivated land. LGED implements
300 more subprojects since July 2002 under the second phase of the Project
(SSWRDSP-2) to benefit 180,000 ha throughout the country. The following
discussion on the water management activities is based on the experience in the
subprojects implemented under SSWRDSP-1.
In 280 subprojects, 613 hydraulic structures (regulators, sluices, water retention
structures, culverts, siphons, and aqueducts), 945 km of embankment and 3.56 km
of irrigation canal have been constructed and 1,162 km of drainage channel has been
re-excavated. Based on the use of these infrastructures for water management, the
subprojects can be categorized into command area development (CAD), drainage
and water retention (DWR), flood control and drainage (FCD) and flood control,
drainage and irrigation (FCDI) type (Table 1). The subprojects cover about 209,787
ha and benefit 164,889 ha of cultivated land. Of the total subprojects, more than twothirds control flood and improve drainage covering 66.1% of the cultivated land.
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The remainders benefit 34.0% cultivated land through irrigation development with
or without flood control and drainage.
Table 1. Water Resources Development Benefit Area
Sub-project
Type

No.

Area

Infrastructures

Gross
(ha)

Stakeholders Participation
LGED has brought various local stakeholders including all types of farmers together
in subproject O&M. The WMCA established at each subproject plays a fundamental
role to functionally represent beneficiaries in all processes of the subproject cycle.
The stakeholders’ participation includes the following institutional and O&M
activities in the subprojects areas.
a.

Institutional Activities

The institutional activities include membership enrollment, holding of meetings,
capital development and use and collection of beneficiaries contribution to O&M
fund. These are monitored quarterly though upazila level Community Organizers
and district level Socio-economist. WMCAs progress on institutional activities and
their capability development in 280 subproject areas as monitored in March 2006
are as follow.
Membership: The WMCAs provide an excellent means to address the needs of a
range of special interests. The membership in 280 WMCAs consists of 81,501 males
and 26,200 females from an estimated total of 142,541 households. Average
membership covers about three-forth of the total households. The members include
marginal, small, medium and large farmers; landless; women and fishers. Women
comprised one-third of the management committee of each of the WMCAs and about
25% of the total membership.
Capital: These WMCAs have established a capital base in all subprojects through
shares and savings by the members. In 280 subprojects, the capital reached Taka 33
million (US$0.5 million). The capital is being used to support micro-credit,
procurement of agricultural inputs, and other small-scale business enterprises
operated by the individual WMCA. The WMCAs have set up micro-credit programs
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and have loaned to 13,572 male and 6,535 female members. The average size of each
loan is about Taka 1,600 (US24). Since the capital formation the cumulative
investments of the WMCAs accrued to Taka 50.1 million (US$0.8 million). The
Department of Cooperatives inspects and audits the accounts of the WMCAs. The
WMCA members have increased their income with investment of micro-credit on
quality seed production, poultry farming, milking cow, beef fattening, vegetable
production, aquaculture and seasonal crop storage,

LGED meeting at a community center in Bangladesh

Capability Development: The WMCAs members are provided with training to
increase their capability in institutional management, capital formation, credit
management, agricultural and fisheries production planning, environmental
management and subproject O&M. Relevant departments and institutes support the
project in training need assessments and organization. LGED has signed memorandum
of understanding with the Departments of Cooperatives, Agricultural Extension,
Women Affairs, Fisheries and Livestock Service and Ministry of Land to support
the subproject beneficiaries. They support WMCAs in institutional strengthening,
financial management, use of water bodies, preparation and implementation of
agricultural and fisheries production plans and adoption of improved farm
practices.
b.

O&M Activities

The WMCAs prepare annual O&M plans and budget and mobilize local resources
for the O&M costs. Each WMCA collects annual O&M fund from the farmers at the
rate of 3.0% and 1.5% of the total cost for the subproject earthworks and hydraulic

Report of Task Force for Least Developed Countries in Asia

79

structures, respectively. In 2004-2005, the WMCA O&M budget amounted to Taka
3.41 million (US$43,500) and fund utilization was Taka 1.46 million (US$21,000) in
280 subprojects. The O&M fund included voluntary labor contribution.
Impacts
Crop production: Participatory water resources management has generated local
enthusiasm for each water resource system. Farmers access to information and their
influence on the subproject O&M have increased. This has created opportunity to
expand cropped area and increase cropping intensity. Improved water management
by the beneficiaries has also resulted in the diversification of crop with the increase
in cereal and non-cereal crop area. According to the effect monitoring of 280
subprojects in 2004, the annual cereal production has increased by 242,000 tons and
non-cereal production by 157,000 tons. Increase in cereal production is c 9 sTly80
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PROCESS OF WMA: A CASE STUDY
The following case study demonstrates the process of organizing WMA at local level
for water resources management. The case study was carried out in Agrani
subproject implemented by LGED under the SSWRDSP-1 in the northwest region
of the country.
Agrani Subproject
This subproject covers a gross area of 685 ha on the right bank of the Mahananda
River between latitude 24°34’and 24°37’ North and longitude 88°17’ and 88°20’ East.
It is located in the Zhilim union of Nawabganj Sadar sub-district in Chapai
Nawabganj District. Mean annual rainfall in this district is about 1,300 mm. Net
cultivated land in the Agrani subproject covers 557 ha. Soils are poorly drained in
the rainy season and become very dry in the dry season. These soils are suited for
rice cultivation with irrigation. Cultivation of transplanted boro (winter) rice with
irrigation in the dry season is the predominant landuse. Productivity of the boro
rice has grown fastest with the use of modern inputs. Fertilizer responsive modern
varieties have adapted to those lands having good irrigation systems. The crop
environment during the dry season is favorable for high solar radiation and
evapotranspiration rate, low temperature, and wide variation in day and night
temperature. Transplanted aman rice is also grown under the rainfed condition in
the monsoon season. However, flooding during the monsoon and drought during
the late monsoon season reduce yields.
The Mahananda River: The Mahananda meets the Ganges in the northwest region
of Bangladesh (Garrett, 1910; Islam, 1978; BWDB, 1988 and Rashid, 1991). The
barrage across the River in the West Bengal State of India, divert maximum flows
through the main canals for fulfilling irrigation and hydropower requirements
(Majumder, 2005). The barrage also regulates flood flows. The conveyance and
distribution systems are designed on the basis of peak irrigation requirements in
the post-monsoon period. The use of the Mahananda River flow is even limited to
fulfilling the agreed share of the neighboring Bihar state in India. As a lower riparian
country, Bangladesh is largely dependent on transboundary rivers for the
management of its water resources. In recent years, increase rice production on the
Mahananda River basin indicates that irrigation demands could exceed the water
availability in the river. Moreover, water shortages are often compounded by
inefficient uses.
Pre-Subproject Situation: The irrigated area covered 44.2% of the net cultivated or
potential irrigable area. The subproject area is elevated and pumping up water for
irrigation from the Mahananda River on the northwest involves a high lift. In the
past, flow in the Mahananda River was adequate to meet the irrigation requirements.
However, unilateral withdrawal of water by India upstream reduced the flow in the
dry season since 1980s. During the period of April-May when irrigation requirement
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reached peak, 80% dependable water level was found to be 12.5 m in some years.
The level was not sufficient to pumping from the shore with full capacity. The
concern grew stronger as frequent drought in the post-monsoon season required
supplementary irrigation. This led to efficient use of water on irrigated land.
Techniques available for irrigation included practices such as lifting water from the
Mahananda River to provide water on adjacent lands directly by 300 m brick-lined
canal and to conserve in a manmade reservoir for second lifting using low-lift
pumps (LLPs) to irrigate crop on distant highlands through 1,500 m earthen canal.
The double-lifting irrigated lands covered 65% of the total irrigation area. Irrigation
was uneconomical in the double lifting lands for high operation cost, inadequate
section of the earthen canal and excess water loss. However, farmers had no choice
because rice production in the monsoon season was uncertain both for flooding and
drought. There was little incentive for these farmers for high irrigation costs and
low production. Moreover, farmers were more concerned with poor credit
availability, which made it difficult to procure quality seeds, fertilizers and other
inputs. Since water was irrigated through earthen canals, farmers were worried
about water shortage during the peak season, decrease in water level in the
reservoir and low flow in the Mahananda River. The local people had no idea how
to solve the problem.
Organization to deal with the problem was initiated by local people interested for
water management. A committee was formed with representative from the farmers
on highlands and lowlands from adjoining and distant areas. The committee in
consultation with the union council, agricultural extension agent and community
leaders familiar with local water resources approached government departments for
intervention. Simultaneously, the committee attempted to improve water
management. They focused on the inadequate water availability, water losses, low
coverage and high irrigation costs. The strategy of the committee was to reduce
irrigation cost with more area under irrigation using the available water resources.
The committee actively tried to achieve these. Expansion of existing command area
through level fields, earthen canals, rotational irrigation and other appropriate
methods was attempted. The committee rented a floating pump with 12.5 cusec
capacity. With this total irrigation capacity of the pumps reached to 27.5 cusec. The
floating pump helped to lift water with full capacity throughout the year. However,
damage of the brick-lined canal, second lifting and distribution of water by earthen
canal would still cost irrigation high. Moreover, irrigation water demand in the dry
season by the boro rice growers was difficult to meet for the inadequate conveyance
capacity of the damaged canals.
Subproject Construction: In 1996, the committee approached LGED district office
at Chapai Nawabganj through their union council to improve irrigation facilities and
increase area under irrigation. The subproject was reviewed and approved by the
sub-district and district level committees. The subproject beneficiaries deposited
10% of the construction cost to the LGED district office as required for subproject
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construction. The SSWRDSP-1 design called for beneficiaries to contribute to capital
costs at a rate that was approximately equivalent to one years O&M. The beneficiary
contribution was collected prior to signing the implementation agreement.
According to total households along with the amount of land they own within the
subproject area were identified and listed. The beneficiary contribution was then
collected on the basis of the land owned by the individual beneficiaries and
deposited to a bank account opened by LGED. It was later credited to the subproject
for construction of the physical works. A feasibility study was carried out by the
LGED. Design of irrigation water distribution was initiated after the subproject was
found to be feasible. The subproject construction started in 1996. The physical works
included 4,055 m main lined canal, 750 m branch lined canals, two siphons, three
aqueducts, one sluice and four culverts. The construction required Taka 22.6 million
(US$0.42 million).
Beneficiaries Organization: The LGED Socio-economist at district and Community
Organizer at sub-district offices brought local stakeholders together with the
formation of a WMA in the subproject area. An NGO Facilitator was employed in
subproject area to organize the local stakeholders and strengthen the WMA. It was
registered to Department of Cooperative in 1997 and called as Agrani subproject
WMCA. The WMCA members included the people who benefited directly or
indirectly by the irrigation in the subproject area. The WMCA has now 855 members
including 186 women from 62% of 1,379 households in the subproject area. It has
developed own capital with shares and savings by the members. The capital now
reached Taka 233,290 (US$3,500). The WMCA has introduced micro-credit program.
It disbursed Taka 1.1 million (US$16,000) among 415 male and 64 female loan
receivers in 2005.
Subproject Benefit: The subproject construction works completed in 1998 and
operation started in the dry season of the following year. The irrigation area
increased from 246 ha to 537 ha occupying 96.4% of the net cultivated area in 2005.
This required to increase pump capacity to 43 cusec (1.14 cumec). Single lifting area
now covers most of the irrigation area and double lifting is rarely practiced. The
subproject reduced irrigation expenditures which include electricity, diesel, anal
repairing and new pump procurement costs and staff salary (Figure 1). Occasional
rainfall in the late dry or early pre-monsoon season further reduces expenditures
as in 2001. The water users now pay 16% less for irrigation to their lands compared
with that required during the pre-subproject period. The WMCA plans to expand
irrigation area with the increase in canal lengths using the excess fees. Accordingly,
irrigation fees are collected at higher rate than the actual expenditures.
Single lifting now helps more farmers obtain higher income from irrigated crops.
Moreover, low irrigation cost enables farmers to use inputs at recommended rate
and increase output per unit area. In a field study in 1999, it was observed that Taka
29,280 (US$540) was required to produce HYV boro rice crop per ha in double lifting
irrigation area (Figure 2). The production cost for the same crop was Taka 26,680
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Figure 1. Changes in per ha irrigation expenditures and fees (dry season)

PER HECTARE CROP PRODUCTION COST IN IRRIGATED BORO (WINTER) RICE PRODUCTION
Double Lifting Area

Single Lifting Area

Material Input
Taka 6,575

Material Input
Taka 7,805

Labour
Taka 11,340

Labour
Taka 12,180

Drought Animal
Taka 2,100

Drought Animal
Taka 2,580

Irrigation
Taka 8,890

Irrigation
Taka 3,740

Others
Taka 375

Other
Taka 375
Net Saving Taka 2,600

Rice Yield
5.5 ton/ha

Rice Yield
6.2 ton/ha

Figure 2. Impact of reduced irrigation cost on the input uses and yield level. Broken
line shows use of the surplus money available for the reduction of
irrigation cost. (1Taka=US$0.17)
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(US$490) per ha in single lifting irrigation area. The irrigation charge accounted for
30.4% of the crop production cost in the double lifting area and 14.0% in the single
lifting area.
LGED entered into a formal lease agreement with WMCA to take full responsibility
for the O&M of the irrigation system. The purpose was to ensure that sufficient
ownership of subproject infrastructure had been established and to create a basis
on which the O&M responsibilities would become that of the local stakeholders. The
lease agreement was signed in 1999, one year after physical construction had been
completed to allow for a trial O&M period during which defects were identified
and rectified. LGED managed staff, local stakeholders and union council members
received training under the capacity building program to establish and nurture
WMCAs that have the capability and the interest to undertake long-term and
sustainable O&M of the irrigation infrastructures. The WMCA management
committee prepares annual O&M plan and budget and mobilizes local resources for
the O&M costs. The agricultural sub-committee prepares and implements annual
crop production and water distribution plans. The O&M sub-committee is
responsible for the implementation of annual plan and collection and utilization of
O&M funds. Annual O&M fund collection was Taka 400,000 (US$6,100) in 2005.
LGED delivers comprehensive training programs with improved training materials
to WMCA management committee, agricultural and O&M sub-committees and
general members including beneficiary farmers.
Field study in 2005 showed that about 66.4% of the rice growing area was provided
with supplementary irrigation in the monsoon season and 35.2% in the pre-monsoon
season. Annual cropped area has increased by 278 ha and crop intensity by 50%.
LGED supports subproject beneficiaries to adopt improved farm practices through
on-farm training and demonstrations by the Department of Agricultural Extension.
Field level extension workers of the Department of Agricultural Extension support
WMCA in preparing and implementing annual crop production plan and
monitoring of irrigation water uses. The irrigation development with the application
of improved farm practices and use of high-yielding modern varieties contributes
to increase rice production. Area under modern rice varieties increases in the
monsoon season for the supplementary irrigation and in the winter season for the
improvement of conveyance capacity of the canals. The irrigation also contributed
to increase average rice yield levels by 2.1 ton/ha. Crop production is now more
diversified with 41.0% of the total crop area under non-cereal compared to 18%
during the pre-subproject period. Annual cereal production increased from 2,065
tons to 3,215 tons. The non-cereal production increased to 3,220 tons from 375 tons.
The number of farm households now use irrigation water is 2,260 compared to 1,389
during the pre-subproject period. The increased crop production provides additional
employment opportunity. Irrigation development has doubled the farm labour wage
rate. The subproject is now well-known as ‘Biswa Khal’ (universal canal).
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CONCLUSION
Involving local stakeholders thorough WMAs in water management is advantageous
for three reasons. First, WMAs as local organizations are effective in generating and
securing compliance with rules for the use of water which is a common property.
Second, WMAs involve local stakeholders in the development of effective water
management practices. Third, devolution of responsibilities to the WMAs externalizes
O&M expenditures to local communities from the government fund and reduces
overall crop production costs by creating conditions in which cooperative,
agricultural and other supporting agencies become more efficient and effective
through collaboration with beneficiaries.
The WMAs regulate water uses, provide a forum for resolving conflicts among local
stakeholders and provide a channel for the representation of on-site and off-site
stakeholders groups in the negotiation of water resource use. WMAs mobilize and
deploy significant resources, both in cash and kinds that are needed to implement
sustainable water resources management. The special nature of WMAs are that they
provide a basis for collective actions, which include building consensus about water
use problems and needed solutions, seeking and disseminating information about
these, coordinating actions, designating rights and responsibilities as well as
ensuring accountability. According to Cernea (1993) and Uphoff (1992), selforganizing groups for common property uses management are only one subset of
the local organizations that use water resources and form the tapestry of local
institutional arrangement. In the subprojects of SSWRDSP, the WMCAs define rules
in water resources management and O&M of infrastructures for individuals or
groups. Such as monitoring state of water control structures, irrigation and drainage
canals, water level, water use benefits and O&M fund collection. Such roles involve
applying sanctions for noncompliance with the locally defined rules for water
management.
Cernea (1987) found in a study of 25 agricultural projects several years after
completion that those which had made an effort to build local organizations such
as water user associations, had been able to sustain high rates of return. On the other
hand, projects without local organizations had 5-10 times lower rate of return than
anticipated. The WMAs that build experience in working together in the subprojects
of SSWRDSP is an important ingredient in the capacity of local stakeholders to
manage their affairs successfully without dependence on outside agencies.
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4. Introduction of Practical Technologies
for Minor Irrigation Schemes
Hideyuki Kanamori1

ABSTRACT
This paper aims at introducing low cost practical technologies for minor irrigation
schemes and a real case of applying them. Comparing results of seven Least
Developed Countries (LDCs) in Asia with Thailand on water resource and irrigation
indicate two requirements of developing irrigation infrastructures, i.e. (1) technologies
for gravity irrigation and pump irrigation, and (2) technologies applicable and
managerial for farmers. Satisfying these requirements, simple and low cost
technologies are introduced on weir construction, canal alignment and irrigation
pumps. Weir construction with only local materials, a simple canal alignment
method without survey instruments and pumps without fuel are introduced. Then
a study project applying these technologies in Malawi is described. The study
objectives were to establish a package of methodologies for self-help smallholder
irrigation development, and to enhance technical and administrative capacity for
developing gravity irrigation schemes. For the no currency requirement, simple
application and efficient training, these technologies were quickly disseminated and
farmers’ capacity was quickly developed. Total about 1,000 hectares of irrigation
could be realized in two years by farmers’ self-help efforts, as the result.

INTRODUCTION
Total eight Least Developed Countries (LDCs) are included in Asia according to the
area definition of Asia made by Ministry of Foreign Affairs of Japan (2005). Out of
the seven, Maldives is excluded due to the smallness of agricultural sector; only 29%
of the population is employed in agricultural sector in 1996 according to FAO
AQUASTAT. Seven LDCs are thus discussed here, namely Cambodia, Myanmar,
Laos PDR, Bangladesh, Nepal, Bhutan and East Timor. In order to analyze
development issues and opportunities of the seven LDCs, a comparison with a
Lower Middle Income Country, Thailand is also included.
From the view point of sustainability, minor irrigation schemes are suited for LDCs
in consideration of financial constraints of the governments and smallholder
farmers. The minor scheme is defined here as a scheme having simple irrigation
infrastructures whose installation costs are affordable for the smallholder farmers
without government financial subsidy. Low cost technologies are required for
1

Regional Project Formulation Advisor, Regional Support Office for Asia of Japan International
Cooperation Agency.
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installing the infrastructures. These technologies are, however, not introduced
popularly with their high performance in a real project. There was a minor scheme
development project with capacity development of farmers, which was conducted
by Japan International Cooperation Agency (JICA). The main technologies of
infrastructure development were applied from Japan although the project was
implemented in Malawi of Africa. This paper introduces these technologies on
gravity irrigation. Since pumping irrigation is also required in LDCs, low cost
pumps are introduced here citing from Thailand. This paper, therefore, aims at
introducing low cost technologies for minor schemes with a real case of applying
them.

REQUIREMENTS OF PRACTICAL
IRRIGATION SCHEMES IN LDCs

TECHNOLOGIES

FOR

Outline, water resource and irrigation conditions of the LDCs are summarized in
Table 1. The low irrigation ratios indicate big irrigation development needs. Three
technical requirements can be identified for irrigation development. The first
requirement is technologies of increasing irrigation facilities. The smallness of
irrigation ratios in Table 1 indicates the first requirement. The second requirement
is development of gravity irrigation. The fact that 74% to 100% of irrigation applies
surface water resource in five LDCs indicates high development opportunity of
gravity irrigation. The third requirement is development of pump irrigation. The
fact that 15% and 83% of power irrigated area ratios of Laos PDR and Bangladesh
indicates requirement of pump irrigation development. The other five LDCs’
percentages in Table 1 are smaller than the percentage of Thailand; this smallness
indicates feasibility of pump irrigation development for these five LDCs.
Change of the technical traits and project base of 13 JICA technical cooperation
projects is shown with the economical development level indicated by GNI/capita
in Table 2. The word “Pilot site” in Table 2 means that project is carried out in village
fields and the word “Center” means in a building. The project with a center is carried
out to develop a specific technology and disseminate it. Three technical requirements
are identified in studying ten projects (Pro.No.1 to 10) that were commenced at the
economical stage of Low Income Country (LIC) whose GNI/capita is less than
US$745. The first requirement is technologies applicable in fields. Total seven
projects out of 10 were/are implemented in fields. The second requirement is
applying technologies for improving water management and developing
infrastructures. Six projects out of 10 were/are carried out for engineering assistance
of water management and the remaining four were/are for infrastructure development.
The third requirement is applying technologies by farmers. According to the above
pilot intensive implementation and the fact that five projects were/are jointly carried
out by farming and engineering, projects are/were carried out for disseminating the
technologies of direct application by farmers.

Outline

Item

13.61
35004

(US$)2

NA
5.1

Per cent of power irrigated
area (%)3

Irrigation ration (%)

15.1

4

95

1582

2091

50

7294

44004

42.91

678.500

Myanmar

9.2

15

100

155

1834

133

8594

39004

6.22

236.800

Laos PDR

43.0

83

31

3751

2666

139

5796

44004

144.32

144.000

Bangladesh

Nepal

27.2

NA

74

1134

1500

7.1

2

100

39

2200

134

9496

9396 or
more
136

76004

2.23

47.000

Bhutan

26004

27.68

140.000

31.2

NA

NA

NA

NA

140

NA

55004

1.04

15.007

East Timor

Superscript numbers of items show the source number below, and the numbers of data show cited years.
Irrigation related data except irrigation ratio are those from 1993 to 1997.
Irrigation ratio is commuted from total agricultural area and irrigated land area in 1998 cited from FAOSTAT and World Fact Book respectively.

100

Per cent of irrigation from surface
water resource (%)3

Mean annual rainfall (mm/yr)3
270

130
1904

HDI rank4

Area equipped for irrigation
(1000 ha)3

7394

Agricultural sector share (%)
of labour force3

GNI per capita

Population

181.040

Cambodia

(million)1

Area1 (sq. km)

Source: 1. The World Fact Book, 2. World Bank, 3. FAO AQUASTAT, 4. Human Resource Development Reports.

Note:

Water Resourace and
Irrigation

Table 1. Water resource and irrigation of LDCs with country outlines
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The Modernization of Water Management System
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GNI/capita is the amount at starting the project except the case of showing superscript numbers that show the year in case that the year of
GNI is different from the project starting year
“Infra” means infrastructure related technology, and “WM” means water management related technology

The Irrigation Engineering Center Project
The Irrigation Engineering Center Project Phase II

11
12

Source: JICA reports

Note:

Thailand

9

East Timor
The Irrigated Agriculture Development Project

8

Nepal

Project de Development Agricole de la Zone de
The Ngon
The Agricultural and Rural Development Project in
Vientiane Province (Phase 1 & 2)
Rural Development Engineering Center (RDEC)
Setting-up Project
The Janakpur Zone Agricultural Development
Project
The Irrigation and Rice Cultivation Project in
Manatuto (IRCP)

Irrigation Technology Center Phase II

The Project for Technical Service Center for
Irrigation System
The Project for Technical Service Center for
Irrigation System Phase II
Irrigation Technology Center

Project Name

10

7

6

5

4

3

2

1

Pro. No.

Bangladesh

Laos PDR

Myanmar

Cambodia

Country

Table 2. Change of JICA technical cooperation projects with GNI/capita
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In summary, introducing technologies of developing irrigation infrastructures for
LDCs should satisfy two requirements, i.e. (1) technologies for gravity irrigation and
pump irrigation, and (2) technologies directly applicable and manageable for
farmers. The second requirement suggests that the technology should be simple
enough for farmers to apply. In addition, the technology should be low in cost
according to the definition of minor schemes. These simple and low cost
technologies are introduced below.

PRACTICAL TECHNOLOGIES FOR MINOR IRRIGATION SCHEMES
Gravity irrigation
For gravity irrigation, minimum required technologies are constructing weirs and
canals. On weirs, although gabions with stones are popularly applied in LDCs, if
a more simple type of weirs can be applied with locally available materials such as
bamboos/logs, etc., the costs and laborers can be economized. Table 3 introduces
weirs that were applied in JICA pilot projects in Malawi. For the simple construction
and local material application, farmers can install these weirs without any cost.
Canal construction requires excavation and alignment. Since farmers are familiar
with excavation from cultivation works, the alignment is the issue for canal
installation. Valuable survey instruments with sophisticated technology are usually
required. A simple alternative alignment technology was developed. It uses a Line
Level that can be hung on a string to check the horizontal. The cost of Line Level
is about US$3.00. For aligning canal, two poles are put being tied with a string 5m
long (see Figure 1). One side of the tied points should be 0.5cm/1.0cm lower than
the other. The pole with lower tied point should always be placed backsight. By
fixing the backsight-pole stand point and changing the stand point of the foresightpole to have the horizontal of the string with the Level, 0.5cm/1.0cm difference in
5m can be obtained between the two points. Repeating this action from upstream
to downstream, 1:1000/1:500 gradient alignments can be realized without surveying
instruments.
Pump irrigation
For pumping irrigation in LDCs, Hand pump and Treadle pump are popularly
applied for minor schemes in LDCs. The Hand pump irrigates 0.1 to 0.2 hectare in
Bangladesh (Nawa, 1982) and Treadle pump irrigates 0.5 hectare at 5000 liters/hr
according to a company website in India. Royal Irrigation Department (RID) of
Thailand provides water turbine pumps as shown in Table 4. No fuel is required
to operate these turbine pumps although purchasing costs are required.
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Table 3.

Description of dams/division weirs applying local materials in a JICA
Malawi project

N o.

N am e and illustration
D escription
Scale of a realcase
B rush dam :Inclined w alltype This type supports the w eir against A realcase has the
w ater pressure w ith tw o logs installed follow ing dim ensions.
horizontally and vertically at the
-Length of the w eir:3.7m
diversion point of the stream .The
-H eight of the w eir:1.0m
scale depends on the length of the
-D epth of tapped
log,and it can not be applied for very
w ater:0.75m
w ide stream .M aterials are a log,
1
bam boo/tw igs (8 to 20 nos per 1
m eter w idth of the dam ),grasses,
clay soilto patch on the grasses,
ordinary soilto patch on the clay soil
patched on the grass,log to support
the brush dam and creeper to the
bam boo/tw igs to the log.
B rash dam :V erticalw alltype This type supports the w eir against A realcase has the
the w ater pressure w ith poles driven follow ing dim ensions.
-Length of the w eir:5.5m
into the stream bed.M aterials are
log/bam boo/tw igs,grasses to w eave -H eight of the w eir:0.7m
-D epth of tapped
and clay soilto patch in front of
w ater:0.45m
fence.In case of 5.5m long of the
2
stream w idth,about 20 w ooden poles
w ere piled w ith 0.2 to 0.3m of
interval.The poles w ere driven into
the ground at a depth of 0.3m below
the bed.
B rash dam :V erticalw alltype The supporting m echanism of this
A realcase has the
having double lines
type is sam e as the above type.For follow ing dim ensions.
-Length of the w eir:13.5m
the double lines,w ater stopping
function is stronger than the above -H eight of the w eir:0.95m
-D epth of tapped
type.M aterials are logs/bam boos/
3
tw igs,grasses,clay soiland ordinal w ater:0.85m
soil.The logs/bam boos/ tw igs are
installed w ith about 0.3m of interval.

This type supports the w eir against
the w ater pressure w ith a standing
structure called "trigonalprop"
("U shiw aku" in Japanese) that is
assem bled w ith bam boos or logs as
show n in the illustration.In the real
case show n in the right colum n,each
m em ber w as cut w ith a length of
4
1.3m for 0.5m of tapping w ater depth
design.The diam eter of logs/
bam boos for the trigonalprop is
around 7cm to 10cm each.The front
of this structure,nam ely the
upstream side,has an inclination to
act as stand for the fence m ade of
grasses and to put clay soilon the
D iversion w eir w ith rock and This type supports the w eir against
the w ater pressure w ith w eight of
clay
stones that are bonded w ith clay
soils.The clay acts as m ortar.For
reinforcem ent,w ooden bars are used
5
to support the stone w eir body (see
the illustration) according to site
condition.
B rash dam supported by
trigonalprop (U shiw aku)

Source:Sanyu C onsultants Inc.(2005)

A realcase has the
follow ing dim ensions.
-Length of the w eir:8.0m
-H eight of the w eir:0.8m
-D epth of tapped w ater:
0.55m
The length of 20m w as
realized in another case.It
is how ever not
recom m ended to store
w ater nearly about 2m or
m ore due to the risk of
farm ers during
construction.
A realcase has the
follow ing dim ensions.
-Length of the w eir:7.0m
-H eight of w ater:0.35m
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Description of water turbine pumps available in Royal Irrigation
Department in Thailand

N o. N am e and illustration
(W ater flow hydro
pum p-1)
Sling pum p (C oil
pum p)
1

(W ater flow hydro
pum p-2)
W ater w heelhydro
pum p
2

Pum p
D escription
R equirem ents
head
This pum p is installed in the river or canal; The best
river flow
a half volum e of the pum p shallbe
subm erged.The pum p consists of p.e.coil velocity is
0.65 m /sec.
pipe inside the pum p case and w ater
8m
blades installed on the top of pum p case.
The pum p is rotated by w ater flow ;coils
are rotated according to w ater blades;
w ater input to coil-1,coil-2,coil-3 EEE;
and pum ping to usage area.
This pum p is installed in the river or canal. The river
flow velocity
The pum p consists of w ater w heelunit
w ith flat blades at the end (flat blades are (V ) should be
30m
subm erge 50cm ).The blades are rotated 1m /sec or
by w ater flow ;the pow er created from the m ore.
rotation is transferred to the reciprocating
pum p by chain sprocket and pulley belt to
pum p w ater to usage area.

P rice/unit

U S$256 to
500 (10,000
to 20,000
B aht)

U S$2560
to 5000
(100,000 to
200,000
B aht)

P um p capacity of a real
case.
N o data because this
pum p is installed at only a
few sites.

For a type having w heel
size of 2m in diam eter and
1.2m in w idth for 1m /sec
of river velocity,the
follow ing perform ance is
show n in a book.
Pum p
Intake
head (h)
L/sec
6 to 7m
2.22
8 to 11m
1.39
30-38
0.42
A type called
R IM 2x3/4H D has the
follow ing capability.
Pum p
Intake
head (h),m
L/sec
0.53
5
0.31
10

This pum p is installed at reservoir or drop The turbine
structure.It consists of drive pipe w ith a head (H )
w aste valve,an air cham ber w ith a
should be
discharge valve and delivery pipe.These m ore than
valves are non-turn valves.W hen the
2m .
w aste valve is suddenly closed,during that
w ater flow s through the drive pipe and
escapes through the w aste valve,the
w ater is com pressed.The com pressed
10 x M inim um
w ater then surges into the air cham ber,
3
turbine U S$2550
and com presses air.Then the air rebounds
head (10,000B )
and com presses the w ater.For the nonreturn trait,the discharge valve is closed
and the com pressed w ater escapes to
the delivery pipe.The closing causes a
slight vacuum in the delivery pipe,allow ing
the w aste valve to re-open.A s the w aste
valve is closed suddenly due to the flow
pressure,a new cycle is initialized.
A type of C oaxialw ater
This pum p is installed at reservoir,w eir or The turbine
(V ertically installed
turbine pum p called Long
drop structure.The both types have the head (H )
turbine)
should be 1
W ave 30-4 has the
C oaxialw ater turbine sam e m echanism .C oaxialw ater turbine
For G lobe follow ing capability.
pum p is produced by C hina.It consists of to 4m .
pum p
Turbine Pum p Intake
case
turbine unit,pum p unit,draft tube and
head,m head,m L/sec
coaxial
w ater turbine pum p pit.The turbine blades
36.7
1.5
6
w ater
are rotated by drop w ater flow ;the pow er
4 to
turbine
created from the rotation is transferred to
12 x
4
pum p w ith
the pum p unit having the sam e shaft as
turbine
steel,the
G lobe case coaxial the turbine unit to pum p w ater to usage
head
m inim um
w ater turbine pum p area.It can be operated for 24 hours.
price is
Sand m ust be rem oved from w ater turbine
U S$2550
pum p pit before operating.G lobe case
(150,000B ).
coaxialw ater turbine pum p w as reserved
and developed from C oaxialw ater turbine
pum p in Thailand.N o w ater turbine pum p
pit is required.
A lthough new type is
(H orizontally installed This pum p is installed at reservoir or w eir. The turbine
produced,no capability
It consists of bunk im pulse turbine unit, head (H )
turbine)
data are available.The
transm ission unit and m ultistage
should be 4m
C ross flow w ater
M inim um
data of an old type called
centrifugalpum p.The bunk im pulse
or m ore.
turbine pum p
U p to U S$9,000
5
R IM 110-40C T is show n
turbine is rotated by drop w ater conveyed
100m (350,000B )
b l
h Pum p Intake
h
through a pipe;the pow er created from
w ith steel Inflow
the rotation is transferred to the
head ,m head,m L/sec
centrifugalpum p by the transm ission unit
4 to 7 15 to 40 8.34
to pum p w ater to w ater tank or others..
N ote:A llthe above inform ation and data are cited from the R oyalIrrigation D epartm ent in Thailand.
:D urability of these turbine pum ps is about 10 years w ith steeland 20 years w ith stainless w ith good m aintenance.
H ydraulic ram
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Figure 1. Description of how to align canal
Source (Sanyu, 2004)

A REAL CASE OF APPLYING THE TECHNOLOGIES FOR MINOR
IRRIGATION IN MALAWI
Outline of the cooperation
Malawi is an LDC, whose GNI/capita was US$180 in 1999. JICA carried out a study
called the Capacity Building and Development for Smallholder Irrigation Schemes
from Dec. 2002 to March 2005. The objectives were to establish a package of
methodologies for self-help smallholder irrigation development, and to enhance
technical and administrative capacity in irrigation development. The technical
package is a set of engineering technology and agronomy for gravity irrigation
schemes. JICA set three implementation principles, i.e. (1) making physical
assistance from outside be minimal or even nothing, (2) producing a package of
methodologies on irrigation, agronomy and post harvest. and (3) applying a
technology transfer method called PD method, by which an extension material is
combined with step-wise illustrations. This study consists of two phases. In the
Phase I, potential areas for self-help small-holder irrigation schemes were identified
and draft methodologies were formulated. In the Phase II, a package of methodologies
was established and capacity building was conducted. Capacity building procedures
were on-the-job training through pilot projects, producing training materials and
field manuals by Malawi counterparts and workshops/training courses for government
extension workers.
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Performance
The practical technologies of gravity irrigation shown in the preceding chapter were
applied for providing no external physical inputs. Technical devices are provided
for lending. These technologies bring the irrigation system into farmers’ locally
available implementers, and JICA consultants were the participants (Sanyu, (2)
2004). The simpler the technologies, the shorter time of technology transfer. These
technologies were quickly disseminated over the two districts that were the target
areas through extension workers trained in the training courses. No cost requirement
for farmers was very much effective. The training methods also contributed this
quick dissemination such as the practical training curriculum, handing out of
understandable extension materials and teaching by counterparts (extension
workers and irrigation officers) who transferred the technologies.
During the study, pilot project development by dissemination of technologies was
carried out for one year in 2004. Another JICA cooperation scheme called dispatch
of expert followed the study for the other districts than the target. As the result, total
about 1,000 hectares were irrigated for two years by farmers’ self-help efforts, as
shown in Table 5.
Table 5. Increase of minor irrigation schemes in Malawi
Year
2004
2005
Total

No. of schemes
264
411
675

Site irrigated (ha)
320
682
1002

Ha/site
1.2
1.7
1.6

Source: Sanyu (2) (2005) and written information from a JICA expert working in Malawi

JICA is carrying out the follow-up assistance for further dissemination of these
practical technologies.
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1. Irrigation Improvement Management
through Farmers Participation
S. Nairizi1 and H. Saberi2

Population expansion particularly in developing world is the major cause of food
insecurity. Agriculture is the main source of food supply in these countries and
usually is under severe pressure to meet the rising food demands. One-third of
global agricultural production is coming from 270 Mha world wide irrigated land.
Development of new irrigated agriculture is expected to meet such increase in food
demand. But water resources available to the potentially new irrigable lands are so
limited which do not show any encouraging future to do so. Therefore the irrigation
water demand management and simultaneously increasing the irrigation water
productivity; are the most promising avenues in front of decision makers to tackle
the food security dilemma. The irrigation water productivity depends on the level
of agro technical, managerial and organizational development within each irrigation
scheme. The key approach to the successful combination of these three elements is
the participation of stakeholders, particularly the farmers associations in the process
of management of such schemes. In this paper attention is given to a successful
participatory irrigation management conducted by traditional farmers in a relatively
small irrigation scheme.

PROJECT DESCRIPTION
Mojan is a small town in the South foothills of Alborz Mountain ranges located 35
km North West of Shahrood city. This town has a history of 300 years existence
with more than 8000 inhabitants at the present, who are mainly living on agriculture
and horticulture. Moderately cool highland climate provides the region with a
permanent river which is the main water resource for irrigation as well as partially
supplying water for municipal use. Mojan Irrigation network consists of upper and
lower parts where the town is located in the middle. There is a diversion dam and
8 km long canals constructed by local masonry materials conveying water to the
upper part. The canal discharges back in to the river where another concrete
diversion dam and 6 km long canal supplies the water to the lower irrigation
network. The upper diversion dam and canal have been financed and supervised
by ministry of Jihad- Agriculture and lower installation has been constructed by
the farmers association. The irrigation area is about 4000ha, with cropping pattern
as: 60% potatoes, 40% grains. There are 2 existing ghanats and 4 deep wells, which
have been executed by the farmers association, and are supplementing the river
flow for irrigation.
1

Dr. S. Nairizi, Head of the Board and Managing Director, Toossab Consulting Engineers Co.
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H. Saberi, Irrigation Expert, Toossab Consulting Engineers Co.
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IRRIGATION WATER DISTRIBUTION
The irrigation network is divided into 10 blocks. The traditional approach to
implement the water rights was to allocate whole available water resources
including river flow and ghanats to only one block in each particular day; priority
is given by drawing lots among 10 blocks. So irrigation scheduling was based on
10 days period to reach water to each block. The blocks were arranged approximately
in equal size so that the allocation of whole river water to each block, one day out
of 10 days intervals, could be justified. During the low water flow in the river the
farmers either reduced their irrigated land in each block or increased the irrigation
intervals sometime as much as 17 days Another disadvantage of such water rights
allocation was the high losses of water due to random selection of blocks and extra
alternate drying and wetting of the earth canals and also extra time required for
water advancing in the canals. There was also management problem of handling
such water rights distribution, since for downstream farmers less time was available
at their field gates.

Masonry canal

The recent development took place through organizing farmers into water users
association. They could manage to change the traditional water allocation practice
to different blocks starting from upstream to downstream in turns, as well as lining
the canals. In this new arrangement the decision was made to deliver water at field
gates for the same duration as before. Two days duration was considered to convey
water from the diversion dams to the gates. In this manner the water traveling time
in the canals was distributed equally among all blocks by increasing the irrigation
interval from 10 to 12 days. It is therefore possible for each water user to draw their
water rights from any points of the network upon their request. This new flexibility
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Masonry drop structure

Masonry canal

provided the opportunity for the farmers to exchange their water allocation rights
among themselves within the network. That was a good workable framework for
water market which was gradually developed in this farmers association. As they
acquired more experience, they managed to distinguish each water user's share by
minutes and seconds so each farmer within each block knew his water rights based
on the time of water flown in the river. This made them to realize the importance
of time and losses of water due to miss management. Upon this precision, the
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association could issue water share certificate for all water users based on their
share of river flow. There was a traditional water flow measurement as mentioned
below which was considered an appropriate water quantity unit for negotiation at
the water market. Chole: 1/10 of river flow, called “Chole”; Shahi; one chole for
an hour (6 minutes of river flow) in 12 days rotation is called one “Shahi”; Ghaz:
20 minutes of each Shahi is called “Ghaz”; Sahm: 20 minutes of ghanats discharge
is called “Sahm”.

Masonry division box

Concrete canal
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THE ADVANTAGES OF NEW IRRIGATION WATER DISTRIBUTION
Mojan water users association at first embarked on improving the operation of the
water allocation system and then they tried to reduce the system water losses
through canal lining. Increasing the rotation system from 10 to 12 days, reducing
the time of running water in the canals and also, reducing losses, made a new water
right available to the association. This extra saved water was put into the market
for selling to the farmers upon their request. The money so collected partially
covered the expenses of the irrigation association and the remaining money was
spent for further lining the main and secondary canals. This in turn increased the
available discharge at the field gates and also more water for association to sell.
Improving management by almost no extra money provided a cumulative
improvement into the irrigation scheme pivoted by the strong foundation of farmers
participation and their initiative. Another interesting phenomenon here in this
irrigation association is the water market so established. The farmers who required
extra water were prepared to pay a good value for water to buy from the association.
Through this practice the irrigation water found its virtual value which in itself
generated an incentive to the farmers to improve their irrigation application
efficiencies, downstream of their field gate. They are able to sell such saved water
at the market, or eliminate their water demand from the market. So this successful
water market generates further interest among the users to improve their irrigation
practice at the field level as well as for the improvement of water conveyance and
distribution efficiencies as adopted by the association management. Considering
traditional water measurement in the region; the river flow is divided to 2490
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(Saran). The latest water prices which were exchanged by the farmers in the year
1385 (2006) was 48000 Rials ($ 5.4) for one Shahi, 42000 Rials ($ 4.7) for one Sahm
of qanat and 720000 Rials ($ 81.5) for each Saran. Table 1 shows the income of the
association by selling the extra water to the farmers.
Table 1. Annual income of the irrigation association through selling the water
Item

Unit

No.

Unit per Rial

Sub total 106 Rials

River

Shahi

2490

48000

119.52

Qanat

Sahm

2880

42000

120.96

Deep wells

Portion

220

720000

158.4

Total

398.88

Noteworthy it should be mentioned that, the above units (Shahi, Sahm and Saran)
are almost volumetrically equal. Considering the quantity of river discharge being
300 lit/sec, the volume of a Shahi during growth period (21st April to 22nd October)
will be equal to 1620 cubic meter. Considering the above-mentioned prices, one
cubic meter of water within the Mojan irrigation network will be 444 Rials
($ 0.05), and the service charges for one cubic meters of water is determined equal
to 26 Rials ($ 0.003). At the beginning of each cultivation year, Mojan’s Board of
directors determines water rate and service costs. These costs are provided for the
year 1385 (2006).
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CROPPING PATTERN CONSIDERATION
At present, about 60% of the land within Mojan irrigation network is under
cultivation of potatoes (green leaf), and 40% under wheat and barley crop (white
leaf), as per the collected information. Table 2 shows hydro module of individual
crops and for different combination of them in cropping pattern.
Table 2. Hydro-module for different cropping pattern ratios of wheat & potatoes
Persian
Calendar
Month

Hydro-module
(L/s/hac)
Potatoes

Farvaradin

Ordibehesht

Khordad

Tir

Mordad

Shahrivar

Mehr
Aaban
Azar

Day

Bahman

Esfand

Hydro-module for different ratio of
wheat & potatoes (L/s/hac)

Wheat

0.6-0.4

0.5-0.5

0.4-0.5

0.35-0.65

0.3-0.7

0.48

0.19

0.24

0.29

0.31

0.33

0.72

0.29

0.36

0.43

0.47

0.51

0.84

0.34

0.42

0.50

0.54

0.59

0.70

0.28

0.35

0.42

0.46

0.49

0.30

0.40

0.34

0.35

0.36

0.37

0.37

0.35

0.40

0.37

0.38

0.38

0.38

0.39

0.47

0.28

0.24

0.19

0.16

0.14

0.50

0.30

0.25

0.20

0.18

0.15

0.66

0.40

0.33

0.26

0.23

0.20

0.90

0.54

0.45

0.36

0.31

0.27

1.19

0.71

0.59

0.48

0.42

0.36

1.42

0.85

0.71

0.57

0.50

0.43

1.60

0.96

0.80

0.64

0.56

0.48

1.45

0.87

0.72

0.58

0.51

0.43

1.44

0.86

0.72

0.57

0.50

0.43

1.43

0.86

0.72

0.57

0.50

0.43

1.15

0.69

0.57

0.46

0.40

0.34

0.96

0.58

0.48

0.39

0.34

0.29

0.75

0.45

0.38

0.30

0.26

0.23

0.39

0.24

0.20

0.16

0.14

0.12

0.08

0.03

0.04

0.05

0.05

0.05

0.06

0.02

0.03

0.03

0.04

0.04

0.04

0.02

0.02

0.02

0.02

0.03

0.04

0.02

0.02

0.03

0.02

0.03

0.06

0.02

0.3

0.03

0.04

0.04

0.08

0.03

0.4

0.05

0.05

0.05

0.11

0.05

0.6

0.07

0.07

0.08

0.15

0.06

0.08

0.09

0.10

0.11

0.19

0.08

0.10

0.11

0.12

0.13

0.17

0.07

0.09

0.10

0.11

0.12

0.36

0.14

0.18

0.22

0.24

0.25

0.34

0.14

0.17

0.21

0.22

0.24

0.32

0.13

0.16

0.19

0.21

0.23
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To obtain an optimized crop combination under water resources limitations, net
profit is considered as an index for selection of a suitable cropping pattern.
Considering the area under cultivation of each crop, first of all, overall hydromodule is obtained, and then, maximum irrigable lands are calculated. Table 3 shows
that the combination of 35% potato and 65% wheat provides maximum annual net
profit, so it demonstrates that the present farmers practice of 60% potato and 40%
wheat is not optimum cropping pattern (Diagram 1).
Table 3. Considering the operation ratios of different cultivations
Cultivation Ratio

0.6-0.4

0.5-0.5

0.4-0.5

0.35-0.65

0.3-0.7

Crop pattern Hydro-module

L/s/hac

0.96

0.80

0.64

0.56

0.59

Irrigation area

Hac

489.5

587.4

734.2

839.1

801.0

Area under cultivation of
potatoes

Hac

293.7

293.7

293.7

293.7

240.3

Area under cultivation of
Wheat

Hac

195.8

293.7

440.5

545.4

560.7

Net operation in total area

M.R

5032

5492

6182

6675

5999

Net operation (million rial)

8000
7000
6000
5000

6182
5032

6675
5999

5492

4000
3000
2000
1000
0
0.6Ͳ0.4

0.5Ͳ0.5

0.4Ͳ0.5

0.35Ͳ0.65

0.3Ͳ0.7

Crop ratio

Diagram 1 Considering net operation of the total land covered by irrigation
network for different cultivation ratios
In calculations of net profit, 4 ton/ha of wheat and 30 ton/ha of potatoes are
considered as crop production. The prices of one kilogram wheat and potatoes are
taken from the market as 2100 and 800 Rials respectively.
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CONCLUSION
Mojan Irrigation association from the beginning of its establishment embarked on
improvement of system management through real and effective farmers participation
based on their share in river and ghanat flows. With a little injection of funds by
the local government but mainly with the collaboration of the farmers themselves
they could introduce canal lining and started generating source of money to continue
their improvement in water conveyance and distribution efficiencies, plus investing
more in developing new deep wells as a supplementary water resource to the
society. The extra water so provided was sold to the farmers which itself generated
more funds for further development of the schemes. The improvement of total
irrigation efficiencies in the whole scheme can be attributed to the following:
• The conveyance and distribution canals are under operation only once per
irrigation rotation.
• The duration of running water in the canals was distributed evenly among
farmers relative to their share and regardless of their locality
• Handling and delivery of water with such an organized system is much easier
and less costly than before
• Adopting flexibility in the system provided an opportunity for the farmers
to sell their water rights without any further associated costs
• The irrigation water now has a virtual value at the local market which
encourages the farmers themselves to save more water for selling at the
market. This creates ever increasing irrigation efficiencies and hence improves
irrigation water productivity.
• The available funds to the association continues development of canals lining
and new water resources for further wise consumption of farmers.
• The study shows that the present cropping pattern (60% potatoes and 40%
wheat) in Mojan region is not optimal economically. They will be better off
to change to 35% potatoes and 65% wheat with respect to the market prices,
present crop yields and available water resources.
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2. Government’s Role in Making Participatory
Irrigation Management Successful
Masayoshi Satoh1, Tassanee Ounvichit,2, Satoshi Kono3
Atsushi Ishii4 and Masahiko Hiraiwa5

ABSTRACT
One of the common concerns of LDCs is how to support, within the limited
availability of government budget, the subsistence farming which provides food
security for the majority of the people. An appropriate irrigation technology will
be of great support and the participatory irrigation management will make it
possible to realize the appropriate irrigation technology and sustainable subsistence
farming. This paper presents the principles and methods for Participatory Irrigation
Management (PIM), clarifying the goals of irrigation management, common issues
involved in practically obtaining farmers’ cooperation in managing irrigation water
and role sharing between governments and farmers. First, the Law of Diminishing
Returns is used to explain the relationship between the efficiency of an irrigation
project and the equity of water distribution. The law explains that a governmental
project has two independent goals: the highest economical return and equity in
irrigation management, both of which can be simultaneously realized under specific
and limited conditions. Second, it is argued that farmers’ cooperation is possible
because of their competitive individual gain-seeking motives, not in spite of it, and
a background is given on how to obtain their cooperation. Third, suggestions are
given on what role the LDCs government should take in order to make the PIM
successful. Instead of the traditional, “spatial role sharing” under which lower level
canals are handed over to farmers, the main canals are totally managed by the
government, the authors propose “functional role sharing” based on the four water
distribution processes of decision-making, operation, monitoring and feedback.
Three study cases in Thailand, Japan and Sri Lanka are presented to illustrate how
the principles are realized in the real world.
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1. INTRODUCTION
The necessity of Participatory Irrigation Management (PIM) has been widely
recognized, and governments and international organizations around the world are
attempting to implement it. However, establishing a water users' group, an essential
element of PIM, and ensuring its stable management have proven to be significant
challenges in various settings (Vermillion 1997, Groenfeldt and Svendsen 2000).
Many trials have been performed with the aim of instituting PIM, and no established
method for success has emerged. The main reason for this lack of progress may be
a lack of methodology for PIM, and in particular, a lack of common understanding
of what role governments should have.
The final targets of PIM are to increase irrigation efficiency and to improve the
sustainability of irrigation facilities. However, practical incentives and reasons for
introducing PIM vary. One is to reduce government’s short-term expenditures on
irrigation management, as is often seen in the Least Developed Countries (LDC).
On a superficial level, it is simple to transfer irrigation facilities to farmers or farmers’
organizations. However, the farmers’ organizations that have accepted the facilities
may not have the capacity to manage them; they may not be able to cooperate with
each other because of inner conflicts; or a natural disaster may destroy the system,
leaving them without governmental recourse. Clearly, to establish PIM in a real and
sustainable way requires far more consideration than the simple transfer of
management.
On the other hand, traditional irrigation systems in many countries have been
successfully managed by farmers’ organizations. Beneficiary farmers of Muang Fai
irrigation systems in northern Thailand, for example, have been cooperatively
constructing and maintaining their weirs by themselves every year with wood,
bamboo and rocks without any support from local or national government. Equitable
water sharing, membership fee collection and payment of labor seem to be a matter
of course in their organizations (Ounvichit et al. 2006). In addition, we can find some
successful cases even in modern irrigation systems.
What should we learn from those examples? First, we should remember that every
case has its common or universal aspects and its locale-specific aspects. Thus, it is
important and effective to extract the common principles underlying successful
irrigation management by analyzing experiences and to apply them to new and
problem systems. Based on the authors’ experiences in Southeast Asian countries
as well as in Japan, this paper aims to review the target of water management and
to discuss the common methods that should be introduced into PIM implementation,
with a special focus on the role of government.

2. REVIEWING THE GOALS OF WATER MANAGEMENT
Investments in irrigation development are mostly provided by governments (both
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central and local). Farmers are generally not requested to cover the costs, at least
on main facility construction. Rather, economical development by irrigation achieves
the governmental purposes of increasing the living standards of regions and the
nation as a whole, alleviating poverty and stabilizing the society (Asian Development
Bank Webpage, Hussein et al. 2002). To achieve these purposes, the efficiency of the
irrigation system and the sustainability of the facility are major factors. We should
note for the former that the efficiency of the irrigation system is judged not by its
effect on selected individuals, but by its overall effect. And we know that for the
latter, the farmers’ participation is critical to the sustainability.
However, one cannot ignore the reality of the farmers, each of whom will endeavor
to take the maximum individual profit from the water flowing through or by their
lands. The efficient and sustainable use of an irrigation project is often at odds with
the purpose of the individual farmers’ performance. An increase in profit for any
farmer is in itself a good thing, but not all of the farmers’ requests can be realized
at the same time under the condition of limited water availability. Farmers have to
share the water; thus, they have conflicts. An irrigation organization of farmers with
such motives and orientations is not easy to manage in accordance with the goals
of the government. Our observations of irrigation projects in Asia and Africa (Ishii
et al. 2005, Sato and Satoh 2006) has led us to conclude that the maximum benefit
to the government or society is not realized if irrigation management is simply
transferred to farmers or farmers’ organization without organizational guidance
from the government.
Therefore, in the introduction of PIM we need to think how we can realize the final
goal of true water management, not simply handing over system management to
the farmers. On the other hand, farmers have a basic incentive to participate in water
management, and also have the capacity to judge what a proper activity for them
is under the given conditions. The most important task of government is to create
and operate a participatory system in which farmers’ behaviors for their individual
benefit can coincide with the targets of the government.

3. PRINCIPLE FOR WATER DISTRIBUTION
Let the primary target of water management be the achievement of maximum yield
under the given irrigation conditions. By applying the Law of Diminishing Returns,
under some simplified conditions for farmers’ abilities, crops, soils and so on, we
can understand that the maximum benefit of irrigation is realized when the available
water is allocated equally among individual plots in the project area (Satoh et al.
2007). It is indeed fortunate that the water allocation for the maximum benefit from
a project coincides with equal or equitable water sharing, which is also the socially
preferable arrangement.
This principle is not simply and strictly applicable in practical situations since there
are differences in soils, crops and distance from the water sources in a project area.
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However, if we consider the second factor of the government target, the
sustainability of irrigation facilities, for which the participation of farmers is a must,
inequitable treatment of all the beneficiary farmers is a hindrance to practical
success. Thus, the basic principle in water management to approach the government
targets must be equitable water distribution, which for the most part coincides with
the other target of high efficiency.
On the other hand, we have to accept the fact that the criterion of equity can vary
depending on the individual (Sen 1992). Therefore, a government can realize its goal
of facility sustainability only by letting farmers participate in the discussion to reach
agreement on both water management and maintenance.

4. CONFLICTS VS. COOPERATION OF FARMERS
We should always remember that the individual farmer’s target in water
management is different from the government’s target. If the government lets
farmers manage facilities without establishing any conditions, the government
cannot achieve its target. Can the government realize a management transfer while
achieving its target? Does it have to modify the target when transferring?
To realize the target, farmers need to be organized and behave according to specific
rules for the transferred facility. However, in the process of water allocation under
limited water availability, more water to a farmer or a group of farmers means less
water to others. There are strong conflicts among farmers in every region at the main,
lateral, and on-farm levels (Shinzawa 1955). Therefore, we face the more fundamental
question of whether or not farmers in their nature can cooperate to establish and
manage their water users’ groups.
The authors’ idea is that because of conflict, not despite it, farmers have the
possibility to establish and sustain their own water users’ group to serve every
individual member. In large scale irrigation projects, the farmers can realize their
common benefits only by establishing a water users’ group to compete and claim
their right to water. We need to remember that such groups have internal conflict.
They will easily collapse if the farmers cannot use their external conflicts to find the
meaning of cooperation in terms of the obtaining the external good (water).
The most important role of government is to make this possibility a reality. To this
end, appropriate institutional policy based on an understanding of both the
government targets in water management and the conflicts inherent among farmers
in such a circumstance is called for. Based on this premise, the suggested actions
for governments to promote the sustainable establishment of water users’ groups
are as follows:
(1) To promote water users’ groups (WUGs) among farmers and support
farmers in establishing them;
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(2) To require that farmers establish an integrated water users’ group (IWUG)
made up of different WUGs, to function as a forum where the different
water users’ groups can claim their rights and talk to each other;
(3) To establish a water management system in which whatever the IWUG
decides is realized in an actual water management process.
The first step the government must take toward farmer education and capacity
building is to prepare such conditions and promote the farmers’ understanding of
the system.
Understanding the need for a common interest outside of WUG leads to the
conclusion that we should not envision successful establishment of stand-alone
WUGs as a condition for the subsequent establishment of an integrated water users’
group (IWUG) (Gautam 1997). Rather, the simultaneous establishment of WUGs and
an IWUG or a system-wide water users’ group at the time of the irrigation system
planning is necessary for success (Ounvichit and Klaymon 2001). Remedial actions
of the simultaneous formation after relevant irrigation systems have already been
constructed are plausible but an existing physical bias will call for special social
instruments to overcome it (Ounvichit et al 2007).
Suppose a widely accepted water management system in which only on-farm canals
are transferred to the WUG and the remaining parts are managed by the government.
This can be described as “spatial role sharing” (SRS). In such a system, the
government officer might operate the turn-outs in the main ditch for water
distribution to on-farm ditches. If there is no accountability for the amount of water
delivered, farmers will question whether their group has been fairly and equitably
treated, and will wonder how much water will be delivered in the future. Under
such conditions farmers are motivated to grab as much as they can as individuals,
thus creating conflicts in the group and introducing potential pitfalls such as illegal
operation or even breakage of the turn-out gate. Governments may have no power
or cannot afford to control this kind of activity once it occurs.
The only way for governments to avoid this scenario is to let the farmers (or WUG
delegates) discuss and decide the water distribution at the system and lateral levels
based on the equity principle promoted by the government, and to carefully
distribute water according to their agreement. Suppression of rule-breakers is most
plausible by people who have fully understood that the best way for them to realize
their common benefit is to distribute the water according to their mutual agreement.
The success would be more certain if the government has full accountability and
disseminates the necessary information, then introduces a joint decision-making
system with farmers.
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5. FUNCTIONAL ROLE-SHARING BY GOVERNMENT AND FARMERS
IN WATER MANAGEMENT
Water management (in the broad sense) consists of operation, maintenance and
management, among which operation should be regarded as the core of the water
management because it is the action that directly benefits farmers. Thus, operation
may be called water management (in the narrow sense). The other two kinds of
activities have rather supplemental functions that make this water management (in
the narrow sense) efficient and sustainable.
The authors propose the classification of water management (in the narrow sense)
into four processes (Figure 1) for the sake of discussing and establishing so-called
“functional role-sharing” between government and farmers:
(1) Decision-making process: Deciding on the water distribution target and
plan
(2) Operation process: Operating the facilities according to the decided plan
(3) Monitoring process: Monitoring the operation to see whether it is
performed as expected
(4) Feedback process: Adjusting the operation or decisions based on monitoring

Decisionȱ

Operationȱ
Feedbackȱ
Monitoringȱ

Figure 1. Four Processes of Water Management
By dividing water management into four processes, we can separately consider two
levels of PIM: a total responsibility of the transferred facility and a partial
participation in water management at the higher levels of canals. The effectiveness
of joint management by government and farmers has been widely recognized.
However, there is no need to manage everything jointly. It is important for farmers
and government to separately or jointly take up the processes, depending on local
circumstances. Especially at the higher levels of canal, which are typically the
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government’s responsibility in a spatial role-sharing arrangement, farmers could
easily have an important role in the two processes of decision-making and
monitoring. This type of role sharing can be called “functional role sharing” (FRS).
To make this possible, governments should form a project-level water users
organization to which every regional water users’ group sends delegates.
Three successful water management cases are presented below.

6. WATER MANAGEMENT IN MUANG FAI IRRIGATION SYSTEM
OF THAILAND (Ounvichit et al. 2006)
Pong Sak Muang Fai system in the Pai River Basin, Mae Hongsong Province,
Thailand is a small-scale irrigation system serving 15.8 ha of farm land. Physically,
the system includes a weir, a main supply ditch, three branch ditches, and a
wasteway. The Pongsak Weir comprises two 37-m rows of boulders framed by
teakwood crosses, which are located 51 m apart along the river. This so-called Fai
Khokmoo (literally pig sty weir) or crib weir is fabricated from locally available
materials, i.e. boulders from the river and trees from the nearby forests. The ditch
carries water along a 2.5 km feeder on the right bank and continues onto the main
supply ditch. The feeder is walled on one side with cliffs and on the other side with
only a narrow ditch embankment which can easily collapse during high flow.
The maintenance of the system carries a high cost every year. In 2005, for example,
3,500 big and small wood pieces, 163 man-days of labor and US$203 of cash were
needed for the maintenance of the weir. In addition, 163 man-days of labor were
required for the maintenance of the ditch, and US$81 was required for remuneration
to the group leader.
These costs are a large burden on a limited number of 24 farmers, but they have
been sustainably maintaining a cooperative and peaceful process without any
support from local or national governments. Nearly all of these costs are distributed
based on the intake capacity that each member chosed and expressed in relative
terms, i.e. 8-, 6- and 4-inch intakes are treated as 100%, 75% and 50%, respectively.
This criterion of payment is rational in this mountainous irrigation system, and all
the members can agree upon it. In practice, a 100% intake farmer needed to
contribute 40 pieces of 2 m stake, 80 pieces of 1.5 m stake, 100 pieces of 0.5 m stake,
10 days of labor and US$ 12.5 of cash for weir maintenance in 2005, and an additional
10 days of labor for ditch maintenance and US$ 5 of cash for remuneration to the
group leader.
Regarding the main ditch maintenance, the entire length is regarded as a common
asset to be maintained by all members, while even though upstream farmers do not
use the downstream part of the main ditch. In the maintenance, the members are
organized into 3-4 teams. Each team, with 5-6 members, works on an assigned
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section of 8 m in the first block until completion and then moves to working on their
section in the second block. The difficult terrain in the head-end section of the ditch
is what causes the group to allocate ditch-related work in this way. Both the length
of the ditch and the difficulty of the work are evenly distributed among the members,
thus avoiding suspicion of inequity of burden.
None of the members tries to evade his contribution, and none is allowed to do so
because all of them know they can realize their common benefit only by performing
their duty. The lesson from this case is that farmers can cooperate with each other
and perform their duty under the conditions of necessity, and that thoroughly
equitable treatment of member farmers is required.

7. TOYOGAWA IRRIGATION SYSTEM OF JAPAN (Kono et al. 2007)
The Toyogawa Water Resource Development Project, which was established in 1968,
is one of the most successful modern water resource development projects in Japan
(Figure 2). It is a multi-purpose project for agricultural, industrial, and domestic use
of water. Here, we focus on the new irrigation areas of this project encompassing
16,000 ha (paddy: 5,000 ha, upland: 11,000 ha) in Aichi Prefecture, which is called
‘‘the Toyogawa area’’.

LEGEND
: Dam, Head Works (HW)

JAPAN

Ohnyu HW

: River
Tokyo

: Canal

Sakuma Dam

Furikusa HW
Ure Dam

Ohshima Dam
Kansagawa HW
Western Main Canal

Ohno HW
Toyo River

Tenryu River

Eastern Main Canal

Toyohashi City

Pacific Ocean
0

N
20km

Figure 2. Outline of the Water Resources System of the Toyogawa Irrigation Project
Organizations: Five kinds of organizations are involved in the Toyogawa Irrigation
Project: (1) the Japan Water Agency (JWA), the public entity that managed the
construction project; (2) Toyogawa LID, an autonomous irrigation association of
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farmers that is established for this project, having branch offices; (3) local LIDs,
which are established based on administrative boundaries of cities or towns and
which function as local water user associations; (4) Management Districts (MDs),
which are established by beneficiary farmers of each Farm Pond (FP), practically
corresponding to a traditional local community of Mura; (5) Management Groups
(MGs), which are established by three to six farmers as rotational irrigation units
in an MD.
Toyogawa LID and local LIDs are farmers’ autonomous irrigation associations. As
they are LIDs, they employ a representative system following the articles of the Land
Improvement Act (1949). The representative assembly is the highest legislative organ
in an LID. Representatives are elected from electoral districts by local farmers, each
of whom has an equal vote. Every farmer in this project belongs to both types of
LIDs.
These organizations demarcate their roles in water management according to the
level of a facility, from main to on-farm. JWA manages the main parts of an irrigation
facility: water resource systems (reservoirs, diversion dams, regulating reservoirs)
and main canals. It is responsible for delivering water to lateral canals.
The Toyogawa LID manages lateral canals and sends water to FPs. Toyogawa LID
staff patrol FPs to check on stored water daily, and they readjust allocations of water
to lateral canals as needed. Local LIDs, MDs, and MGs manage FPs and on-farm
facilities in a group. MG leaders in an MD adjust water demand with each other.
The MD representative designated by a local LID has the capacity to operate valves
to send water from FPs. Only MD representatives have this authority; other farmers
are not allowed to adjust water distribution. Local LIDs compile requests from MDs
and request water from the Toyogawa LID according to necessity.
Annual Water Plan: The representatives of local LIDs gather in the Toyogawa LID
branch office every year to discuss and adjust the annual water demand. Toyogawa
LID compiles these demands and submits them to JWA. JWA and Toyogawa LID
then discuss the annual water allocation plan in consideration of applied demand.
Upon approval by the president of the Toyogawa LID as well as by other water
sectors, the annual water allocation plan is finalized. Thus, JWA does not determine
the plan in a top-down manner. Toyogawa LID employs a representative system,
and the representative assembly elects directors, which elect the president. Under
such a representative democracy, the president’s approval for the annual water
allocation plan can be regarded as approval by all farmers in the hierarchical
representative system.
Water-Saving During Drought: The Toyogawa project area has been experiencing
water shortages rather often: 28 times in the past 38 years. JWA has established the
Water Saving Committee (WSC) to discuss and decide upon measures against water
shortage. The main discussion in the committee is to what extent water-saving ratios
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should be applied to the different water sectors and when their application should
be started or changed (intensified or loosened).
The WSC consists of 14 people. Two of them are the staff of JWA, and others are
representatives of related organizations. The representatives cover all beneficiaries
in the project. The WSC is chaired by one of the staff members of JWA. The secretariat
of JWA compiles records of river discharge, water storage in the reservoirs, expected
future water demand, meteorological forecasting, etc., and presents all the data
necessary for discussion to the committee. The secretariat also proposes measures
against shortages to the WSC if required.
In case a water conservation operation is performed, especially when the
conservation ratio is very high, the local LIDs supplement the water supply by
operating wells that have been developed for emergencies. A local LID will adjust
the water allocation to the lateral canals in its territory so that all members of the
local LID practically receive an equitable amount of water. This shows that local LIDs
have developed a sense of unity among themselves. The lower-level farmers’
organizations, MD and MG, exhibit the same quality.

8. KIMBULUWANA-OYA IRRIGATION SYSTEM OF SRI LANKA
Kimbuluwana-Oya Irrigation Project, located in the Kurunegala District in the
central part of Sri Lanka, has as its single major water source the Kimbuluwana-Oya
Reservoir, which has an active storage of 6.0 MCM serving 810 ha of paddy field.
The reservoir is said to have been constructed as early as several hundred years A.D.,
and was almost abandoned in the 15th century. It was reconstructed in a
rehabilitation project in the 1950s together with rehabilitation of main, lateral and
on-farm ditches for paddy irrigation.
The area has an annual rainfall of 1,500 mm, which qualifies it as being part of the
semi-arid zone in Sri Lanka. The monthly rainfall pattern shows two peaks in AprilMay and October-November, of which the latter has more rain. There are two paddy
cropping seasons, Yala (April to September) and Maha (October to March). Maha
season is the “main season” during which most farmers utilize the plentiful rainfall
to grow rice, while they do not, or cannot grow rice every year in Yala season because
of the scarce rainfall. The average farm size is some 0.8 ha.
The irrigation facility system consists of a reservoir upstream of a valley and two
main canals (MC), one on either side of the valley, each of which feeds water to
Delivery Canals (DC) distributing water to Field Canals (FC).
Joint Irrigation Management by Government and farmers: Responsibility for
facility management is assigned to the government for the main facilities, such as
the dam and MC, and farmers for DC and FC. For the management of the facility,
farmers establish Farmers’ Organizations (FOs) principally based on village
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boundaries, which include one or several DCs. They also form a water users’ group
for each FC, a delegate from which is sent to form the FO.
Each FO designates a ditch tender, or “Jala Palaka”, who is a farmer. In some FOs
the Jala Palaka distributes water to the FC based on his judgment from monitoring
the water situation and hearing from farmers. In other FOs, the water management
committee decides upon the water distribution plan and the Jala Palaka distributes
the water according to its decisions. In any case, equitable water distribution is
realized through the activity of the Jala Palaka, and no operation by individual
farmers is allowed. The Jala Palaka receives an allowance of 20 US$ for each
irrigation season while the committee members of the FO receive no payment.
Seasonal Water Distribution Plan: An irrigation plan for the whole scheme, which
includes plans for the area to be irrigated and for the irrigation period, is decided
upon before each irrigation season in a Kanna Meeting (Cultivation Committee). The
Kanna Meeting is called by the District Director (who chairs the meeting), delegates
from all FOs, engineers from the irrigation department, and officers from the
agricultural division.
The Kanna Meeting is a formal meeting that is compulsory by law for a large-scale
irrigation project, and the District Director is required to participate. Therefore, it
functions rather to complete the formal requirement for the decision making. It is
the pre-Kanna Meeting that has a substantial role in decision making. There,
engineers and officers from the government and FO delegates discuss the draft of
the irrigation plan in the meeting. This draft is prepared by the irrigation engineers
who have surveyed the stored water in the reservoir and on the field by rain. After
the pre-Kanna discussion, each FO delegate brings the draft back to his FO, for
explanation and discussion in the general meeting of the FO. The delegate will
participate in Kanna Meeting after securing agreement among the FO members.
Adjustment of water distribution plan: The project employs rotation irrigation
except for the preparation season over the project area, in which several FOs are
combined to form a rotation block. The order of irrigation and the allocated days
for each block are fixed every year. In spite of such an established seasonal water
distribution plan, they have to change or adjust water distribution according to the
actual rainfall conditions. Decisions about such changes are made in the Project
Management Committee (PMC). Its establishment is compulsory for a large-scale
irrigation project, with participation of every FO delegate and officer in the irrigation
department including the Project Manager as the chair of the committee. In a season
when the rainfall is scarce, FO delegates request changes in the irrigation schedule.
Then irrigation department officers survey the state of rice plants and the availability
of supplemental water sources in each FO. The officers can change the rotation
schedule when an agreement of all the members is secured based on the report of
survey. The changed schedule is announced in the village.
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Lessons: There is no hierarchical farmers’ organization established for the whole
Kimbuluwana-oya Irrigation Project, and the main irrigation facilities are under the
control of government. However, with the participation of all FO delegates in the
Kanna meeting and PMC, beneficiary farmers are involved in the principal decisionmaking process for water management. Government officers and Jala Palakas
operate facilities according to the plan made jointly by the government and farmers.
Under such conditions, farmers’ sense of ownership of the irrigation project and
willingness to participate in water management are high. They are apt to abide by
the rules, pay their membership fee to FO at the rate of almost 100% and participate
in canal cleaning, thus realizing a good water management as a whole.

9. CONCLUSIONS
(1) The water distribution principle that is key to realizing the governmental
targets of the highest water use efficiency and facility sustainability is equitable
water sharing among beneficiary farmers.
(2) The water management goals of government and farmers are different in
principle. Therefore, participatory irrigation management cannot be assumed
to simply emerge from irrigation management transfer alone. Governments
need to create an institutional system in which the optimum behavior of farmers
can coincide with the goals of government.
(3) There are inherent conflicts between farmers regarding water distribution.
Because of these conflicts, a WUG cannot stand alone if it does not find an
external reason to do so. To overcome this situation, it is an effective method
for governments to declare that every beneficiary farmer have an equal right
to water, to establish WUGs and an IWUG simultaneously, and to implement
joint decision-making with delegates from WUGs on water distribution based
on the equity principle. It is also essential for the sustainability of farmer
organizations to put into practice the decisions made through this process.
(4) Water management (in the narrow sense) can be divided into four processes
of Decision-Making, Operation, Monitoring and Feedback. To realize farmers’
participation successfully at all levels of canals, including the project as a whole,
the government and farmers should adequately share the roles considering each
function at the main, lateral and on-farm facilities.
(5) Successful cases of water management in Muang Fai system of Thailand,
Toyogawa Irrigation Project of Japan and Kimbuluwana-Oya Irrigation Project
of Sri Lanka provide important lessons for the establishment of a preferable
relationship between the government and farmers. When the involvement of
farmers in the decision-making process and accountability and dissemination
of information by the government are realized at the same time, the farmers
feel a sense of ownership of the irrigation project, resulting in successful
participation in maintenance activities and compliance with the rules that they
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themselves have decided. This is the most effective and rational way for the
government to realize its goals in water management.
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3. Improvement of Participatory Approach for
Irrigation Development in LDCs
Yuji Sakamoto1

ABSTRACT
Irrigation development projects have been exclusively implemented by the
governments of developing countries without ensuring the participation of farmers
and rural communities to the projects. As a result, governments became financially
tight due to the cost of the new developments, rehabilitation projects and their
operation and maintenance (O&M). Hence, governments have been trying to transfer
the burden of O&M of the irrigation systems to the beneficiaries. Now, Participatory
Irrigation Management (PIM) method is widely applied to the irrigation projects for
the promotion of farmers’ motivation to O&M.
The principle of PIM itself seems to be correct, however, there are cases that the
practices of PIM do not always reflect the intentions of farmers. In addition, the
policy of aid agencies is still imposed, leading to cases where PIM does not utilize
the independence and initiative of farmers.
In case of LDCs, rural communities tend to stick to their decision based on tradition
and religion rather than on democratic standards.. Therefore, it is desirable that the
implementing agency pays attention on the careful grasp of the actual community
mechanism, restraint of agency’s policy and application of gradual implementation
from a long-range view point when executing irrigation projects in LDCs.
As for the fulfillment of the participatory approach, two proposals are hereby
presented. The first is an application of Social Adaptability as the fourth evaluation
item for feasibility study of irrigation projects in addition to the usual evaluation
items (technology, economy and environment), so that it may improve PIM
practices. The second is an application of project request system by beneficiaries
themselves as the principle of irrigation projects, which would create the sense of
ownership for their projects.

1. PARTICIPATORY IRRIGATION MANAGEMENT (PIM)
In the Asian countries of the monsoon region, which have the experience of irrigated
agriculture, irrigation systems are generally the properties of rural communities, and
the O&M of the systems are also under the responsibility of these communities,
except large commercial farms. Irrigation management is also a major part of rural
1
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autonomy. However, when international aid system is applied to the irrigation
development projects, they are exclusively implemented by the governments from
project planning stage to O&M. Farmers have almost no chance to participate to the
projects and are kept in a position to receive the irrigation service unilaterally from
the governments. This is a period when the application of rural autonomy system
to irrigation development is neglected.
Irrigation systems completed under these circumstances, (specifically in case of large
systems), having uncompleted retail facilities and further insufficient supporting
services such as extension and credit, resulted in the non realization of the expected
outcome. In addition, the governments faced financial constraint because of the
investment burden from the new developments, rehabilitation of irrigation systems
and O&M cost which increased year by year, while the tax income from the project
performed in quite limited way against expectations. Irrigation is still key to
agricultural development, however, it is said that there are many cases when
irrigation development causes tight finance.
To find a way out of the above constraints, international aid agencies led the
governments to transfer O&M of irrigation systems to beneficiaries. It is indispensable
to provide effective incentives to beneficiaries when irrigation service is to be
shouldered by them. Hence, various trials have been carried out to promote
recognition that an irrigation system is the common property of the beneficiaries,
and its O&M is under their responsibilities. The application of the beneficiaries’
request for the O&M of the irrigation system was also introduced. PIM is now a
typical participatory method that is widely applied for almost all irrigation projects,
and it is now impossible to commence an irrigation project without PIM.
Furthermore, the recognition that beneficiaries should participate in the project from
the beginning has also become a common understanding. Nowadays, various
methods such as Participatory Rural Appraisal (PRA), Participatory Action
Research, Participatory Technology Development, Farmer Field School and etc. have
been developed and mobilized for irrigation projects.
Every rural community has a unique locality, controlled by its own tradition and
value system, therefore, it does not readily accept the policies of the government
and aid agencies. Comparing with the previous practices where irrigation projects
were exclusively implemented by the governments, the policy change to participatory
irrigation development must be delightful to farmers. This paper comments on the
facts how PIM is practiced, and how it works to promote farmers’ incentives. Then,
the paper presents some observations when PIM is applied in LDCs and presents
two proposals for its improvement.

2. OBSERVATION OF PIM PRACTICES
The governments implemented irrigation development projects under the
international assistance and did not pay attention on the function of rural autonomy
at the time of project implementation. Irrigation systems were provided to farmers
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following the top-down approach of the governments, and their results were not
always appreciated. It can be said that such top-down practices are rather selfrighteous, constraining the wisdom and vitality of rural communities. It seems that
international aid agencies and bilateral agencies failed to recognize the reality of
rural communities.
Planning of irrigation schemes and their evaluation are done by teams consisting
of irrigation engineers, agronomists and economists, which are joined later on by
environment specialists when an environment issue is recognized. The Economist
reviews the economic effect of the irrigation projects based on the evaluation
standard, however, the sociologists who are to study the function of the rural
communities seldom participate in the projects. Technical, economical and
environmental evaluations of projects are practiced from the viewpoints of finance.
It seems that the fact is not well recognized that the performance of irrigation projects
is highly dependents on beneficiaries’ attitude.
PIM and similar methodologies are now widely applied to irrigation projects due
to the necessity to transfer the burden of O&M cost to beneficiaries. International
leading agencies like FAO and World Bank provide information and manuals
regarding participatory approach methodologies for extension of PIM, so that the
circumstances of PIM application become well arranged.
A wide application of PIM must be welcomed by both governments and beneficiaries
to improve project performance. However, there are several subjects to be improved
when current PIM practices are reviewed. Below is an illustrated example:
Box 1. Small Scale Irrigation Package Projects in the Philippines
The projects were small scale irrigation projects in the southern part of the Philippines,
financed by an international monetary fund, which were participatory projects with a
part of initial cost borne by beneficiating municipalities.PIM was practiced by consultants
at the planning stage, and a workshop of one night and two days was held with the
participation of representatives from each sub-project. The workshop was well arranged
with active discussions under a well experienced facilitator. The participants enjoyed the
event which provided accommodation and food, and the consultants were also satisfied
with the active meeting. The impression as an observer was that the general discussion
was useful; however, it didn’t contribute to establish consensus on the particular issues
of each sub-project.Later, when the draft proposal was explained, it perfectly satisfied
the policies of the fund; nevertheless, there was almost no reflection of the workshop,
and no attention was paid to the particular issues of each sub-project.Thus, PIM process
was practiced, however, the practice itself became nominal.

As the above example gave some image of PIM, there are several subjects to be
reviewed for PIM practices as shown below;
(1) Aid agencies sometimes lack insight against value system, decision making
system, farmers psychology, tradition, religion, ethnic issue and history of
rural communities. It seems they should improve social-scientific approach
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for rural communities. (Social-science includes cultural anthropology,
history, geography, psychology, folklore and etc., and these should be
mobilized for the project when necessary).
(2) There are examples of time constraint for project study, lack of rural
community expert, insufficient coordination between facilitator and
planner, event like workshop, etc. These cases arise because of aiming
efficient implementation of project study (in other words, insufficient manmonth), which tends to result in consultants having to apply nominal
practices of PIM.
(3) There are still cases when local conditions and diversity of rural
community are neglected and/or the policies based on globalism and
market pres t Twply nominal
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It is indispensable to grasp the reality of rural communities in case of LDCs, though
it would definitely take time.
Box 2. Rural Society in the Philippines
The Philippines is an advocate of democracy, and religious and/or ethnic confrontations
are almost negligible. However, the class society from the last Spanish colonial system
still exists, and poor people do not have an equal status as rich people from whom they
often receive various obligations.The National Irrigation Administration (NIA) operates
and maintains the National Irrigation System through the collection of Irrigation Service
Fee (ISF) from beneficiaries. So far, the collection rate of ISF has not exceeded 50%
nationwide, the salary of NIA is often paid late, and the irrigable area shrinks year by
year because of the insufficiency of O&M cost. Thus, the reduction of irrigable area causes
negative circulation of the irrigation system.
O&M system of NIA was designed with the assistance of international aid agencies,
which has already a long history. Various projects are implemented to improve the
collection efficiency of ISF and to promote Irrigators Associations (IA) to be more
responsible of O&M, under the assistance of aid agencies, however, the prospects do not
look bright.
The reason why there is no distinct progress is because of the structure of rural
community. The rich people often violate the rule of IA, and the poor people cannot
complain due to the gratifications received in the past. As a result, ISF collection is not
improved and the O&M is also not practiced sufficiently. The IAs which seem to be the
most ideal and democratic do not function well because of the nominal democracy
prevailing in the rural area.
This is a typical case where the principles and globalism of aid agencies are not always
applicable to the real rural societies.
Present PIM complements usual government led projects to involve beneficiaries for
O&M of irrigation systems. Primarily, PIM must be such that rural communities
themselves should propose a project, and take the initiatives to implement it from the
beginning within their capacity. In this case, Government should change standpoint to
assist them. To realize the above, it seems that every government has to create a new
legislative system for irrigation projects.

4. PROPOSALS
Respect for the independence of rural communities and beneficiaries must be the
key for success of irrigation projects, and nominal participatory approach would not
realize good result. Based on this recognition, two proposals are hereby presented
for the improvement of participatory irrigation development.
Proposal 1. Adoption of the fourth evaluation standard-Social Adaptability
Feasibility of a project was usually evaluated by the three items, that are, technology,
economy and environment. Social adaptability as the fourth evaluation standard is
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proposed to check whether a project is acceptable and sustainable for rural
communities. To evaluate social adaptability of a project, it requires sufficient study
of rural communities, and the study result should have persuasive testimony that
rural communities accept and maintain the project. Then, participatory approach to
irrigation development projects would become more complete.
Proposal 2. Application of an irrigation project by rural communities
This is a proposal that an irrigation project is commenced by the initiative of rural
communities so as to respect their independence and responsibility, instead of
government led project carried out through top-down approach. At the time of the
application, applicants should promise that partial burden of the project cost, O&M
responsibility, water service fee collection, establishment of water users association
etc. will be borne by themselves. As for the application of the above, government
has to arrange the legislative system such as subsidy and technical assistance system
so that the financial problem of the government, specifically O&M cost, activation
of rural autonomy and realization of development effect, would be better than in
the existing system.
As for the second proposal, the land improvement system of Japan would be a good
example as shown below:
Box 3. Land Improvement Law of Japan
Land improvement project system inclusive of irrigation project is described in Land
Improvement Law (1949). Summary of the system is shown hereunder:
•

Farmer beneficiaries have to organize a land improvement district (LID), when
they intend to commence a land improvement project. LID is responsible for
implementation and O&M of their project. O&M cost of LID and their facilities
must be borne by the members - Ordinary levy.

•

Land improvement project is implemented within the specified area of LID. At
the time of project commencement, LID has to submit an application form
inclusive of project component to the government for adoption. After the
adoption, the government provides technical assistance for planning and
implementation, and also for subsidy to the project.
LID is requested to collect the agreement of project plan from more than 2/3 of
the members before the implementation. Partial burden of the project cost is
collected from the members -Special levy

•

•

Official decision made by LID has a legal enforcing power.

Two proposals may need number of and discreet discussions in the process of
realization, however, it is believed that they are useful methodologies to make PIM
more complete for irrigation development.
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5. CLOSING REMARKS
The rural community which needs the irrigation development is originally well
informed about its local condition, having wisdom and autonomy system to manage
its community. In the process to implement irrigation projects in the past, aid
agencies and governments drove projects without paying attention on rural societies
as good partners. As a result, projects performed less than expected and financial
burden became serious.
Lessons learnt for a long period made us recognize that PIM is indispensable for
irrigation development and is now widely practiced. However, it seems that it is
time to review the present practices as time goes by. In case of LDCs, PIM should
be carefully applied to grasp their social adaptability.
In this paper, PIM was reviewed, and some observations and proposals were
presented. Namely, specific observations were also presented in case of LDCs. What
is discussed in this paper is limited; nevertheless, it would hopefully give
opportunity to discuss the same subject more widely and more deeply.
Further, to allow for a deeper study of the rural communities, it is expected that
aid agencies would arrange sufficient database; providing not only countrywide, but
also region wide information.
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4. Affordable Technologies for
Rain Water Conservation and
Harvesting in Rainfed Agro Eco-system
S.M. Taley1

ABSTRACT
The increasing demand for food, fodder, firewood and timber in India led to
deforestation. More and more land has come under cultivation or is affected by
grazing. This has caused widespread soil erosion and reduction in the available
water resources. Past efforts have often had disappointing results due to lack of
farmers' involvement. This University aims at improving the effectiveness of soil and
water conservation and restricted harvesting planning methods. Maharashtra State
(India) is mainly rainfed farming region largely subjected to the vagaries of monsoon
with instability of yields and incomes. It is only the assured supply of irrigation
water, which can give a ray of hope to the farmers for stability in their incomes. In
Maharashtra, even after harvesting of full irrigation potential both from surface and
ground water resources, about 70 % of the cropped area in the state will remain
subject to the uncertainties of the monsoon. The need of applying irrigation for
raising crops during non-rainy periods or when rains failed was felt even in the
distant past. Productivity, stability and income generated from farming are linked
with the attempts of drought proofing, providing means of irrigation to every
farmer, at least to a part of his own holding, so that weather vagaries can be
considerably modified, which will come to the rescue of farmers. This of course will
involve full participation of individual farmers, community and Govt. for extensive
methods of drought proofing. Soil and water being the very scarce resources, all out
efforts shall be needed for adoption of the following affordable technologies.
Discussion of Results / Findings
Benefits of adoption of the following technologies are based on the 20-25 years of
on station research data.
Rain Water Conservation
(1) Inter Cropping: In flat land (up to 1 % slope) inter cropping system, conserves
10 to 17% more runoff, reduces the soil erosion by 22 to 47%.
(2) Sowing Across the Slope: Sowing across the slope in case of one directional
slope of field conserves 26 to 29% more runoff, reduces 51 to 65% soil loss and
1
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33 to 37% nutrient losses and enhances the yield levels by 18 % in Cotton and
7.45% in Sorghum.
(3) Contour Cultivation: The contour cultivation along the vegetative bund
conserves 50% more runoff, reduces 70% soil loss and 65% nutrient losses and
enhanced the yield levels by 20 to 25%. during normal rains and by 40-45%
during deficient rainfall years.
(4) Continuous Contour Trenches at 5 to 6 m Horizontal Interval (HI): Uniform
conservation achieved on entire toposequence of the watershed, in-situ soil and
water conservation up to 98%, fertilizers / compost do not get washed away
from the field, soil moisture retained for longer time in the trenches and
therefore good growth of the crops.
(5) Agro-Horticulture systems on CCT's : 25% more production of seasonal crops,
equal growth of fruit trees in entire area and more production of fruits,
enhances the soil formation process as well as fertility of the soil.
(6) Silvipasture systems on non-arable lands: Models developed for rainfed area
are: Acacia nilotica + Cenchrus cilliaris + Stylosanthes hamata for light soils and
Annona squamosa + Cenchrus cilliaris + Stylosanthes hamata for medium soils. Like
wise the CCT’s (0.60 x 0.30 m) stabilized with cenchurus ciliaris in light to
medium soils, and intermittent dead furrows (0.60 x 0.30 m) with Stylosanthes
hamata in light soils (slope> 3% ) and medium soils (slope up to 2.5% ) for insitu soil and water conservation, pastures and legumes (Perennial grasses)
yields 2.77 to 2.43 DM t/ha, 34.3 to 45.3% pasture utilization was recorded in
sown pastures with per day body wt. gain (sheep’s) up to – 29.5 to 43.9 gms.
Protection of soil from erosion and enhance the soil formation process as well
as fertility of the soil.
(7) Conservation ditches in vertisols: Due to construction of the conservation
ditches (4 to 6 m, width and 0.6 to 1.2 m deep) across the slope or on contour
at 75 to 100 m HI where found beneficial for the establishment of the dry land
fruit trees in vertisols and water scarce area.
Rainwater Harvesting
(1) Drip Irrigation: Private and public participation in groundwater recharge for
reversing the trend of rapid depletion of groundwater level by providing the
farm pond on 0.5 to 1% area of his holding and at downstream side of the bore
as per the geological conditions of 10-15 cm dia and 30 to 60 m depth can be
suitably provided to those farmers having no means of irrigation water. One
H.P. single phase submersible pump for lifting the limited amount of water
(20 to 50 lpm) to irrigate 25 to 30 percent area of his holding under dry land
fruit trees. Change in cropping pattern enhances the income at least by 2.5 to
3 times. Total one time investment is about Rs. 50,000 to 75,000 (USD $1100
to 1670).
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(2) Adoption of the Gravity Drip: A small farmer or even landless person can grow
the vegetable on small scale by adopting the bucket or drum kits of gravity
drip irrigation.
(3) Watering through earthen pot: Dry land fruit trees can be established by
providing 5 lit. of water twice a week through earthen pots if the drip irrigation
facility is not available with the farmer. Multipurpose trees species (MPTS) can
be established only by providing 5 lit. of water once a week on non-arable lands
during summer season.
(4) Adoption of pedal pump operated micro sprinkler system: A pedal pump
operated micro sprinkler systems having 16 nos. of micro sprinkler can irrigate
4000 sq. ft. area at a time. By shifting the system 5 to 6 times small farmer can
irrigate half acre of his land in a day for the purpose of providing protective
irrigation or for vegetable production etc. in case of non availability of
electricity or other water lifting devices.

CONCLUSIONS / RECOMMENDATION
1.

Each field needs to be considered as micro-watershed for developing rainwater
management layout.

2.

On arable cropped lands with very shallow, shallow medium deep and deep
soil cover, contour cultivation along vegetative hedge at 1 m vertical interval
(VI) is recommended.

3.

In silvipasture system, one or two lines of pits (30 cm x 30 cm) can be taken
up on contour strips between two benches in order to increase plant density.
Similarly, the bunds of parent material along the bench should be used for
seeding of Stylo Hamata, and Senchrus Cilliaris which emerge and grow well
in first year.

4.

2 per cent area of the catchments should be kept under Farm ponds / Dug out.

5.

25 per cent of the total area can be brought under horticultural plantation by
providing drip irrigation and the water from shallow bore, located closer at the
downstream of the farm ponds / Dug out.

6.

Development of good perennial vegetation systems on degraded lands is
possible with CCT‘s layout.

7.

In each field, 1 to 2 contour guidelines are necessary to lay down CCT‘s at
horizontal interval (HI) of 5 to 6 m.

8.

Adoption of CCT layout at 5 – 6 m horizontal interval resulted in 96 per cent
in situ rainwater and soil conservation uniformly over the entire top sequence.

9.

Fruit species custard apple and zyzaphus (Ber) were observed to grow well and
were early productive.
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10. Hardwickia binata tree on trenches and Cenichrus Cilliaris and Stylo hamata on
bunds and strips were found to be a good combination for silvipasture system.
11. For the purpose of providing the life support irrigation the low cost drip or
other system of gravity drip as well as watering through earthen pot and the
use of pedal pump as per the need and convenience are found useful.
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5. Effectiveness of Small Reservoirs in or Near
Irrigated Areas in Large Irrigation Systems
Riota Nakamura*

ABSTRACT
Small reservoirs located in or near irrigated areas work very effectively in the
operation of irrigation canals. Those reservoirs have the following four advantages:
reducing the water conveyance loss, assuring the free use of water by downstream
water users, harvesting water from small rainfall in semi-wet spells, and reducing
flood damage in wet spells. A field survey was conducted in Nasu Irrigation Canal
which has two small reservoirs in the irrigated area. In this Canal, a great deal of
experience has been accumulated in improving the operation of the reservoirs by
water users association people who operate the canal. Through interviews with those
people, how these reservoirs realize the above four advantages is made clear.
Computerized remote control is often introduced in rehabilitation projects on
existing irrigation canals. Small reservoirs installed in/near irrigated areas, however,
would prove to be equally or more effective for improvement of canal operation as
those remote control systems.

INTRODUCTION
This paper describes the effectiveness of small-scale reservoirs located in or near
irrigated areas. The minds of the designers of irrigation canals in modern irrigation
projects are apt to focus only on the situation of constant maximum flow in canals
throughout major irrigation seasons. In the stage of the actual operation of canals,
however, the flow rate in canals often fluctuates considerably. For example, there
are spells during a year when the climate is not completely dry. In such spells, the
irrigation area has rainfall and this results in a change in flow rate in channels. Even
if there were no rainfall, canal flow often fluctuates because of the time-dependent
change in demand by users owing to changes in their farming practices throughout
the day. In actual operation of canals, operators have to deal with this kind of
fluctuation. The small reservoirs located in/near the irrigated area can very well help
those operators. Interviews are conducted with operators of actual irrigation canals,
and how they are dealing with the change of flow is investigated. The use of those
small reservoirs was once discussed by the author at the conference of the ICID,
which was the first recognition of the importance of these reservoirs(1).
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FIELD SURVEY
As an example, the situation of Nasu Irrigation Canal is surveyed and described
hereafter. The Canal is located in the watershed of Naka-river in Nasu-no area in
the central part of Japan. The origin of the Canal itself goes back a long time; the
construction of this Canal started in the 17th century beginning with a very short
canal. Throughout history, it has undergone improvement work many times and was
enlarged with each reconstruction. Among those reconstructions, one of the most
notable was that of 1885, when the main part of the present Canal was built. Though
the main canal had been constructed, the people in this area frequently suffered from
severe droughts.
From 1967 to 1994, a national level improvement project was carried out by the
Ministry of Agriculture. This work included the construction of a large reservoir
dam (20,900,000m3) in the upper reaches of Naka River, and two small reservoirs,
Akada Reservoir (1,200,000m3) and Toda Reservoir (1,019,000m3) in the irrigated
area (Figure 1 and 2). These two small reservoirs are called “regulating reservoirs”
because they were expected to have regulatory functions on the canal. In this national
level project, the beneficiary area of the Canal has become 4329 ha. The topography
of the beneficiary area is characterized by rather steep slopes of more than one to
several hundred slope. Most of the Canal is made of open channels, while some parts
of the canal consist of pipe-lines.

Figure 1. Overview Sketch of Nasu Irrigation Canal
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Figure 2.
After the completion of this national project, the Operation, Maintenance and
Management (OMM) of the Canal were handed over to a Land Improvement District
(LID), a farmer-user association in this area. After the handover, the LID people have
continued to improve the method of OMM by themselves. The author interviewed
the people in the LID, Ms. E. Hoshino, the Secretary General of the LID and Mr.
T. Gunji, the chief structures manager of the LID.
Through these interviews, it has become clear that two regulating reservoirs in the
irrigated area play a very important role in the operation of the Canal. Both the
regulating reservoirs have a maximum water depth of almost 10 meters. Within these
10 meter storages, the lower 9 meters depth storages are always kept full for use
in case of droughts. Under normal conditions, the approximately upper 1 meter of
water depth storage capacities of both the reservoirs are used for the regulation of
the flow in the canals. Efforts are made to keep these 1 meter portions empty so
that it is available to store surplus water in case there is any surplus in the canal.
This stored water is, of course, used afterwards for irrigation. Numerous factors
involved in the actual operation method, developed by the LID people after the
handover, are ordered and those points are described next.
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RESULTS
The operation of the reservoirs is divided into three climatic categories: dry spell,
semi-wet spell, and wet spell. Operation of the system in these three spells are as
follows.
1. In the completely dry part of the year, even though there is scarcely any
rainfall, the flow in the Canal fluctuates, because of the change of out-take
by upstream users. Most farmers in this area are part-time farmers. They have
their main jobs in nearby cities. They do their farm chores in the early morning
before they leave for work in the cities, and again they do farm chores in the
evening after they return to their home. Water usage, therefore, has two peaks
during the day, one in early morning and the other in the evening. The flow
rate in the main canal fluctuates, accordingly, as reduced flow in morning and
evening, and abundant during the rest of the day. Akada Regulating Reservoir
absorbs all this fluctuation and assures the constant flow for the beneficiary
area downstream of the reservoir so that users in the lower reaches do not
suffer from flow fluctuation caused by upstream users. If there were no such
regulating reservoirs, canal in-flow would have to be kept so large as to satisfy
the peak water use throughout the day, resulting in a large amount of water
loss discharged at the tail of the Canal.
2. In semi-wet spells, the area sometimes has light showers in the irrigated area.
The flow in the lower reaches of Naka River as well as the flow in the Canal
increases the volume of water obtained from those rainfalls. The increased
flow is stored in the regulating reservoirs; in other words, water is harvested.
Such increased water would flow to the downstream end of the Canal and
be lost if there were no such reservoirs.
3. In wet spells, the irrigated area often receives unexpected heavy rainfalls. The
water flows into the Canal and sometimes causes flood damage. The LID
people try to reduce the flow in the Canal as quickly as possible in advance
of the rain so as to cope with this flood. This is done by quickly introducing
the canal water into the reservoirs. After the surge of inflow from the rainfall
comes, the reservoirs store as much water as possible so as to prevent flood
damage. Figure 3 illustrates the variation of water depth in Akada Reservoir
during the rainfall of 69 mm on July 4, 5 and 6 in 2005. The first rise of water
level in the reservoir is the effect of the storage operation in precaution for
the anticipated rain. The second large rise of inflow to the Canal system is
caused by the actual surge of canal flow caused by the heavy rainfall. Figure
4 shows the variation of the Toda Reservoir in the same period. The water
level rises earlier than Akada Reservoir, because Toda Reservoir is located
upstream of the Canal. As it is seen clearly in these Figures, the flood damage
was reduced by introducing excess water into the reservoirs. The water stored
in the reservoirs, of course, is used afterwards for irrigation.
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Figure 3.

Water Level Variation in Regulating Capacity of Akada Reservoir, In
Case of 70mm Rainfall, Beginning from July 4th. 0 hour
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Water Level Variation in Regulating Capacity of Toda Reservoir, In Case
of 70mm Rainfall, Beginning from July 4th. 0 hour
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DISCUSSION
The effectiveness of the small reservoir located in/near an irrigated area can be
discussed from the viewpoint of systems analysis as follows. An irrigation system
with long conveyance distance, including large reservoirs in a far off mountain area
in the upper reaches of a river, is so large a system that it can not respond to quick
condition fluctuation in irrigated areas in the lower reaches of canals. This results
in water conveyance loss and difficulty in water use caused by this fluctuation. On
the contrary, small reservoirs located in irrigated areas can quickly store or release
water responding to that fluctuation in irrigated areas having a short response-time.
Due to this fact, these small reservoirs can effectively work toward the improvement
of the operation of irrigation systems.

CONCLUSIONS
In this paper, the usefulness of small reservoirs located in/near the irrigated area
is made clear. This usefulness comes from the fact that the canal flow actually
fluctuates considerably throughout the different irrigation seasons. This fluctuation
comes from varying water use and unexpected intermittent rainfalls in relatively
humid spells.
The design method that has usually been used in irrigation canal construction
projects has often been focused on completely dry conditions resulting in standing
on the assumption of constant maximum flow in canals; the unexpected fluctuations
in canal flow have not been adequately observed. If, however, these actual
fluctuations were more carefully observed, the importance of the reservoirs would
be clearly understood.
Even in LDC countries, computerized remote control is often introduced in
rehabilitation projects on existing irrigation systems. Installation of the small
reservoir in irrigated areas would prove to be equally effective for the improvement
of canal operation as the simple introduction of a computer system.
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Questionnaire on Development with
Partnership Avenues for Cooperation

1. Country ______________________________________________________________

2. Date Completed ______________________________________________________

Accomplished by ______________________________________________________

Name _____________________________________________________________

Title _______________________________________________________________

Affiliation _________________________________________________________

Address ___________________________________________________________

________________________________________________________________

________________________________________________________________

E-mail _____________________________________________________________
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PART I - DATA AND FACTS
Section 1 : Country Profile
1. Irrigation and Agriculture
1.1 Total area of the country(km2)

________________________

1.2 Total area under cultivation (,000ha)

________________________

1.3 Area under irrigation in different scale category (,000ha)
Large scale

(More than ______________ha/project)

________________________

Medium scale (Between _______to______ha/project)

________________________

Small scale

________________________

(Less than _______________ha/project)

Total

________________________

1.4 Area under surface irrigation (,000ha)

________________________

1.5 Area under pumping (lift) irrigation (,000ha)

________________________

1.6 Area under groundwater irrigation (,000ha)

________________________

1.7 Estimated % of farmers on irrigated lands who are

________________________

Owner-cultivators___________

Tenants_______________ Lessees________________

1.8 % of farms on irrigated land in different size categories _______________________
Size category

___________________________ % of total farms.

Less than 0.5 ha

__________________________________________

0.5 – 1.0 ha

__________________________________________

1.0 – 2.5 ha

__________________________________________

2.5 – 5.0 ha

__________________________________________

5.0 – 10.0 ha

__________________________________________

More than 10.0 ha

__________________________________________
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1.9 Types of crops planted and irrigated, and corresponding yield

Crop planted and
irrigated (,000ha)

Yield (ton/ha)

Crop planted and
irrigated (,000ha)

Yield (ton/ha)

2. Water User Associations (WUAs)
(WUAs are those that mainly consist of irrigators but does not necessarily exclude those
who use water from irrigation canals for other purposes than irrigation)
2.1 Total Number of WUAs in the country

________________________

2.2 Area covered (ha)

________________________

2.3 % of area covered under WUAs

________________________

2.4 Please describe the typical location of WUA

________________________

(e.g., lateral level, tertiary, secondary or

________________________

primary system level)

________________________
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Section 2
Planning and Implementation of Irrigation Projects
1. What type of project ownership exists in the country, e.g. central government,
local government, state-owned corporation, cooperative, village community,
private corporation, individual farmer, etc.?

For each type of ownership:

To what extent the project owner:

• Can decide on project area and type; is there any size limit or restriction on
type?

• Are there any requirements for public hearing or perusal for implementing
the project?

• Is there any limit on the terminal command area of canal/drain that each
project owner can be responsible for construction?

• How much investment is made in each type:
(Type of ownership: __________________________)
(Year:
Category

in US$ )

Amount

New Development
Large scale
Small scale
Total
Rehabilitation
Total

Note: Amount should include not only expenditures on materials, equipment
amortization and hired labour but also staff expenses in direct charge of
construction if the project works are constructed by force account.
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2. In what way do the stakeholders (including tenant farmers, fishermen, other
affected persons) share the burden of project planning and implementation? Is
it ordered by laws or ordinances or directives?

3. Are any irrigation projects subject to “Environmental Impact Assessment
Procedures”? If yes, briefly describe what kinds of project are subject to.

4. Describe the outline of the policy of your country regarding drainage provision
along with irrigation.
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Secton 3
O&M of Irrigation Facilities
1. Give the outline of your National Water Policy if your country has it.

2. Are water rights defined in the Country? Give the name and description of the
law relating to water rights, if there is.

3. Who makes the water allocation for an irrigation project? How is water allocation
administered at basin level, project level and canal level in the country?

4. Are there any legal provisions about water charges / irrigation service fee? Who
charges water charges on whom, by what criteria, on what grounds, for the
recovery of what?
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5. Who is responsible for routine maintenance of irrigation facilities (head works,
main systems, on-farm facilities)? Is there shared maintenance responsibility?
If so, how is it shared?

6. What is the trend in the central/local government’s budgetary appropriations for
maintenance of irrigation facilities (increasing, decreasing, enough, not enough,
etc. during the last five years)?
O&M Expenditures: central / local government

(Unit: US$)

Amount
Year
Total

Staff salary and hired
labour

Material, equipment
and works

Note: Amount should include not only expenditures on materials, equipment
amortization and hired labour but also staff expenses in direct charge of
O/M if O/M is carried out by force account.
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PART II – ISSUES AND NEEDS FOR COOPERATION
1. What are the major issues the irrigation and drainage sector of the country is
facing today?
Please give your own description of any major issues in your country and the
reasons why in your opinion they are important and need urgent attention Issues
may be about some of the following or any others:

• About infrastructure (dam, diversion weir, pumps, main and lateral canal
and drainage, on-farm ditches, farm roads, drinking water supply, sewage,
electricity, telephone, community facilities, storage facilities)

• About financing infrastructure development (new development,
rehabilitation, damage caused by natural calamities)

• About institutions for irrigation and drainage and rural development
(rules and laws, supporting service, farmers/ water users organization)

• About managing water and land resources (available quantity, risk of
droughts and floods, groundwater table, quality; soil fertility, erosion,
salinization, waterlogging)

• About capacity building at central and local government levels and of the
farmers (policy and strategy formulation, planning—M/P, F/S, system
operation, water allocation and irrigation management, maintenance
activities)

• About farmer’s access to information regarding agricultural production
technologies/ practices, etc. (availability of extension service and other
farm-related services such as rural credit or marketing)

• About gender
• About charging appropriate levels of ISF (for O&M only, for O&M and
capital cost recovery, etc.)
2. What is the overall strategy of the government to solve those issues?

3. In which areas does the country require support of ICID in solving those issues?

