
N,*,;N-,
 

01-R. 0~ 

640 :0 

.T. 

* 
Allr 

4,., 

J*'1 

~ #1 -J.4.W-7 

4'* 

. L'A 



BOARD OF GOVERNORS 1993
 

Aminata TraoreD.G. PremachandaraZafar Altaf 
06 BP 941, Abidjan 06SecretaryRoom No. 504 

Ministry of Forestry, Irrigation and Ivory CoastPARC Headquarters Building 
West AfricaMahaweli DevelopmentG-5/1, Post Box No. 1031 

12th Floor Jean-Pierre TroyIslamabad 
No. 500, T.B. Jayah Mawatha Ingenieur GeneralPakistan 
Colombo 10 du Genie Rural, des Eaux et des For&s 

Naima AI-Shayi Sri Lanka Docteur es sciences 
Senior Advisor 	 ECOFOR-15 Avenue du Maine-

Paris XVKuwait Institute for Scientific Robert Rangeley 

Research Consulting Engineer France 

P.O. Box 24885, 13109, Safat Kier Park, Ascot 

Kuwait Berkshire, SL5 7Ds Hikaru Tsutsui 

Eliseu Alves United Kingdom 	 Professor 
International AgricultureSHIS; QI-II Conjunts 04 Casa 01 

Brasilia-DF, 71600-240 M.S. Swaminathan Development 
Faculty ofAgricultureChairmanBrazil 

M.S. Swaminathan Research Kinki University 
Theodore L. Hullar Foundation 3327-204 Nakamachi 

Chancellor 3rd Cross Street Nara 

University of California, Davis Taramani Institutional Area Japan 

Davis, 	CA 95616 Madras-600113 
Roberto Lenton (ex Officio)U.S.A. 	 India 
Director General

Robert McNamara 
Leslie Swindale 	 International Irrigation Management

Suite 515 
Institute1455 Pennsylvania Avenue, N.W. 2910 Nanihale Place 
P.O. Box 2075, ColomboHonolulu, Hawaii 96822Washington, DC 20004 
Sri LankaU.S.A.U.S.A. 

The International Irrigation Management Institute (IIMI) is an autonomous, nonprofit international research and training institute 

supported bv the Consultative Group on International Agricultural Research (CGIAR). The CGIAR is an informal association of 

pUblic- and private- sector donors that supports a worldwide network of 18 international agricultural research centers, including 

IIMI1, conducting global research on agriculture, forestry and fisheries. During 1993, IIMI's funding supporters included the 

African Development Bank and the Asian Development Bank; the Canadian International Development Agency; Centre National 

di, Machinisme Agricole, du Gnie Rural, des Eaux ct des Fortts (CEMAGREF); the Commission of European Communities; the 

Danish International Development Association; the Ford Foundation; the International Bank for Reconstruction and Development 

(World Bank); the International Fund for Agrict:!dural Development; the International Labour Orgaiusa:ion; the Japan 

International Research Center for Agricultural Science; the United States Agency for International Development; and the 

Governments of Australia, China, France, Germany, India, Japan, Netherlands, Pakistan and the United Kingdom. The 

Governments of Bangladesh, Burkina Faso, Morocco, Nepal, Niger, Nigeria, Pakistan, the Philippines, Sri Lanka and Sudan 

provided program support for IIINl-related activities in those countries. 

Prachanda Pradhan: 39, 75 
Please direct inquirie'i and comments to: 

International Irrigation Management 

Institute 

DDC 631.76 

ISSN 1017-5954 

© IIMI 1994. All rights reserved. 

Rohcrr Yoder: 45, 48 

Daniel Berthery: 67 

P.O. Box 2075, Colombo, Sri Lanka. 
Tel :(94-I) 867404 

Cover photograph shows African farmer 
irrigating small plot. 

Hilmy Sally: 70 
Kurt Lonsway: 72 

TlIx :22318 & 22907 IIMIHQ CE Pbotocredits: CoverPhotorph:SarahErrington. 

Fax :(94-1) 866854 

E-Mail :llvil 157:CG1129 

John Colmey: 10, 15, 23, 28, 46, 55, 59, 

64 Constltantwriter:Simon Chater 



ANNUAL REPORT 1993
 
International Irrigation Management Institute 



CONTENTS 

FoREwoRD 

IIMI's RESEARCH RESULTS 1993 

THEME 1:SuSTAINABLE MANAGEMENT OF WATER DELIVERY AND DISPOSAL 1 

THEME 2: PERFORMANCE ASSESSMENT AND IMPROVEMENT 20 

THEME 3: IMPROVING PUBLIC IRRIGATION ORGANIZATIONS AND 

SEcrOR-LEVEL MANAGEMENT OF IRRIGATED AGRICULTURE 31 

THEME 4:LoCAL MANAGEMENT OF IRRIGATION 38 

COUNTRY PROGRAMS 50 

South and Southeast Asia 51 
Sri Lanka 51 
Bangladesh 56 
India 58 
Nepal 60 

West Asia and Northeast Africa 63 
Pakistan 64 
Sudan 66 

Northwest and West Africa 68 
Burkina Faso 69 
Niger 71 
Nigeria 74 

Latin America and the Caribbean 76 

CAPACITY BUILDING 76 

Management Training 76 
Individual Training 77 
Collaborative Research Activities 77 
Workshops and Conferences 80 

INFORMATION 83 

FINANCE AND ADMINISTRATION 84 

ANNEXES I- V 89- 109 

ACRONYMS AND SYMBOLS 110 

IIMI ADDRESSES 111 



FOREWORD
 

n times when food isplentiful, it is difficult to 
entertain a sense of urgency regarding the 
world's future food supplies. Yet the stark facts 

remain: the current global population of 5.5 billion 
will double to 10 billion by the year 2050; the 
demand for food in developing countries is expected 
to increase by 150 percent over the next 30 years. 
Even at this relatively favorable moment in the cycle 
of supply and demand, many still go hungry. Today 
poverty continues to deprive an estimated I billion 
people across the world of a healthy and regular diet. 
By 2050 this number could be double or more. 

Where vill the additional food come from? And 
where will people find the additional income to buy 
it? An important part of the answer to both 
questions must come from irrigated agriculture. To 
meet the world's future demand for food, output 
fiom this sector will need to increase by 3.5 to 4 
percent per year for at least the next quarter century; 
and to meet its potential for rural employment 
generation and livelihood enhancement, irrigation 
resources will need to be managed more effectively 
and equitably over space and time. 

These improvements must be achieved in the face 
of a deepening crisis over both the availability and 
the quality of water. Water shortages already' limit 
cultivation in many areas, as rising demand from 
domestic and industrial users competes with 
agriculture. Confrontations between countries over 
shared water resources are increasing in frequency 
and intensity. And the quality of water is 
deteriorating due to poor management, multiple use 
and excessive recycling, and pollution by agricultural 
chemicals. 

In response irrigated agriculture must become 
more efficient, and most efficiency gains must come 
from better management. Globally, most irrigated 
areas are still producing at less than half their 

potential, and the area actually irrigated is frequently 
far less than that commanded. On many schemes, 
only one crop a year isgrown instead of the two or 
three that would be possible ifwater were better 
managed. Water deliveries are usually supply-driven, 
and ill-matched to the needs of crops. They may 
often be unreliable and/or inequitable, with tail
enders or other underprivileged groups deprived of 
their fair share. On many, schemes the over-or 
undersupply of water leads to problems of siltation, 
waterlogging and salinity, which severely depresses 
crop yields. 

The need for irrigation management research and 
outreach to find solutions to these problems at the 
international level is, then, far greater now than it 
was when IIMI was founded in 1984. In responding 
to this increased need, IIMI is building on its 
achievements and impacts to date. 

Management-oriented institutes always find it 
harder to demonstrate impact than technology
oriented ones. Often institutional in nature, their 
achievements-such as a change in the views of 
directors or policy makers-are not only more 
difficult to quanti ' but they may' also sound less 
interesting than technological advances. In such 
cases impact is more easily conveyed in the spoken 
than in the written word. 

Despite these handicaps, IIMI's recent External 
Program and Management Review has concluded 
that IIMI's impact to date has been real. 
Furthermore, more evidence of identifiable changes 
in operations and policies is being produced each 
year. This year's Annual Report describes several 
irrigation systems in which IIMI's presence is 
making a diflerence in operational terms. IIMI's 
impact on national policies is most evident in the 
countries where it has its two largest and longest 
established programs-Pakistan and Sri Lanka. In 
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Pakistan, the Institute's pioneering research on the 
problem of salinization has led to action at the 
highest levels of government. Following an exchange 
of letters with IIMI, the Prime Minister has 
established an interministerial committee to decide 
what should be done to combat salinization and 
ensure action by the relevant agencies. Meanwhile, 
research on canal maintenance has led to a decision 
to reexamine the desirability of canal lining, which 
IIMI's research has shown isoften uneconomic in 
the present institutional and policy context. In Sri 
Lanka, IIMI's policy impact continues to be felt. 
The country isnow firmly committed to a 
participatory approach to irrigation management 
and IIMI is continlUing its long-term assistance in 
developing, evaluating, and refining this policy. On 
a major new irrigation scheme, IIMI has helped 
create a framework for deciding on the sharing of 
water under conditions of scarcity fraught with the 
risk of conflict. On several other systems, IIMI is 
helping the Irrigation Department introduce 
computerized tools for improved decision making, 
an area in which strategic research has helped to 
define the conditions ofsuccessful intervention, 
improving the future prospects of impact still 
hrther. 

In other countries, there is mounting evidence of 
the respect with which the Institute's voice isheard 
by a growing number of managers and policy 
makers across the developing world. By way of 
example, the Government of Nepal has nvited IIMI 
to participate in formulating a 25-year National 
Agricultural Perspective Plan. Last year also saw the 

completion of important studies on Sudan's Gezira 
Scheme, where a major overhaul of tertiary level 
management is now under way. In Nigeria, the 
successful development of water users' associations in 
a large irrigation system has led to rapid and tangible 
improvements in the physical condition of 
watercourses--and to the more widespread adoption 
of the approach used to develop the associations. 

Many of IIMI's institutional achievements consist 
of breaking down barriers between sectors. In Sri 
Lanka, the Institute has led the design of a novel 
project on the shared control of natural resources 
within watersheds. This project is an exciting one in 
two ways. First, it is based on full acceptance from 
the outset that land and water resources have 
multiple uses, and that only by bringing the various 
interest groups together can a more productive, 
equitable and suIstainable use of resources evolve. 
Second, IIMI has taken a participatory approach to 
project design and implementation, in which users' 
views are incorporated alongside those of 
professionals and conflicting interests are openly 
di-ctussed. 

Other examples of lIMI's impact at the national 
level are given in the pages which follow. Although 
we have chosen to present only a selection of the 
Institute's work during the year, we hope our 
selection finds favor. To uIs, these examples provide 
ample evidence that IIMI is doing its job with the 
commitment and the concern for quality that are the 
hallmarks of a center of excellence within the 
Consultative Group on International Agricultural 
Research. 

&0e 4
 
Roberto Lenton 
Director Greneral
 



IIMI's Research Results 1993 

This year's Annual Report, like the last, presents a selection of the results of lIM's work. The first section focuses 
on programs of thematic research carried out by the Institute during the year. The Country Programs section 
describes IIMIs in-country collaborative research with national programs conducted in several developing 
countries. More detailed accounts of the results of the Institute's work can be obtained from IIMI's publications 
or from the papers published externally by IIMI and national scientists. These are listed in Annex I1. 

The five major thematic headings under which we report this year are Sustainable Management of Water 
Delivery and Disposal, Perfornionce Assessment and Improvement, Improving Public Irrigation Organizations 
and Sector-Level Management of Irrigated Agriculture (these two programs ,arereported on jointly because they 
came under the purview of one Program Leader), and Local Management of Irrigation. Three further themes arc 
defined as crosscutting, being closely interwoven with all the programmatic themes although they may have an 
intellectual "home" inl one of them. These crosscutting themes are Environment and Health, the Choice and Use 
ofTechnology, and Gender Issues. 

The year saw further progress in IIMI's transition from a project- to 
a program-based mode of operation. A new full-time Director 
for Research was appointed in February, and program 
leaders were de;ignatcd for three out of IIMI's four 
major research themes."4 
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THEME 1: SUSTAINABLE MANAGEMENT OF WATER DELIVERY AND DISPOSAL
 

INTRODUCTION 

By managing the core business of water delivery and 
disposal more efficiently, many irrigation agencies 
could markedly increase the productivity of the 
systems Linder their care. They could also improve 
tile equity with which they deliver water to users, 
And they could attenuate two of the major 
environmental problems afflicting irrigated 
agriculture-salinization and waterlogging. 

In many irrigation systems, improved water 
deliveries could be introduced without delay and at 
little extra cost, since the key factors preventing 
improvement are managerial rather. than technical. 
Ensuring sufficient and reliable water deliveries to 
farmers isoften a prerequisite for other 
improvements in system performance, so the 
benefits of improvements in this area would be high. 

Much of IIMI's field work during 1993 related 
directly or indirectly to the central theme of water 
delivery and disposal. This year we highlight three 
major topics. The first is the problem of water 
allocation inder conditions of scarcity-a glimpse 
into the future for many irrigation systems as 
demand from other sectors intensifies. The second is 
how to improve the efficiency of Sudan's Gezira 
Scheme, a question of central importance to that 
country's beleaguered economy. Third, we report 
the latest findings in IIMI's study on the vexed issue 
of soil salinity in Pakistan. This study has its "home" 
under the water delivery and disposal theme but also 
forms part of IIMI's crosscutting theme on 
environmental and human health issues. 

Also reported under this theme are some of 
IIMI's studies on computer applications to support 
decision making in irrigation systems. Many 
managers at present have little rational basis for the 

Sustainable Management of Water Delivery and Disposal 

decisions they make on system operation and 
maintenance. Typically, they either rely on past 
procedures, or else find themselves at the beck and 
call of whatever pressure group that exerts the 
strongest (or the most recent) influence. In 1993, 
IIMI conducted an important strategic study to 
assess the impact of interventions in this critical area. 
It outlined the principles of effective intervention, 
and studied these principles at work in two irrigation 
systems. 

FIELD STUDIES 

Dealing with Water Scarcity: The Case of Kirindi Oya 

When water is scarce, three essential ingredients of 
the water allocation process can help to prevent or at 
least mitigate conflict: 

• 	 Data on supply and demand that are publicly 
accepted as objective and accurate. 

* 	 Publicly recognized principles for deciding who 
should receive water under different supply and 

A person or body authorized to make allocation 
decisions and having the stature (or clout) in the 
community to make those decisions stick. 

The case of Sri Lanka's Kirindi Oya System is a 
classic illustration of the importance of these 
ingredients. The system falls within the bimodal 
rainfall area of dry south-eastern Sri Lanka, where 
there are two cropping seasons: the maha season, 
from October to February, and the y;da season, from 
April to August (see Figure I and Box on page 2). 



Figure 1.The Kirindi Oya Irrigation System. 
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KIRINDI OYA: ARECIPE FOR TROUBLE 

The core of the Kirindi Oya System is the preexist-
ing Ellegala System, inhabited by farmers with a 
long tradition in irrigated rice production. The 
Ellegala diversion from the Kirindi Oya, which 
irrigates some 4,050 hectares (ha), was originally 
constructed to bring water to five ancient and 
previously independent tanks. 

Plans to expand this system were formulated in 
the 1970s and implemented in the 1980s. The 
basi,- for expansion was the construction of the new 
Lunuganivehera Reservoir, damming the Kirindi 
Oya upstream from the Ellegala diversion. In 
theory, this would allow over 8, 100 ha of new land 
to be brought under irrigation. The land, which 
was to be subdivided into seven tracts on the right 
bank and four on the left, would be irrigated by 
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two new main canals issuing directly from the new 
reservoir. About 8,000 farmers were to be settled 
on this land, most of them from other parts of the 
country. In addition, the Right Bank main canal 
was to be extended so that water could be brought 
to the 800-ha Badagiriya System located outside 
the Kirindi Oya Basin. Diversification away from 
rice into other crops would help the additional 
water supplies go further. 

Phase I of the project-the reservoir and the 
two main canals and portions of the new settle
ment area-was completed in 1986, but most of 
the construction envisaged under phase 2 was 
abandoned and the new land irrigated amounted 
to only 5,265 ha. The reason was simple: during 
planning, water availability had been overestimated 
by at least 30 percent. The initial appraisal put 
average annual inflow to the reservoir at 392 

International Irrigation Management Institute 
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million cubic meters. A restudy carried out in 1986 
gave a figure of only 314 million cubic meters. In 
fact, inflow since 1986 has been significantly less 
even than this revised figure. This planning fiascomade conflict among farmers ,almost inevitable. 

Because they were the traditional users, farmersin the Ellegala System claimed priority in the 

allocation of water over users in tile new areas-a 
claim that many agency officers at first accepted. 

The new settlers were not well organized and many 

of them were unfamiliar with irrigated agriculture, 
making them less able to defend their interests, 

Table I shows the areas irrigated for all seasons 
from yala 1986 to yala 1993. Until 1992, the 
Ellegala farmers have emerged as the main beneficia
ries of the new construction, having experienced 
irrigation of virtually 100 percent of their area in 
every season except two. The two exceptions-maha 
1986/87 and yala 1987-were seasons of severe 
drought. In contrast, new areas had few seasons in 
which a high proportion of the land was irrigated, 
During maha 1986/87, many settlers lost their crops 
when the reservoir ran dry. 

Tile new scheme has, then, failed to provide a 
livelihood to its intended beneficiaries. Many of 
these have abandoned their allotments or rented 

Table 1.Areas cropped inKirndi Oya, 1986-93 (inha). 

New areas - Ellegala 
Season Paddy Other Total Paddy Other 

I cI crops 
Yala 86 1,012 0 1,012 4,293 0 
Maha 86/87 648 0 648 3,402 0 
Yala 87 0 0 0 0 0 
Maha 87/88 4,293 0 j 4,293 4,050 0 
Yala 88 2,430 0 I 2,430 4,050 0 
Maha 88189 
Yala 89 

4,293 
1,903 

0 4,293 
1i,903 

4,050 
4,050 

0 
0) 

Maha 89/90 2,430 0 2,430 4,050 ( 
Yala 90 0 324 1 324 4,050 0 
Malha 90/91 4,293 607 1 4,900 4,050 0 
Yala 91 0 389 389 4,050 0 

IMaha9925,062 162 5,2241 4,050 0 
Yala 92 
Maha92/93 

0 
1,293 

)
(1 

1
4,293 

101
4,0501 00 

Yala 93 0 8 81 1,620 810 
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them out. Others live elsewhere and come to work 
their land only when irrigation water is being issued. 

In 1986, two separate Project ManagementCommittees, one for Ellegala and one for thle new 
areas, were set up. In 1990, these were merged, 
forming a single forum at which to discuss water 
allocations. This strengthened the voice of thesettlers in the negotiating process. In addition, 

agency officers were becoming more sympathetic to 
the settlers' appeals for a fairer share of the water. 

Matters came to a head in April and May 1992, 
when the extra demand for water caused by cultiva

tion of a late maha crop in the new areas coincided 
with an unusually dry yala season (see Box). 

YALA 1992: DISASTER INELLEGALA 

When the single Project Management Committee 
was formed, Ellegala farmers at first boycotted its 
meetings, suspecting that it meant to curtail the 
priority access to water they had enjoyed so far. 
Their suspicions were confirmed when the com
mittee decided to authorize late rice cultivation for 

the maha season in tracts 2 and 5 of the Right
Bank's new areas. Cultivation would extend into 
May, depriving Ellegala farmers of part of the water 
for their yala crop. 

When the committee met' 

Total March, irrigation from a single
 
Total tank in the Ellegala System had
 

already started. At the meeting, the 
4,293 5305metng 
3,402 4,050 

0 0 pointed out that the water level in 
1 4,050 8,343 Lunugamvehera was too low to 

4,050 6,480 allow cultivation of the whole of 
4,050 8.343 
4,05( 5,953 Ellegala. An argument arose over 
4,050 6,480 just how much water was available. 
4,050 4,374 

4,050 8,950 The meeting ended with a decision 
4,050 4,439 to allow one further tank to 
4,51 9,274 irrigate, but to postpone decisions 

101 i()l4,050 8,3413 on the rest until the rains had set 
2,430 2, in. 
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reresntaivesencurainggate to the Ellegala feeder canal, blocking waterwithsom famerswith some farmers' representatives encouraging deliveries to the old sche~me so as to obtain more for 

Another meeting was held in late April. 
Irrigation Department officers explained that there 
would be a shortage even ifonly the areas in which 

cultivation had already begun were irrigated. Given 
the poor season, the officers counseled caution in 
relying on late rainfall. Despite this warning, the 
Ellegala farmers demanded water allocations forriceforthereminin it-Elegaa aeas.Thecom 
rice for the remaining Ellegala areas. The commit-
tee resisted this demand, deciding to wait untilmore rain had fallen. 

This decision was unsatisfactory to the Ellegala 
farmers, who organized a demonstration in protest. 
In response, on I May, a further meeting was held, 
at which the officers again explained that there was 
not enough water and that it was unlikely that 
etiough rain would fall in the late season to make 
up the deficit. However, the farmers demanded, 
and this time got, water issues for the whole of 
Ellegala. 

At the request of the Irrigation Department, 
meetings with farmers were held in areas where 
cultivatings wihfarme rey begun toargatcultivation had not already begun, to warn against
the risks of harvest loss. But cultivation went ahead, 

But the worst was still to come. During the 
1992/93 maia season, the allocation process broke 
down altogether, leading to open conflict (see Box). 

1992/93 MAHA: OPEN CONFLICT 
Under the allocations announced by the Project 

Management Committee in lateJuly 1992, only a 
third of the new areas was to receive sufficient water tocultivate a rice crop. Awave of unrest in the new areasutvt ieco.Awveo neti h e ra 
followed the announcement. A final meeting of the 

committee on 19 November failed to satisfy farmers in 
Left Bank tracts I and 2 and Right Bank tract 1.An 
independent farmers' organization was formed, and a 
delegation of farmers took the problem to the Minister 
of Lands, Irrigation and Mahaweli Development. The 
Minister agreed to issue water for rice on 20 
December provided that all plowing be completed by 
that date using rainfall only. 

When Irrigation Department employees tried to 

deliver water on this basis, they were threatened by 
angry farmers, who had heard that the Minister had 
ruled that water for rice should be made available toall. Left Bank farmers cut the cables controlling the 
gaetthElgaafdrcnlbokgwtr 

farmers to cultivate so as to maijtain their priority 

rights to the water. 

As the season progressed it became clear that 
the worst fears of the agency staff were being 
realized. Rains were lighter than usual and failed 
altogether in mid-June. Water issues stopped on 2 
July, when the level in Lunugamvehera fell 2 feet 
below the minimum operating level. This stoppage 
was necessary to protect domestic water supplies to 
the new areas. Ellegala farmers protested to the 
State Minister for Irrigation. As a result, another 
1,215 hectare-feet of water was released, but the 
Irrigation Department stopped releases for good on 
23 July. 

The result was total crop failure in all parts of 
Ellegala except for the command areas of the two 
tanks where cultivation had begun early. About 
three-quarters of the total Ellegala crop was lost. 

their own tracts. 

On 25 December, a new delegation of farmers 
met the Minister, who ordered that sufficient water for 
rice be released to all parts of the three tracts from 27 
December. One consequence of this decision was the 
loss of the nonrice crops that had already been planted 
over at least 260 ha. In many cases, these crops were 
simply plowed under. Many of the farmers who 
planted them are now claiming compensation from 
the government. 

In the end, the maha rice crop turned out well 
throughout Kirindi Oya. However, the season 
extended into May, once again requiring the use of 
yala inflow to the reservoir and so constraining the 
production of the yala crop in Ellegala. In other words, 
farmers in the new areas had obtained a rice crop at 
the expense ofpart of the Ellegala crop for the 
following season. 

International Irrigation Management Institute 4 



The breakdown of the 
allocation process was . .. 

characterized by disagree
ment on each of the three 
vital ingredients of an 
allocation system mentioned 
above. 

Disagreement over water 
supplies centered not on the 
level of water in the reservoir, 
which was known, but on its 
interpretation. Officers -.

refused to count water below Sujficient and reliable water deliveries tofir-mers willflcilitateother improvements to 
the mhniml operating level system pelfrrmance. 

as available for irrigation, 
since its equitable delivery to farmers could not be 
guaranteed and in any case this water was reserved 
for domestic supplies to the new areas. In general, 
they adopted a more conservative position than 
farmers, since this allowed .hem some leeway if late 
rains failed or inflows were overestimated. On the 
demand side, there was uncertainty over the amount 
of land planted to crops other than rice. 

File most obvious case of disagreement over the 
principles of allocation was the claim by Ellegala 
farmers to absolute priority and the rejection of that 
claim by new area farmers and, increasingly, by 
agency officials. A more subtle source of disagree-
ment concerned who should grow nonrice crops, 
which demand less water. Government and agency 
intentions to promote diversification, which had 
been written in to tile original expansion plan for 
Kirindi Oya, continue to be thwarted by farmers, 
who perceive rice as a relatively risk-free crop 
compared to other cash crops. In addition, landlords 
demand that tenant farmers grow rice, since there is 
no legal provision for rents on other crops. 

The Project Management Committee is recog-
nized as the legitimate decision-making body, but its 
lack of a legal status leads to circumvention. All 
parties made use of alternative decision makers when 
the committee failed to reach a decision in their 
favor. 

Sustainable Management of Water Delivery and Disposal 

Under these difficult conditions IIMI has been 
working with agency officials in an attempt to 
improve the water allocation process. 

The Institute's final report on phase I of the 
project had led to the appointment of a special task 
force to investigate the issues surrounding water 
allocations. The task force in turn appointed a 
subcommittee to propose a new approach. 

The subcommittee put its proposals to farmers 
at a meeting in May 1992. The basic principle was 
that of rotation, with different portions of the system 
receiving water for rice or nonrice crops each season. 
Farmers rejected this approach, presenting instead a 
set of recommendations aimed at making it possible 
to cultivate the whole of Kirindi Oya every season. 
Their proposals, which included a switch to banana 
for part of the scheme, reflected a degree of wishful 
thinking regarding water supplies. 

In June 1992, a new Technical Committee was 
formed, consisting of IIMI and local agency officials. 
This committee began by reexamining the inflow 
data for the reservoir. Inflow levels for three different 
types of season were specified: a dry maha, a wet 
maha and a normal yala. The committee also sat 
about refining estimates of demand, based on three 
types of crop: rice, other irrigated crops, and rain-fed 
crops receiving only supplemental irrigation. In this 
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way, it was hoped to improve the information base 
for decision making on allocations, 

The improved data on supply and demand 

became the basis for allocations for the 1992/93 
maha season, which revisited the rotation idea 
proposed earlier. Events during this season led the 
committee to revise its proposals yet again. The 
outcome is a complex set of rules that seeks to 
respond to the season as it unfolds, while striking a 
fair balance between the interests of the two groups 
of farmers (see Box below). 

ROTATION: THE NEW RULES 

The committee proposed that: 

" 	 The new area (except for Left Bank tract 3) 
should be divided into three zones of about 
1,620 ha each, one on the Left Bank and two 
on the right. During maha, two out of three 
zones would receive water for rice and the third 
for rain-fed crops. The area designated for rain-
fed crops would rotate among the three zones, 
If, by the end of December, the maha season 
was judged to be a wet one, the area designated 
for rain-fed crops would receive water for a late 
rice crop following the harvest of the rain-fed 
crop. If the maha season proved dry, the rain-
fed crop zone would receive water for a nonrice 
crop during the following yala season. The areas 
designated for rice would receive no water 
during the following yala. 

* 	 Ellegala would receive water for 100 percent 
rice cropping during maha, and for 70 percent 
rice and 30 percent other irrigated crops during 
yala. 

* 	 Badagiriya would receive 2,025 hectare-feet of 
water during maha and no'hing during yala. 

" 	 Tract 3 on the Left Bank would receive water 
for nonrice irrigated crops during both maha 
and yala. This is an area specially designated for 
nonrice crops under the original expansion 
proposal. 

The key point is that some of the yala inflow 
to the reservoir would be used to grow the late 
maha rice crop authorized for the third new zone. 

This sanctions the allocation ofmaha 1992/93, by 
which Ellegala was the loser. 

It remains to be seen whether these rules will 
work, and whether they will be accepted by the 
powerful Ellegala farmers, who stand to lose their 
traditional exclusive rights to the Kirindi Oya's 
scarce water supplies. 

Despite or rather because of the conflicts, the 
past few seasons at Kirindi Oya have taught impor
tant lessons to farmers, agency officers and politi
cians (see Box below). 

LESSONS LEARNED 

The farmers of Ellegala learned that they should 
not distrust Irrigation Department data on water 
availability, and that it is unwise to disregard 
warnings of crop failure. One result of the disas
trous yala 1992 season was a massive change in the 
leadership of farmers' organizations. New-area 
farmers learned not only to be more vociferous in 
demanding water, but also that working outside 
the legitimate committee structure causes conflicts 
among themselves. By ignoring agency recommen
dations, both sets of farmers tested the limits of 
their powers in th- emerging context of participa
tory management. 

Agency officers learned that they must commu
nicate the reasons for their recommendations better. 
Farmers are unwilling to accept decisions which 
adversely affect their interests unless they have a 
good grasp of the alternative demands for water 
placed on the system and of the consequences of a 
breakdown in the accepted allocation process. 

The politicians directly involved learned not to 
listen to only one interest group, and to be more 
cautious in overturning the decisions made by the 
legitimate authority, the Project Management 
Committee. 
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Improving the Efficiency of Sudan's Gezira Scheme 

Two major studies on Sudan's Gezira Scheme were 
completed in 1993. The first, based on data col-
lected by HR Wallingford, investigated aency 
management of water deliveries at major and minor 
canal level, the second ilvest igated farmers' irriga-
tion practices and their impact on crop production. 
The latter study reflects IIM I'sincreased emphasison the performance of irrigated agriculture rather 
than that of the irrigation system alone, 

Lying close to the confluence of the White and 
Blue Niles south of Khartoum the Gezira isone of 
the world's largest irrigation schemes. Improving its 
performance could have a significant impact on 
Sudan's economic growth (sec Box). 

THE ECONOMIC CONTEXT 


The major crops of the Gezira Scheme are cotton 
and wheat. Except for cotton picking, which isstill 
done manually, all operations are mechanized. 
During the 1980s, the area cultivated t-)wheat rose 
sharply in response to govern: nent polici -sto 
increase irrigated cereal production, displacing 
cotton to rain-fed areas (see 
Figure 2). By the mid-1990s the 

open market and the provision of inputs and 

services by the private sector. Cotton, however, 
remains a state crop, earning its growers, who are 
paid at the official conversion rate for foreign 
currency, a mere 50 percent of the crop's "street" 
price. 

In a scheme of this size, water deliveries are 
in a eofthe ediries
m la
difficult to monitor because of the large distances 

involved and the complex network of major, minorand tertiary canals. In addition, many of the meth
ods and much of the equipment used are antiquated, 
dating back to colonial times. Irrigation operations 
ate frequently carried out unofficially or at least 
unsupervised, especially at lower levels of the system. 

The study of agency management used various 

indicators of performance to assess the adequacy, 
reliability and equity of water supplies. Three major 
canals were chosen-Zananda, Gamusia and Kab El 
Gidad-representing the head, middle and tail areas 
of the Gezira main canal. 

For major canals, the results showed that, while 
the amounts of water supplied in total were ad
equate, they iluctuated a great deal within individual 
reaches. This became apparent only when the 

area of wheat isexpected to reach Figure 2.Trends inareas devoted to wheat and cotton inthe Gezira Scheme.
 
300,000 ha.
 

000 ha
 

Despite this rapid expansion, 
300 

Wheat
12 

yields of wheat are highly erratic. 250
 

While on an upward trend, they
 
remain, at 0.5-2.3 tonnes per ha, 200
 
well short of the potential under
 
irrigation. The fluctuation is 150
 
somewhat less in cotton but still
 
significant, and yields of cotton 100 
have tended to stand still in recent 
years (.see Figure 3on page 8). 50 

The government has recently 80-81 82 83 84 85 86 87 88 89 90 91 92 

deregulated the production of YEAR 
wheat, allowing its sale on the In1985 no wheat was planted due to shortage ofwater. 
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Figure 3. Trends Inyields ofwheat and cotton Inthe Gezira Scheme. 
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analysis was conducted at the level of reaches, not 
when whole sections or control points only were 
investigated, since at these levels tile averaging effect 
masked the variations. This masking effect was also 
apparent for the equity results, which were much less 
impressive when measured for individual reaches 
than they appeared to be when measured along 
sections or at control points (see Figure 4 on page 9). 

In the case of minor canals, performance was 
even less satisfactory, probably due to poor supervi-
sion and the poor condition of control structures 
along these canals. 

Another important finding was that surface 
drainage, officially denied by officials, isin fact 
widespread in the scheme. This is a major indicator of 
inefficient water use. The Gczira Scheme was origi-
nally designed to allow the disposal of rain-water only. 
Under a 1959 agicement between Egypt and Sudan, 
the latter country issupposed to prevent over 
irrigation and the drainage of excess irrigation water. 

File Gezira Scheme is managed partly by the 
Ministry of Irrigation and partly by the Sudan 
Gezira Board. Minor canals at present fall into a 
kind of no man's land between the two agencies, 
with maintenance being officially the responsibility 

8 

of the Ministry and operation that 

of the Board. There isan urgent 
need to improve management at 

this level of the system. 

/ Much of the information 
collected in the scheme at present 
is unreliable. This isbecause field 
workers know that the data they 

pass to their superiors are seldom, 
if ever, used by them to manage 

the system. Under these circum
stances, why should they bother to 
ensure accuracy? Until inforrna
tion is seen to have a direct 
influence on system operation, its 

1989 1990 1991 collection will remain a meaning

less ritual. 

The study on farmers' irrigation practices 
revealed that water use efficiency (WUE) on the 
scheme remains very low. This was true even in a 
year when cropping conditions were ideal and yields 
rose substantially. Soil moisture content was high 
throughout the growing season, indicating substan
tial over-irrigation. The total depth of water applied 
was significantly higher than the values recommended 
by the FAG, usually by around 200 to 300 rm. 

Chiefly to blame is the rigidity of the socalled 
indent system-the system by which water is 
allocated. Despite the predominanc, of wheat and 
cotton on the scheme, water indents appear to have 
been set on the basis of the peak water requirement 
of the scheme's thirstiest crop, groundnut, which is 
less commonly grown. This high level isused in 
order to play safe. Estimates of the monthly water 
requirements for different crops grown on the 
scheme are available. They should be used to 
introduce a crop-based water allocation system. 

Up to 10 million tonnes of silt are deposited in 
the Gczira Scheme each year. Nearly 60 percent of 
this arrives during the first 3 months of the growing 
season, when the demand for water is relatively low. 
Better matching ofsu p'Ply with demand would 
prevent the diversion of unnecessarily large amounts 
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ofwater, thereby reducing the silting problem when demand peaks and shortages are widespread. As 
considerably. a result of these problems, serious inequity exists in the 

scheme, with tail ends being almost universally
Researchers commonly correlate crop yields with deprived of their fair share ofwater. 

the number of irrigations used. IIMI's results show 
that this approach often leads to false conclusions. No matter how much water isavailable, farmers 
While the number of irrigations may be identical, frequently resort to water piracy at present. To 
there may be considerable differences between fields discourage this, supervision at lower levels of the 
in the amount of water applied. The number of system should be improved, preferably with farmer 
irrigations can be correlated with yields only if the participation. Flow should be regulated according to 
flow rate and irrigation time per unit area are kept actual conditions rather than design specifications. 
constant--conditions that are certainly not met at Farmers should be made aware that over-itrigation is 
present. just as harmful as under-irrigation. 

The current interval between irrigations is 14 Among the main problems on farmers' fields are 
days. Field measurements showed that soil moisture that higher-lying areas, estimated at 5 percent of 
fell by an average of only 10 to 15 percent during total plot area, are subject to water shortages, while 
this period, indicating that the interval could be furrows and low-lying areas suffer from prolonged 
increased substantially without endangering yields. waterlogging. 

Parts of the scheme are now extremely run down. The current method of irrigating higher-lying 
In these areas, siltation, weeds and the malfunctioning areas isto construct dams on the abu ashreens 
of hydraulic structures have led to severe disruptions (watercourses). This practice lessens the gradient 
in the flow ofwater. Annual losses caused by dead between the minor canal and the abu ashreen, 
storage and canal overflow are estimated at 210 reducing flows so that farmers lose some of their 
million cubic meters of water, which isthe equivalent share of the water. Instead, higher lands should be 
of 40 percent ofsupply during the month ofJanuary, irrigated using water in dead storage, which is 

otherwise wasted. This water 
Figure 4. Differences Inthe equity i!'dex when measured ovet sectlisand reaches and at could be used if hand pumps were 
control points. installed. However, high labor 

Parameter for Enuity (PE) 	 costs may make this option 
0.7 	 impractical. 

0.6 

0.5 	 Up to 30 percent of water can 
be saved by irrigating two rows 

4 	 0.4- with each furrow. An experiment 
on moisture distribution in0.3u uncroppcd plots showed that 

Unstisac ty water infiltrates uniform ly up to 
-	 - '*1 t. 

Fair 	 about ). meters on both sides ui
0.1 the furrow within 24 hours of 

Good- - irrigation. This suggatCs it may 

PEC PES PER even be possible to irrigate three 
1988-89 0.09 0.29 0.52 
1989-90 b 0.08 0.24 0.59 rows per furrow. This practice 

The Middle Major (Gamusia) would reduce water consumption 
markedly. 
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At KirindiOya, Sri Lanka, IlMI provides assistanceto improve the waterallocationprocess. 

Abu sittas(field channels) currently take too longto convey water along their entire length. This 
tob coy wate alongveiree releng. Thcanals. 
problem could be overcome by relocating abu 

ashreensso that they run through the middle of their 
command areas instead of along one side of them, as 

at present. This would reduce the length of the abti 
sin-asby 50 percent. No new construction would be 
needed to implement this. Instead, half the com-
mand area of each abu ashreen would simply be 
transferred to its neighbor. This move would also 
discourage the construction of unauthorized field 
channels by farmers-a widespread practice at 
present. 

As a result of its studies, IIMI made detailed 
recommendations covering immediate action to be 
taken by management, new equipment and facilities, 
training requirements, and research needs (see Box 

RECOMMENDATIONS TO THE AGENCIES 

Action 

At present, water levels and gate openings are 
routinely recorded only along main canals and 
at the heads of major caills. This practice 
should be extended to lower levels in the 

system, including all control points along major 
To improve the credibility of the data 

reported by gate operators, tighter supervision 
of operations should be introduced. 

Actual deliverics should be routinely compared 
with targets. 'Where there isa mismatch, this 
information should be more rapidly conveyed 
to the relevant person, using the scheme's 
telephone system. 

Water distribution should be evaluated on the 

basis of individual reaches rather than larger 
sections or control points. This will help 
identify pockets in the scheme where allocations 
are inequitable or unreliable. 

Immediate steps should be taken to improve 
distribution at the tertiary level, which is 
frequently unsupervised at present. 

To detect problems of siltation and infestation 
by weeds, managers should incorporate mainte
nance indicators into their data collection and 
analysis procedures. 
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The desilting of minor canals, currently the 
responsibility of the Ministry of Irrigation, 
should be handed over to farmers. 

Equipment and facilities 

* 	 To monitor flows efficiently, gauges should be 
installed at the sluice gates on the main and 
major canals. Where possible, they should 
record the flow directly in volume terms-
thousand cubic meters per day-instead of in 
terms of water levels, centimeters or meters. 
This will make it easier to tell whether or not 
targets are being met. 

" 	 For remote locations where the telephone link 
isnot yet available, walkie-talkie equipment 
should be provided to key staff. 

* 	 To speed up data processing and analysis, 
computers should be provided to the scheme's 
senior managers. 

Training 

" 	 Field staff should be trained to monitor and 
evaluate water deliveries and to take corrective 
action where necessary. This training should be 
provided by the Water Management Advisory 
Unit of the Sudan Gezira Bkard. 

" 	 The Ministry of Irrigation should also organize 
local training programs for its staff. This 
training should provide staffwith the necessary 
skills to evaluate hydraulic performance of main 
and major canals, using relevant indicators, 

Research 

Since the use of flow measuring devices is 
problematic under the extremely flat conditions 
of the.Gezira Scheme, flows should be deter-

mined by calibrating existing irrigation control 
structures at regular intervals. 
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0 	 Losses due to evaporation, seepage and human 
interference need to be quantified. 

0 	 The extent of surface drainage should be 
measured, so as to determine the net amount of 
water supplied to crops and fields. 

0 	 The development of maintenance needs over 
time should be monitored, together with 
changes in efficiency resulting from mainte
nance work. 

Simple tools and methods are needed to 
improve the management information available 
at the level of minor canals. This should 

stimulate improved flow of information 
between staff of the Sudan Gezira Board and 
the Ministry of Irrigation. 

Water deliveries at the lower levels of the 
system should be studied in further detail, to 
identify the causes of unsatisfactory perfor
mance. 

Pakistan: IsSalinity Here to Stay? 

The origins of soil salinity in the Indus Basin are the 
subject of controversy. In the belief that salinity is 
primarily associated with waterlogging, past attempts 
to cure the problem have focused mainly on lower
ing water tables through the pumping of groundwa
ter-a practice that farmers were keen to adopt 
anyway because it increased the reliability of their 
water supplies. The sinking of public and private 
tubewells gathered pace in the 1950s and 60s, and 
the conjunctive management of groundwater and 
surface water is now common throughout the state. 

But during the 1980s, the use of groundwater 
came under growing suspicion. Low quality ground

water with a high salt content might be making 
matters worse, not better. Research by IIMI, re
ported in the Institute's 1992 Annual Report, 
suggested that tail-end farmers experienced greater 
salinity problems than those in the head and middlesections, the reason being their greater dependence 
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on poor quality groundwater. Meanwhile, Pakistan's age facilities to lower groundwater tables, or in other 
Directorate of Land Reclamation (DLR) indicated words that management interventions alone would 
that the steady decline in the saline area of the not suffice. 
Punjab recorded since the 1950s had come to a halt 
during the mid-1980s, and had even gone into Data on soil salinity and sodicity were collected 
reverse in some areas. in farmers' fields for 18 sample watercourses at three 

sites, Farooqabad, Pit Mahal and Hasilpur. For 12 
Soil sodicity isa less well known but perhaps of these watercourses, farmers' irrigation practices

equally serious threat to agricultural production in were also monitored. The data were collected during
the Punjab. A high sodium content in relation to three consecutive irrigation seasons, summer 1991,
other elements such as calcium and magnesium winter 1991/92 and summer 1992. 
causes clay to swell and clay, particles to disperse, 
leading to a loss of soil structure and reduced To assess the buildup of salinity, the electrical 
permeability. The adverse effects of sodium on soil conductivity (EC) of both soils and irrigation water 
properties depend strongly on total salt content, as was measured. The possible detrimental effect of 
measured by the electrical conductivity of soil sodium was assessed by measuring the sodium 
solutions. adsorption ratio (SAR) of saturated soil samples. 

In 1989, IIMI's Pakistan program began a 3- At the same time as field data were collected, a 
year project on waterlogging and soil salinity. The soil water flow model, known as SOWATSAL, was 
objective was to identify management improvements used to simulate the processes ofsalinization in the 
that would mitigate these problems. It was decided upper 2 meters of the soil. An attempt was made to 
that IIMI would confine its research to areas where validate the model in different irrigation environ
levels of salinity were still fairly low. The assumption ments, so as to be able to predict future trends in soil 
was that areas with high levels would require drain- salinity. 

Table 2.EC and SAR levels of soil samples from fields Inthe command area of selected I .-ble 2 shows trends in 
wal3rcourses. soil EC and SAR over the

EC I(dS/m) AR period of tile survey. TheJune Nov June Nov June Nov n figures for EC suggest that 
atercour 8 .92 91 91 92 92

Ghourdlour IL 0.9 0.9 1.6 
farmers managed to keep444.6 5.9 24
 

Mananwala 24R 0.7 
 0.7 1.4 2.6 3.3 5.2 48 salinity n check. Only in a
Mananwala 71R 2.6' 1.6 9.91.6 9.0 84 few watercourses were many
Mananwala 141 3.3' 3.1I 18.Ot 45 fields fcund in which salinity
Mananwala 143 5.4' 1.9' 2.3 17.0 48Junejvala 81. 2.0' 2.8' 1.6 1.9 8.3 9.0 48 had increased by tile end ofJunciwala 29R 2.7" 3.4' 2.8 2.0 17.5 11.1 48 1992, which was an excep-
Juncjwala 46L 2.2" 3.6" 1.8 2.5 10.1 11.4 44
Pir Maial 133 6.8' 4.5' 2.9 14.1 184 tionally wet year. Indeed, theAzin 201. 1.1 1.6 3.7 6.0 120 study identified farmers' fields
Azim 43L 1.3 3.4 3.1 9.9 120 where salinity levels fell from
Azim 631. 1.7 2.2 1.3 1.5 8.9 4.7 6.5 72Azim I11, 4.8 2.1 2.3 1.8Fordwalt 141R 2.3 2.2 6.2 11.1 13.0 56 8 dS/m, a level damaging to6.1 .7 120ordwah Hit(Fordwah 416R 1.0 2.2 5.71.0 1.0 3.83.8 5.9 120 crops, to lower than 3 dS/m!1 20
 
Fordwah 621t 1.1 
 2.4 1.5 1.4 10.4 6.7 6.7 60 within two to three seasons. 
Fordwah 130R 1.1 1.4 1.4 1.2 9.2 6.8 56 52

Faei84 . 2.1Fateh 1841R 2.4 1 1.5 22 1.6 i On average, SAR levels5.1 _91.1 8.0 48 O vrgSRlvl 

,Mes,ren e,ts tatketn by ,1ref,,,,r-clecrode probe did not change significantly
t Slightly lower values were fitund fir three other filds in Mtmanwala 141 It. over the survey period, 
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suggesting that sodicity may 
be a greater problem than 
was previously thought. In 
some locations, SAR levels 
improved over one or two 
seasons. Desilting operations 
may have played a part here, 
making more water available ,- 
for leaching. 

The data show that, " . V 

contrary to findings reported 
earlier, there isno clear 
overall trend of increasing 
EC and SAR levels with Soil salinity is exacerbated by the excessive use ofpoor qualiy groundvater. 
increased distance from the 
head of distributaries or watercourses. There are cases 
in which this istrue, but plenty of others in which it is 
not. In the watercourses of the Junejwala minor canal, 
for instance, EC and SAR levels are significantly lower 
at the tail end than at the head end. 

The hypothetical correlation between tail-end 
locations and the buildup ofsoil salinity was based 
on two assumptions: first, that tail-end farmers 
invariably use a higher proportion of groundwater, 
and second, that the quality of this groundwater 
must be inferior to that found near head ends. 
Neither assumption can be sustained as generally 
true on the basis of the current data set. 

For example, during winter 1991/92, the tail 
watercourse Fordwah 130R had more water than 
did Fordwah 62R. Again, measurements of the 
quality of pumped groundwater in the sample 
watercourses of the Fordwah command area showed 
no declining trend from head to tail, either at 
distributary or at watercourse level, 

The decreasing trend in salinity obtained by 
analyzing soil samples was confirmed by farmers at 
Hasilpur, where a rapid survey of 200 farmers using 
40 watercourses in the Fordwah and Azim distribu-
taries revealed that a majority had observed declining 
salinity levels over the past 6-7 years. 

The fact that farmers have managed to keep 
salinity at bay ishighly encouraging. They have, of 
course, been helped by low and falling groundwater 
tables. In all but a few fields the water table was 
sufficiently low to allow leaching and not cause any 
upward movement of salt through capillary rise. 

By ins:alling tubewells and participating in the 
water market, farmers have gained increased flexibil
ity in supplies. They can now vary the interval and 
depth of water applications more accurately accord
ing to need. This is particularly important for soils 
affected by salinity, the chief effect of which on crops 
is to deprive them of water. This effect can be 
mitigated by supplying irrigation water more 
frequently preventing soils from drying out. A 
survey in the Hasilpur area showed that farmers 
using tubewell water applied water on average 1.5 
times more frequently than those who used none. 
The average annual depth of applications among 
tubewell users was 115 mm (20 percent) greater than 
among non-users. 

There isevidence that farmers using tubewell 
water obtain better yields than those who do not. 
Besides being able to manage salinity better, these 
farmers also invest in more inputs such as fertilizers, 
improved seeds and land leveling. Their guaranteed 
water supply makes such investments less risky. 
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The EC levels in irrigation water were also 
generally low. Only where canal water isscarce and 
groundwater is of relatively low quality did they 
exceed the safe limit. An interesting example was 
provided by Fateh 184, where farmers succeeded in 
reducing the level substantially between the summer 
of 1991 and that of 1992. To offset saline ground-
water, they drew more good quality canal water. 

In contrast, nearly 40 percent of the irrigation 

water used in the sample areas was found to pose a 

sodicity risk. Water deemed unfit by this standard 
was found almost equally present in all sample 
watercourses. 

The data showed no significant correlation 

between the quality of irrigation water and cropping 
intensities. Nor did salinity appear to have a marked 
effect on crop yields at any location. Other manage-
ment factors are at work, including the number of 
ploughings and the quantity of seed used. In the case 
of cotton, farmers were observed using more seed 
when EC levels in irrigation water were high, 
thereby anticipating losses after germination, 

The validation exercise conducted on the model 
brought less interesting results. The model cannot 
account for variations in the efficiency of leaching, 
caused by such factors as the preferential flow-paths 
of water through soil, uneven water applications on 
poorly leveled fields, and changes in the frequency of 
irrigation. Reasonably good correlations were 
obtained for cotton and sugar cane, but those for 
wheat were poor. 

The main conclusions of this study are shown in 
Box. The study has opened up a new possibility--
that of building on farmers' own efforts to manage the 
salt content of their soils. Participatory on-farm work, 
assisting farmers' own experiments, will be the 
appropriate way forward for this new line of research. 

SOIL SALINITY: SOME NEW INSIGHTS 

The study reached the following conclusions: 

* 	 Farmers can successfully manage salinity, 

provided they have access to irrigation water of 


reasonable quality and water tables are not too 
high. Salinity levels in some sample areas have 
declined over the past 3 years and do not 

The development of tubewells has provided 
farmers with a tool for improving their irriga
tion and salt management. Farmers are now 
more able to vary the depth, frequency and typeof irrigation according to need. 

The hypothesis that irrigation managen'.nt can 
tackle salinity only in areas wlhere the problem 
is incipient is a myth. Even where salinity levels 

were high (EC of 8 dS/m), farmers were able to 
reduce them in one or two cropping seasons. 

The factors affecting the spatial distribution of 
saline groundwater are complex. Such water is 
not invariably associated with tail-end locations. 
Proximity to groundwater recharge areas (large 
main canals or link canals) appears to be an 
important determinant. Field conditions, crop 
choice, rainfall and the management practices 

of farmers also play a part. The many variables 
involved make predicting salinity very difficult. 

There is an urgent need for further research to 
capture the development of salinity over time. 
One hypothesis that needs to be tested is that 
salinity is related to the age of the tubewell. 
There are some indications that installing a 
tubewell leads to a short-term decrease in 
salinity levels as the water table falls, a trend 
that is later reversed as groundwater is repeat
edly recycled. Other variables needing investiga
tion are the depth of the water table and 
whether it is rising or falling. 

Sodium levels may pose as serious a threat to 
crop yields as salinity. More needs to be known 

about the effects of high SAR values on soil 
texture and their interaction with salinity levels. 
Further research is also needed on the definition 

of critical thresholds, which may well be lower 
than was previously thought. National efforts 

Internatinal Irrigation Management Institute 14 

http:managen'.nt


should go into the development of gypsum, the 
conventional remedy widely used elsewhere but 
accessible to few Pakistani farmers at present. 
Other possible solutions should also be ex
plored. 

Simple links between different phenomena 
(e.g., waterlogging and salinity, poor quality 
groundwater and salinity, tail-end locations and 
salinity) can be misleading. 

COMPUTER APPLICATIONS 

Improving the Adoption Rate 

The number of decision support tools developed by 
irrigation researchers has proliferated in recent years. 
Yet despite the widely acknowledged need for such 

tools, IIMI has had only moderate success in 
persuading managers to adopt them. In 1993, the 
Institute anal)ed the reasons for failure and pro
posed a new approach designed to increase adoption 
rates in the future, 

Since the late 1980s, IIMI has studied the use of 
some 20 decision support packages at various 
locations in six countries (see Table 3 on page 16). 
The tools range from relatively simple databases, 
such as the Irrigation Management Information 
System (IMIS), to sophisticated scheduling models 
such as INCA, for matching water supplies to 
demand. IIMI has developed its own software in-
house and has also used packages developed by other 
agencies. 

The reasons for success or failure revolve 
primarily around: 

• The nature of the package itself, 
• The nature of the intervention. 

" The tool development process. 

" The roleoflIMI. 
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Tubewelldevelopnent has enabled Pakistanifirners obtain 
betteryields aid exercisegreater control over soil salinity leveh. 

Nature of thepackage 

Typical failures here include tools that are un
friendly, inflexible or apparently irrelevant. 

Many tools are unfriendly to those at the early 
stages of computer literacy. Some are unfriLndly 
even to more advanced users. A hastily developed or 
inadequately tested tool may still contain bugs, or 
the tool may require large amounts of data that have 
not been (and cannot be) collected. Alternatively, 
users may have difficulty in interpreting or trusting 
the output of the tool. 

Geographical information systems are the worst 

offenders here. They are complex, requiring a great 
deal of patience and training if users are to become 
confident. The process of digitalizing maps is 
frustratingly slow. Similarly, the Anderson-Maas 
model, used to assess crop water requirements in 
Indonesia, presented special difficulties, requiring 

highly tedious data input formatting in which a 
single error could lead to the failure of the program 
to run. 
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Table 3.Decision support packages tested by IIMI. 

Type of tool (and software) used 

Water balance model 

(spreadsheet "TARC") 


Probability inflow model 

(Spreadsheet "PRO") 


Management simulation model 

(COMA) 


Management information system 

(IMIS) 


Management information system 

(IMIS) 


Management information system 

(IMIS) 


Open channel hydraulic simulation model 

(RBMC, SIC) 


Open channel hydraulic simulation model 

(RBMC, SIC) 


Open channel hydraulic simulation model 
(SIC) 

Open channel hydraulic simulation model 

(SIC) 


Open channel hydraulic simulation model 

(MISTRALURAJBAH) 


Water balance model 

(ROSES) 


Expert system 

(NEXPERT) 


Linear programming package 

(Lindo) 


Open channel hydraulic simulation model 

Crop water requirement and scheduling model 

Scheduling model 

Planning and scheduling model 

Salinity model 

(SOWATSAL) 

GIS Package 


Loution (and date) 
of intervention 

SriLanka 

(1991) 

Sri Lanka 
(1992) 

HQ 
(1990) 

SriLanka 

(1991) 

SriLanka 

(1991) 

Pakistan 
(1991) 

SriLanka 

(1990) 

Pakistan 
(1992) 

Pakistan 


(1992) 

Burkina Faso 

(1992) 


Pakistan 
(1990) 

SriLanka 

(1993) 

India 
(1989) 

SriLanka 

(1991) 

Pakistan 
(1992) 

Pakistan 

(Sri Ltnka, 

Sudan) (1987) 


Indonesia 

(1988) 


SriLanka 


(1992) 

Pakistan 
(1990) 

Pakistan 

(1992) 

Tool developer 

IIMI (HQ) 

IIMI (SLFO) 

IIMI (HQ) 

IIMI (HO 

IIMI (HQ) 

IIMI (HO 

CEMAGREF/ 
IIMI (HO 

CEMAGREF/ 
IIMI (H-1d 

CEMAGREF/ 
IIMI (HQ) 

CEMAGREF/ 
IIMI (HQ) 

SOGREAH/ 
IIMI (PAK) 

CONSULTANT/ 
IIMI (SLFO) 

COMMERCIAL/ 
IIMI 

COMMERCIAL/ 
IIMI 

DELFT 
HYDRAULICS 

FAO 

HARVARD 


HR 


WALLINGFORD 

USU 


ITC HOLLAND 

An inflexible tool is 

one that cannot be adapted 
to the environment in 

which it is used. For 
example, early versions of 

the Simulation of Irrigation 
Canals (SIC) program were 

unable to cope with the 
type of outlet structure 

found in Pakistan, having 
been designed for systems
in Sri L'nka, where a
difn in is ue 
different design isused.
 

Even if a tool is user

friendly and flexible, itwill
 
still if it 
fail does not do
 

something that the user can 
identify with. Generating 
the same outputs as those
traditionally obtained 
manually should be the 

first area of application 
when introducing a new 

tool. This builds trust and 
stimulates interest in trying 

more innovative applica
tions later. 

Nature of the intervention 

Decision support tools 
should not be introduced 

in isolation but only as part 
of a comprehensive effort 
to improve management 

attitudes and performance. 
Moreover, they have to be 

introduced at the right level 
in the management 

hierarchy. Operational 
tools introduced at middle 

management level depend 
on a strong data collection 
and transmission system at 
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junior management and field levels. For example, 
the introduction of SIC on the Kirindi Oya Right 
Bank was at first unsuccessful because no database 
was available, so managers were unable to appreciate 
its usefulness. Once IMIS had been established, the 
prospects for using SIC improved. 

In the more bureaucratic agencies, decision-making packages are frequently anathema to middle 
managers, who simply do not like taking decisions, 
especisly if this means departing from established 

downialby ftinr esMan geny 
procedures laid dotool 
staff prefer not to risk continuing to use a decisionStij~O~oce p~ckae verandhe plotproectisSupport package once the pilot project is over and 
the partner institution has withdrawn. 

A classic example is the use of the RAJBAH 
model for assessing the benefits of selective desilting 
in Pakistan. No one disputes the validity of theprforanc imrovment 
model, nor the performance improvements it brings. 
Yet the package remains completely Unused by 
anyone other than IIMI researchers. This ispartly 
because the tool itself requires large amounts of field 
data for calibration. However, institutional resistance 
is also extremely strong, with the agency concerned 
reluctant to change its current methods of allocating 
maintenance budgets. 

mode, nr te itbrigs, 

These dificulties highlight the importance of a 
careftul diagnosis ofnprolems before attempting to 
introduce a decision support package. If tools are 
developed without this process being followed, the 
end result is often an intervention looking for a test 
location-a tell-tale sign ofsUpply-driven research 
carried out without due regard for users' needs. 

Tool developmentprocess 

Various modes of intervention are possible when 
developing and introducing decision support 
packages. These range from a 'turnkey' approach, in 
which the user receives a ready-made package, to 
more participatory approaches in which the user 
telects the tool and adapts it to local circumstances, 
or even plays a role in tool design and development, 

Sustainable Management of Water Delivery and Disposal 

The mode of intervention must be chosen carefully, 
since it affects the timespan and costs involved, as 
well as the chances of success. IIMI's experiences 
show that participatory approaches tend to be more 
successful, especially if the tool isto be institutional
ized rather than used to solve a one-off problem. 

Tool development and adaptation take time,
requiring continuity of funding and stable institu
tional conditions. The short timespan of many
donor-funded projects, including those of IIMI,
makes them unsuitable testing grounds. The field of

development is an obvious example of the way 
in which the trend away from core funding preju
dcsln-em taei eerh 
dices long-term, strategic research. 

Role ofllMI 

When IIMI first began developing decision supporttools there was some resistance from staff and 
stakeholders, who felt that such an activity did not 
fl ih nt eI si u esc m aai ea v n a efall within the institute'scomparative advantage.
 
hey argued that other institutions were better
 

placed to develop tools, and that role was to
hmMI's 
test and adapt them. 

Analysis showed that this adaptive research role 
has not been very successful. Tools developed 
without IIMl's involvement have met with low levels 
of acceptance by agency staff. Success has occurr.- d 
either when IIMI has developed tools itself or, more 
often, when it has worked closely with tool develop
ers in identifing and articulating the real needs of 

tendency to work in this way. 

Action Packaqe 
IIM/II has developed an action package to increase the 
success rate of adoption. The package iscurrently 
being tested in two irrigation systems, the Kirindi 
Oya Right Bank Main Canal System in Sri Lanka 
and the Fordwah branch canal system in Pakistan. 

Having identified the different modes of 
intervention, the package describes three stages in 
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the intervention process. The first is the diagnostic 
phase, in which the key constraints to improved 
performance are identified and an appropriate 
decision support package isselected. Next comes the 
action phase, consisting of the installation of the 
package, training in its use, and the seiring up ofany 
additional data collection required (see Box ). Last is 
institutionalization-the process by which the 
intervention isintegrated within the adopting 
institution, which becomes its 'owner.' 

THE ACTION PHASE 

The action phase has nine steps: 

1. 	Define the prototype tool with the canal 
manager. Using the results of the diagnostic 
phase, the researcher and the system manager 

agree on a provisional configuration of the tool 
and its expected role and impact. 

2. 	 Survey the physical system. The permanent 
data required by the tool must be collected. In 

the case of flow simulation, these cover such 
areas as control structures and canal topogra-
phy. 

3. 	 Build staff awareness. Staff involved in, or 

affected by, the installation of the tool are 

brought into the process, usually through a 

meeting convened by the manager to explain
 
the tool and its uses. 


4. 	 Set up a data collection and transmission 

system. The availability of dynamic data (e.g., 

on discharges) is reviewed. Where new data are 

needed, data collection formats are designed, 

and staff are trained to record, transmit and 
enter data. 

5. 	Introduce data analysis. This enables managers 
to build a picture of how the system under their 
control performs over time. Together with their 

staff, they can now identify operational prob
lems and discuss possible solutions. 

6. 	 Examine the validity of current targets. Real 
performance can be compared with targets and 
discrepancies identified. Steps can then be taken 
to improve or revise the rules and procedures 
underlying the setting of targets. 

7. 	 Initiate control activities. Where gaps between 

measured and targeted performance are de

tected, control operations can be introduced. 

8. 	 Tackle special difficulties. For the most compli
cated decisions optimization tools can be used 
and, if necessary, the proposed decisions tested 
using simulation models before they are 
introduced. 

9. 	 Evaluate impact. The effects of the package on 
system performance should be assessed at the 
end of each season. This enables improvements 
to be proposed. 

The diagnostic phase at Kirindi Oya revealed 
the importance of improving distribution operations 

so as to make the most of the system's scarce water 
supplies. It also highlighted the critical role of 
seasonal planning for deciding on rational alloca
tions. 

At Fordwah, inequitable deliveries resulted from 

deficiencies in the operations of the main distribu
tion network. The equity objectives espoused by 
system managers were being subverted by operating 
staff under pressure from specific groups of farmers. 
In parts of the command area, the buildup of soil 
salinity posed a serious threat. Scheduling, distribu
tion, on-farm practices and drainage were all critical 

areas. 

The action phase at both locations confirmed 
the varidity of the nine-step approach depicted in the 
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Box. Staff involvement proved a prerequisite to 
success, with the joint survey (step 2) creating the 
basis for more intensive collaboration in the develop-
ment ofan improved data collection and transmis
sion system (step 4). Staffat Fordwah took the 
initiative during the latter step, frequently requesting 
the joint calibration of structures. The introduction 
of data analysis (step 5) was pivotal in securing the 
commitment ofstaff. At Kirindi Oya, how to set 
and achieve targets became a major subject for 
discussion between the manager and his staff. Tile 
fact that the impact of interventions could be seen 
brought home the value of the intervention. In both 
schemes, the anldysis of data is now fully operational. 

In Kirindi Oya, the database proved especially 
usefi when the manager faced an inquiry by an 
independent committee over alleged unfair alloca-
tions. The transparency of past distribution helped 
him defend his decisions. 

At both schemes, introducing p.ublic display 
boards in and outside the manager's office brought 
immediate benefits. Providing a handy overview of 
the system for the first time to managers and staff 
together, the boards constituted a focal point for 
discussing and clarifying the problems of water 
distribution. 

Farmers and field staff said that greater aware-
ness of water distribution on the part of the manager 
had led to increased accountability at lower levels of 
the system. The number of gate manipulations 
decreased in both -,stems, reducing the fluctuation 
of water levels in the main canals. 

It istoo early yet to tell what the outcome of the 
institutionalization phase will be, but the signs so far 
are encouraging. The manager at Kirindi Oya has 
appropriated the intervention and performed 
training in other schemes. On a visit to Pakistan in 
1993, he stressed tile effectiveness of the tools he is 
using in providing a good information system. The 
progress of institutionalization in Sri Lanka is 
summarized in Box . 

Sustainable Management of Water Delivery and Disposal 

INSTITUTIONALIZATION OF WORK ON
 
DECISION SIIPPORT PACKAGES INSRI LANKA'S
 

IRRIGATION DEPARTMENT
 

Mid-1980s: 

Isolated initiatives by enthusiasts; no institutional 
support. 

A few pilot interventions by foreign consultants or 
organizations, importing software, skills and 
computers; no widespread impact, but some useful 
site-specific results and increased general awareness. 

1992: 
Establishment of the Irrigation Research Manage
ment Unit (IRMU) as the research arm of the 

Irrigation Department. 

1993: 
IRMU organizes a national workshop analyzing 
past experiences in the use of decision support 
packages as a basis for planning future efforts 
leading to the formation of a working group on 
decision support packages within the Irrigation 
Department. 

1994 onwards: 
Work will continue at a broadening range of 
locations, with IRMU playing a coordinating role. 

The establishment of the IRMU within the 
Irrigation Department as an institutional 'home' for 
evaluating and promoting innovations was a big step 
forward, serving as a catalyst in the formation of a 
dedicated working group on decision support 
packages. Thus a long process ofawareness building 
has crystallized in a new national initiative that 
operates relatively independently of IIMI. 
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THEME 2: PERFORMANCE ASSESSMENT AND IMPROVEMENT
 

Improving the performance of irrigated agriculture is 
the objective of all IIMI's work. But, in complex 
systems such as those of irrigation, what exactly 
constitutes good performance? High yields of 
irrigated crops are obviously an important indicator, 
bur they do not tell the full story, since water and/or 
other inputs may have been used profligately and 
unsustainably to obtain those yields. In addition, 
yields may be high in one part of the system-near 
the head end-bit low for farmers at the tail end, 
who are often deprived of their fair share of the 
critical resource. Clearly, in assessing performance, 
efficiency criteria will be just as important as those of 
effectiveness. And criteria for sustainability and 
equity will be needed alongside those indicating 
productivity. 

The primary aim of IMI's research under this 
theme is therefore to develop methods for use by 
policymakers and planners in assessing performance. 
In addition, IIMI conducts various studies with the 
aim of directly improving performance in individual 
systems. 

In 1993, IIMI and its partners conducted 
important strategic research on the development of a 
framework for assessing performance, accompanied 
by a comprehensive set of indicators (see Box ). The 
concepts and methods developed as part of this 
research have been, and will continue to be, tested 
and applied in studies on various irrigation systems 
in the developing world. This year we report on 
three such applied studies. The first presents a 
capacity audit approach designed to mae the 
assessment process more objective. It examines the 
validity of this approach by applying it to irrigation 
systems in Sri Lanka, India and Pakistan. The 
second investigates the performance assessment 
practices currently used by managers in Nepal, Sri 
Lanka and the Philippines, with a view to finding 
out whether these actually helped them to improve 

performance. The third study analyzes main system 
management on large-scale schemes in India and Sri 
Lanka. 

Several studies related to performance improve
ment were completed during the year. We have 
chosen to highlight diagnostic research conducted in 
Burkina Faso, which yielded important data on the 
performance of reservoir-based systems tinder farmer 
management. Two major studies to improve the 
management of Sudan's Gezira Scheme were also 
completed, but because of their major emphasis on 
water delivery and disposal these are reported under 
Theme 1 (see page 7). 

DEVELOPING AFRAMEWORK:
 
SOME NEW CONCEPTS
 

If they are to improve irrigation performance, 
managers need a conceptual framework that helps 
them understand the context of their efforts and 
make the best possible use of the data they are 
collecting. The complexity of irrigation systems
their multiple managers, clients and stakeholders 
and the different objectives they must meet-has 
hindered the development of such a framework in 
the past. 

IIMI's research, conducted in collaboration 
with the International Food Policy Research 
Institute (IFPRI), the International Institute for 
Land Reclamation and Improvement (ILRI) and 
the international Institute for Hydraulic Engineer
ing (IHE), has led to the development of several 
important new concepts that help to clarifty 
thinking on the subject. These concepts fall under 
two major approaches. 

The first approach is that of nested systems, 
reported in detail in IIMI's 1992 Annual Report. 
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Here the irrigation system is thought of as the 
lowest level in a hierarchy, in which the outputs of 
one level become inputs into the next. The five 
systems in the hierarchy are the irrigationsystem, 
the iriatedagriculturesystem, the agricultural 
onomic system, the ruraleconomic system, and the 

ponetico-ecanomic system. Another important
concept in this approach isthat of the three 
different kinds of performance measure. These are 
process measures,which are internal to a system and 
assess that system's efficiency in delivering outputs, 
output measures,which describe the quantity and 
quality of outputs at the point where they become 
inputs into the noyt higher system; and impact 
measures,which gauge the impact of these outputs 
in a broader context. 

The second approach is direcdy related to the 
task of diagnosing and improving organizational 
performance. In this approach, performance has a 
twofold definition, consisting of the degree to 
which an organization's products and services meet 
the needs of its clients, and the efficiency withwhich the organization uses its resources. The 
major concepts here are that of the management 
process (see Box on page 24), and the performance 
assessmentsystem (see Box on page 24). 

For diagnostic purposes, three different catego-
ries of performance may be identified: water supply 
performance, which deals with the primary respon-
sibility of irrigation managers; agriculturalperor-
mance,which covers such direct effects of irrigation 
as area cropped, cropping intensity and yields; and 
economic, socialandenvironmentalpeformance, 
which assesses tie indirect broader impact of 
irrigation. For each category, IIMI and its partners 
have developed a set of relevant indicators. 

This resL-irch is reported in detail in a prize-
winning synthesis paper shortly to be published inIrrigationandDrainageSystems. 

Performance Assessment and Improvement 

PERFORMANCE ASSESSMENT 

Audtingthe Capacityto Improve Performance 
Evaluating the performance of an irrigation system is 
often a highly subjective business. On the basis of a 
brief survey, an observer comes to an opinion as to 

whether the system is performing well or badly.
Often these initial impressions prompt him or her to 
make recomnendations that serve as the basis for a 
subsequent project. 

This approach is fraught with danger. The 
assessment is greatly influenced by the experience 
and skills of the observer, who brings personal biases 
and interests into the process. It is likely to be based 
mainly on physical evidcnce-the condition of 
canals, the growth of crops, variations in deliveries 
between head and tail, and so on-since informa
tion of this kind can be gathered fairly quickly and ik 
relatively easy to analyze. The less tangible aspects of 
performance, such as participation by farmers in 
decision making, or the capacity of the system to 
respond to changing needs, tend to be ignored. 

IIMI has developed an approach that helps to 
overcome these problems. The aim was to make the
 
evaluation process 
more objective and systematic,
providing observers with a common set of questionsthat will enable them to predict a .;ystem's capacity 
for change and to compare capacity across systems. 
A firther aim was to help observers identify those 
areas of asystem in which change is most needed, 
and hence the kinds of intervention required. 

The capacityto improve performance differs 
from the potentialfor improvement. A system that 
performs poorly may have a high potential to 
improve performance but a low capacity to actually 
do so. Conversely, a system that isalready perform
ing well may have less potential for improvement 
but a greater capacity for it. 

The capacity audit consists of five sets ofquec:,ons 
covering: 

• 	 Design: Can the system's physical inffrastructure
be managed so as to meet system objectives? 
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" 	 Operation and maintenance: Are water deliver-
ies planned and implemented, and is the system 
maintained in such a way as to enable objectives 
to be met? 

* 	 Data collection: Is sufficient information being 
collected to determine whether targets and 
objectives are being met? 

* 	 Management framework: Are data used as part 
of a systematic process of control and evalua-
tion? 

* 	 Incentives and willpower: Are tile individuals 
and organizations involved in system manage-
ment sufficiently motiv~ied? 

Using the answer' to qucstions in these five 

areas, it ispossible to score different systems, en

abling their capacity for improvement to be assessed 
and compared. 

IIMI tested this approach by applying it retro-

spectively to five irrigation systems in which it has 

worked in Sri Lanka, India and Pakistan. Two of the 
systems had been subject to a long histor) of inter-
ventions to improve their performance. These 
systems were scored twice, to capture performance 
before and after the interventions, 

Table 4 shows the results. The total score, at the 
foot of tile table, indicates the relative ease with 

which performance can be improved, with a high 
score indicating good capacity. A low score does not 
mean that the system is beyond hope, but it does 
mean improvements will be harder to achieve. 

The individual scores for each set of questions 
are also important. Scores for specific sets provide 
guidance for the design of interventions, indicating 
whether the emphasis needs to be placed on physi
cal, managerial or institutional improvements. This 
allows the evaluator to select interventions more 
systematically, choosing only those that best address 

the identified constraints rather than those that
happen to be in vogue. Many institutes, including 
IIMI, are guilty of promoting an innovation because 
it is thought to have been successful elsewhere or 

because it lies within the expertise of a particular staffmember. 

Conducting the audit before and after an 
intervention makes it possible to see whether the 
intervention really worked, or merely brought about 
a 	 oterm iproeent. 

The scores allow several hypotheses to be put 
forward for further testing: 

* 	 If the total score is low, then the probability of a 
single intervention proving successful isalso low. 
Improvement islikely to require a combination 
of two or more interventions. 

At Inginimitiya, a single inter-
Table 4.An audit of the capacity to improve performance infive Irrigationsystems. verition was chosen-the 

Gal Oya Gal Oya Mahi Kirindi Kirindi Ingini- Chashma introduction of a computerized 

(1981) (1993) 

Design 1 2 


Operation and 1 2 

maintenacnce 

Data collection 1 2 

Management 0 1 
framework 

Incentives and 0and 
willpower 

Total 3 1 8 

Notes 	 0 = Low capacity for performance improvetment. 
I = Moderate capacity for pertormance improvement. 
2 = I ligh capacity for perfioance improvement. 
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Kadana Oya Oya mitiya Right Bank decision support system that 
(1993) (1989) (1993) (1993) 

2 1 1.5 
1 1 .5 1 

1 1 2 1 

1 0 2 0 

6 4 8 3 

(1993) 

would enable managers to better 
match water deliveries with crop 
demand. The intervention failed 

0 because management showed 
0 little interest in using the system 

stffwere not organized to 
collect the necessary data. 

I 

* 	 A low total score also suggests 

that the time required to 
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a different approach may now be needed. In 
these cases it is probably best to start with the 
institutional dimension, since this sets the scene 
for other improvements. Change will be slow 
and expectations must be modest at each stage, 
until the entire package is in place. 

A high total score suggests that a single appropri
ate intervention has a high potential for further 
improving performance. 

At Mahi-Kadana there are few design con
straints and officials express considerable interest 
in improving performance. The single interven
tion proposed isthe introduction of a better 
management information system. This will help 
managers correct weaknesses in system operation 

•__ and maintenance. 
Several studies related to perfinrmanceimprovement were 
coinpeted in1993. 
 Attempting to improve a low score in one area 

improve performance will be significant, making of concern while allowing others to remain at 
long-term commitment necessary. zero isunlikely to result in significant perfor

mance improvements. 
An unsatisfactory system in 1980, Gal Oya was 
working well by 1990. However, it took the If the audit indicates a serious constraint in one 
entire 10 years, and a substantial investment of or more areas and only moderate constraints in 
US$20 million, to reach this level of perfor- others, improvements in performance will be 
mance. limited if the package does not address die more 

serious constraints. At inginimitiya and 
The current low score ap Inginimitiya suggests Chashma, interventions were too limited in 
that short-term inputs will have little or no scope, whereas at Gal Oya and Kirindi Oya they 
impact. The conditions here are similar to those were more comprehensive. Managing several 
at Gal Oya in 1980 and Kirindi Oya in 1986. A interventions at once is more difficult than 
long program of phased interventions is likely to managing only one, but it increases the chances 
be needed. of success in the longer term. 

Avery low total score may require a radical The study concluded that the audit isa useful 
rethink of project objectives, tool for analyzing the capacit. of a system to 

respond to management interventions, and for 
At Chashma, where the total score is very low, identifying the type of intervention that will be 
the mix of interventions required is even more appropriate. It ,alsohelps to predict whether 
complex than at Gal Oya. A rehabilitation improvement is going to be comparatively 
project has been attempting to promote a simple, having a relatively short gestation period 
change florn supply- to demand-based water and relying on asingle intervention, or whether 
deliveries, but there has been so little progress in a mix of interventions spread over a longer time 
realizing this objective over the past 8 years that period is required. 
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Using the audit in retrospect may provide IIMI 
and its partners with insights into why some 
projects have been more successfil than others. 
This learning process should enable them to 
design better projects in the fiture, 

CurrentPractices and theirImpact 

Understanding current ptrformance assessment 
practices isa prerequisite to introducing better ones. 
Yet surprisingly, little information isavailable on 
how irrigation managers actually do assess the 
performance of their systems. And there is still less 
information on the critical queston of whether 
assessing performance makes a difference. Do 
systems that assess their own performance tend to 
perform well? 

To answer this question, IIMI compared 
performance assessment practices and actual perfor-
inance in three irrigation systems-Pathraiya in 

Nepal, Inginimitiya in Sri Lanka and Nayom-Bayto 
in the Philippines. Data were collected through field 
visits and by analyzing previous research results and 
agency records. 

The study examined three hypotheses. The first 
was that a complete and effective management 
process is a necessary condition for achieving goodperformance (see Box below), 

MANAGEMENT PROCESS 

The management of irrigation, like that of other 

fields, may be thought of as a cycle consisting of 
the following sets of tasks: 

Planning: The process by which objectives are* 

st, operational targets are identified and 

implementation is planned. 


" 	 Implementation: The agreed plan is put into 

action, usually by middle management and 

staff. 


Monitoring: Management information is 
collected so that implementation can be 
checked to ensure that operations are carried 

out efficienty. 

Evaluation: Performance is analyzed to deter
mine whether the objectives were met. The 
results of evaluation are fed back into the next 
planning stage. 

If one or more of these sets of tasks isabsent, 
the cycle isincomplete and consequently ineffec
tive. The quality of the cycle also affects perfor.. 
mance. Even if the cycle isostensibly complete, 
weaknesses at any point will lead to lower levels of 
performance. 

The second hypothesis isthat the use of a 
performance assessment system isalso a necessary 
condition for achieving good performance (see Box 
below). 

THE PERFORMANCEASSESSMENTSYSTEM 
An effective system for assessing performance has 
the following characteristics: 

0 The collection of a minimum set of data that 
ae c c tion of a ailabl to maa onare accurate and made available to managers on 

time and in a usable format. 

* 	 A clearly defined set of targets for the manager 
to aim for (and standards describing the 

acceptable iange of values around targets). 

0 	 A set of performance indicators combining 
taiget values with actual values (usually in the 
forn1 of ratios). 

° 	 A capacity to use the performance data to 
monitor operations and evaluate the results. 

If one or more of these characteristics are 
absent, the performance assessment system is 
incomplete and therefore ineffective. 
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In assessing performance, two questions must An effective managem-et process and a system 
be answered: for assessing performance are necessary but not 

sufficient conditions for achieving good perfor
"Am I doing things right?" This question mance. The creation of institutional conditions that 
addresses operational performance. Answering enable or require managers to imprwe pcrfoe'mance 
it requires regular measurements of the sy.tem's isalso essential. Public-sector irrigation organizations 
inputs and outputs. in developing cou,'-es have a bad record in this 

respect. Few mare available the necessan, human 
" 	 "Am I doing the right things?" This question and financial resources for running irrigation systems 

addresses strategic performance. That is, efficiently. Even fewer provide incentives tr doing 
whether available financial and human re- so. Accountabili, to clients is rare and bad perfor
sources are being used effectively and whether mance goes unpunished. New management practices 
achieving operational targets also meets the are often introduced into settings lacking th
broader objectives of the system. ;astitLtional conditions n-ecessary for their success. 

The managers of canal irrigation systems are- IIMI's third hypothesis, therefore, was that 
or should be-concerned with both types of institutional conditions whicli both enable managers 
performance. Higher-level managers, as well as to do their jobs well and provide them with the 
policymakers and planners, tend to be more neccssary incentives are prerequisites for achieving 
concerned with strategic performance, good performance. 

Table 5shows the presence and 
Table 5.Presence and quality of the management cycleInthe three syteirs. quality of the management cycle for the 

Management cycle 	 System . three system.;s. The differences' bctween 
Nayom-Bayto -Pat-raiya Nnginimiti- ayom-Bayto and the other two are 

Planning." striking. Nayom-Bayto possesses a clear,Plear objectivesn 	 2 1 systematic management cycle which is 

Specific targets 	 2 1 1 rigorously pursued by manage-i,ent and 
Consutation with farmers 	 2 I 2 staff. Both the other systems have 
Systematic feedback of 2 0 0 
previous season's results serious weaknesses in their cycles. They 
,%~pignentation: 	 do not assess performance and a
Follows patn 2 2I 	 strategic management process is lacking 
Flexibility (responsive to rain, etc) 2 2 I altogether.

Communication of changes to farmers 2 
 2 1 

Monitoing: The performance indicators actually 
Regular data collection 1 0 1 used in th, three systems are 'shown inIndicators: comipare actual2tart 	 1 Table 6 on page 26, organized accord-
Indicators used to adjust 2 0 0 ing to the categories of performanc.

operations (")oing things right?") identified in the Bo on page 24. in
 

Evaluation: spite of important iaps, tile assessmcnt 
)ata tsed to atalyze results 2 0 0 system at Naynm-Bayto is well devel("Doing right tirung?")....it.ri..t.ht....-oped compared with that cFthe other 

Total score 21 10 9 two systems, covering a wider Span of'

Perccttage of possible score 95 
 41 	 san45 1 categories to an acceptabl- standard. 

Notes: 0 = absent. The most imrortant indicator used he,.-
I = present but flawed or ineffective.
 
2 = pr.ent, effective. 
 is the viability ind.-:.--the ratio of 
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income from farmers' dues to expenditure by the Neither agency has a systematic process for evaliat
agency. This is used both as a measurement of ing staff performance, and neither offers incentives 
financial performance and as a proxy for farmers' for good performance. Staff iii both systems are 
satisfaction with the agency's service, more interested in their construction duties (for 

which there are incentives) than in operating and 
Nayom-Bayto also stands out by reason of its maintaining the system efficiently. 

incentives to both managers and staff. Salary incre
ments are determined through a formal performance Table 7 on page 27 summarizes the data on the 
rating system in which points arc given for the actual performance of the three systems. Not 
system's water use efficiency, cropping intensity, surprisingly, Nayom-Bayto emerges as the strongest 
maintenance record, rate of collection of farmers' performer. 
fees, and viability (income compared to expendi
ture). Bonus points are given for exceeding targets. The indicators on financial viability are what set 
Staffat all levels receive cash incentives when the Nayom-Bayto apart from the other two systems. 
performance index isbetter than 1.These positive This is the only system in which farmers pay irriga
institutional conditions appear to have had an tion service fees. The agency concerned uses finan
important impact on staff motivation. cial criteria both as its major indicator of system 

performance and for evaluating its own staff. These 
In contrast, officials at both Pathraiya and are highly significant factors in its superior perfor-

Inginimitiya seem to lack motivation and display mance. 
little interest in the performance of their system. 

Aside from having a complete 
Table 6.Performance Indicators actually used by management agencies Inthe three and relatively effective management 
systems. cycle and making systematic use of 

System Performance indicators used performance indicators, Nayom-
Bayto has two other features absent

Water delivery Agricultural Other from the other systems: astrategic 

Nayom- Supply status Area irrigated Viability index management process, in which
 
Bayto Paddy yields Collection efficiency farmers and the agency review the
 

Cropping intensity Irrigation authority
 
farmer feedback performance: results obtained at the end of each 
Maintenance: contract performance, season and adjust the targets for the 
canals satisfactory fee collection, next season accordingly; and an 
total canals efficiency, 

no. of meetings institutional setting that rewards 

Ingini- Reservoir !,vels performance in terms directly linked 
mitiya Water duty (total Crop calendar: actual Farmer satisfaction to system management objectives. 

sluice release/area) planned Farmer incomes Through the use of its viability index, 
Season start date this system achieves greater account-

Actual deliveries/ Last water issue date 
rotation schedule End of land preparation ability than the other two. 

Farmer feedback The study concluded that having 
Maintenance: a performance-oriented institutional 
Dates farmers clean Intensity, yield pr er ie nt 
field csannels/date informally noted setting is a prerequisite to the intro
expected duction of an effective management 

Path- Actual deliveries/ None None cycle, including both a performance 
raiya rotation scsedule (yield and area data assessment system and a strategic 

collected but not used) management process. These ingredi

ents aie key determinants of irrigation 
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Table 7.Actual performance of the three sysiems. also looked at various factors to deter-
System mine their influence on management

Indicator Pahraiya . Nayom-Bayto Inginimitiya_ performance. These factors included size 
Water supplyperfo,-mance of system, the ratio of water supply to
Water delivery Not measured Not measured Reservoir only demand, the physical condition of the 
Efficiency Not measured Not measured Actual 114% 

planned system, the management resources, the
Adequacy Poor Acceptable Poor degree of farmer involvement and the 
Predictability Acceptable Acceptable Poor availability ofa system database. 
Equity Poor Acceptable Poor
 
Maintenance Poor Acceptable Poor The results suggest that water
 
Agi-,lturdper2o,,ance shortages have a beneficial effect on 
Area: actually irrigable 1333 1500 2643 management performance, acting as adesign (ha) 1840 (72%) 2000 (75%) 2550 (104%) shock to the system.' Despite its prob-
Cropping intensity: actual 140 164-169 79 

design 10O (140%) 179-185 (92%) 165 (48%) lems, water-scarce Kirindi Oya was the 
Yield: actual (t/ha) 1992 2.43 3.85 (85%) 3.54 (88%) only system in which agency officials 

design ? 4.50 4.00 made serious attempts to stick to targets 
Economic viability and to manage by objectives. This may
Total financial be contrasted with the much less

viability (%) Low 119 
 35
 
F'inancial self- impressive performance of management

sufficiency Low o.k. Low at Gandak, where the demand for
 
Fee collection (%) No fee 99.6 No fee irrigation water isrelatively low.
 
Profitability 
 No data No data No data
 
Social viability No data No data No data 
 Both the Sri Lankan systems differed 
Environmental from the Indian systems in two imporsusta i abi l i ty No d ta N o dat a No datat 

- _________ a t r s e s , t e d g e o f a mrant respects, thle degree of farmer r 

involvement and the development of
 
performance. Policymakers should focus their efforts system databases.
 
on creating these conditions, rather than on attempt-
 Sri Lanka has adopted a policy of participatory

ing to introduce practices for which there is no 
 management that calls for farmer involvement not
 
supporting framework and no incentive structure. only at tertiary levels of the system but also, jointly
 

with officers, at system level. No such policy has
 

Scarcity Leads to Efficiency: Main System Manage- Figure 5.Mainsystemmanagement process
 
ment in India and Sri Lanka 
 F/gure __. ____nsystemmanagementprocess.
 

In 1993, IIMI completed a comparative study of Objective Setting
 
main system management in five large-scale irriga- Water Allocation
 

tion systems-Uda Walawe and Kirindi Oya in Sri 
Lanka, and Eastern Gandak, Mahi-Kadana and Target Setting 
Tamiravaruni in India. The aim was to identify and Scheduling 
relationships between management, system perfor
mance, and tile physical and institutional feat .res of Operation and 
the systems. 

The study investigated the degree to which the 
four major steps of the management process (see Seasonal 
Figure 5) were adequately followed in each system. It ..
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Research on mnain system management in arge-scale irrigation schemes in India and Sri Lanka reveal that water scarcity leads 
to /fficiie,. 

been implemented in India. Among the Indian 
systems, farmers' organizations had evolved only at 
Tamiravaruni, where the gap between water supply 
and demand was relatively great and pressure tactics 
were used to influence managers' decisions on 
allocations. In none of the Indian systems except 
Mahi-Kadana were farmers consulted at the start of 
thle season on the area to be irrigated and thle cropsto be grown. 

In both the Sri Lankan systems, good data on 
water deliveries and other features were collected arid 
reported to system managers regularly. This was in 
large part due to IIMI's interventions. Among the 
Indian systems, only Mahi-Kadana had a satisfactory 
management information system, although this is 
not yet fully used by managers. 

[hese differences may partly reflect size differ-

ences. All the Indian systems are significantly larger 

than the Sri Lankan systems, making consultation 

and communication more difficult. 

Farmers' attempts to impose their wishes on 
system management were strongest in Kirindi Oya 

and Tamiravaruni-the two systems in which water 
was scarcest. In Tamiravaruni, management had 
failed to take changing cropping patterns into 
account: a switch to banana in recent years had 
markedly increased the demand for water and its 
time ofsupply. 

A iid yIM a enwrigwt h 
agency for 6 years to improve operations. There is asimilar, albeit more sporadic, history of outsiders 
working at Mahi-Kadana, but without similar 
impact. 

The study reached the tentative conclusion that 
systems must experience both water scarcity and 
outside pressure before management by objectives is 
fully adopted and applied. Outside pressure alone is 
not enough. In addition, system managers badlyneed methods and tools to support their decision 
making. Tools must rely on a fhamore detailed 

kn ge of systems tha mos mage cetl y 

knowledge of systems than most managers currently 
possess, implying the introduction of improved data 
collection systems as a condition for success. 
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PERFORMANCE IMPROVEMENT season, and about 0.5 ha to other crops in the dry 

season. 

Performance under Local Management inBurkina Though representing a good example of privateFasoahuhrpeetn odeapeo rvt

enterprise, this expansion has been inequitable, 

Most of Burkina Faso's larger irrigated schemes are causing tension between the privileged few and the 
located in the wetter southwest of the country, majority.
 
where rivers can be exploited. The smaller reservoir
based schemes are distributed mainly across the The water resource is also abundant at Dakiri,
 
central plateau, and are often clustered round the opening the way for a similar expansion there.
 
large urban centers that constitute their markets (see However, this has not yet occurred, probably
 
Figure 6). There arc about 70 such schemes in the because this scheme is relatively remote, with poor
 
country, totaling an irrigated area of around 3,000 roads linking it to distant markets.
 
ha.The five schemes studied by IIMI were
Mogt~do, Itenga, Gorgo, Dakiri and Savili. Average yields of rice exceeded 4 tonnes per ha 

at all schemes except Mogtddo (where they were 
The Gorgo and Itenga schemes suffer from a probably underestimated). These yields represent 

shortage of water, but at Mogtddo the water resource 65-80 percent of the estimated potential. Several 
is more abundant than was originally thought. This different rice varieties were used, but few farmers use 
has given rise to the spontaneous expansion of the certified seed. 
irrigated area, described in IIMI's 1992 AnnualReport (see Box ). Surveys of the Mogtddo and Itenga schemes

during the dry season revealed extensive vegetable 
cropping. The dominant crop was onion, which 

THE PRIVILEGED FARMERS OF MOGTEDO accounted for 50 percent and 28 percent of the area 
cultivated to vegetables on the two schemLs. At 

Most farmers in the Mogtddo Figure 6.Distribution of small-scale, reservoir.based irrigationschemes and location of
 
Scheme typically possess an study schemes in Burkina Faso.
 
irrigated holding of 0.25 ha, all of ....
M 

which is cultivated to rice in the 
wet season and less than half of 
which to vegetables in die dry 
season. However, around 15 
percent of farmers have been able O " ,n 

to use their social and economic . Y

standing in the community to ofD.W" 
bring under irrigation relatively - Vy '.GADOUGOU 

large areas of land lying outside SaviliADN *GorUo 

the system's official command 
area. On average, a privileged 0 D A 

farmer of this kind cultivates 0.65 y/ G ,oGo 
ha, comprising an official holding -A P S 

of 0.25 ha and an unofficial one , o YS.,M 

of 0.40 ha. The whole of this area ISOWEI-) 
TIOAD 

iscultivated to rice in the wet 
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Mogt~do, tomato and egg plant were Table 8.Returns to Irrigation water Intwo study schemes (wet season, 1992).
 
also widely cultivated. The range of Scheme 
 Reservoir Paddy Water useb Water use efficiency 
vegetables at Itenga was broader, releases production' per unit of land . .. .. .(m3) (kg) (m3/ha) kg/m3 US cei.:' 
en co mp assin g egg p lant, ok ra, tom ato , 	 (k )_______U_ _ _ _ _ S____ 

cabbage and maize. At Savili, farmers 	 henga 575,817 245,088 11,996 (I.426 12.7 

mainly cultivated beans for export, but 	 Gorgo 537,280 224,725 12,074 0.418 12.5 

tomatoes were also grown. At Dakiri, 	 : 106 (kg/hi) x 48 (1) inhenga aid 5(00 (kg/ha) x 44.5 (1m)in Gorgo.
 
:Railfal hasnutiecniaccuted 6ir.
almost no vegetables were cultivated, Clculed at 85 FC A/kg irfpaddy. and IS$ I = FCFA 285. 

Farmers preferring to cultivate rice 
during this season, presumably because it is easier to belying the myth that Africans do not make efficient 
store and market. No dry season cultivation is irrigators. 
possible in the Gorgo Scheme. Table 8 shows the 
water use efficiency at the Itenga and Gorgo schemes The schemes' performance in economic terms is 
during the 1992 rainy season. The figures compare shown in Table 9. The varying levels of annual farm 
favorably with those for similar reservoir-based income reflect the different cropping patterns and 
systems in north central Sri Lanka. Although the intensities. Net income is lowest (US$250) at 
Burkinab&farmers are new to irrigated rice growing, Gorgo, where water shortages allow only a single 
they are not markedly less efficient than their wet-season crop of rice. It averages around US$375 
colleagues in a traditional rice-growing society, at Itenga and Dakiri, where cropping intensities are 

Table 9.Average seasonal farm budgets ineach study scheme. 
Iakiri Mogodo P M o I1' Sasili I henga Corgo 

(0.16 ha) (0.25 ha) (0.65 ha) (0.25 ha) (0.22 ha) (0.23 ha) 
Item 	 Wet l)iy Wet Dry Wet )ry Wet Dry Wet Dry Wet iDry

season season season season season season :'season season season season season season 
Iec ntiage ulivated 100'. 100" ] 41%-0i 1001% 77% 100'o' 100'i 41P i I00'!)I
C<ss (F:C1A)
 

Seed 	 ( ( 19,555 9001) ,000
Ferilier (6.5)0 (6,51(0 12,500 6,600 32,500 



25,000 19,535 10,751 II,lliO 
'esticid:s ( ( 2.5110 C11,0) 5,0 	 1.7001,200 5,(0(1 1,5(0()


Wages 1.000 1000 '15,.000 I10,000 54,000 25,000 
 12,500 I0,0001(
[.ind 35.00 .,501 3.750 .6001 7,500 2,059preparation 	 5 '),750  I5.00 .
 
(tractor)
 
Inigation service fee 0 0 4,.22S 1.)00 10,985 5,l000 3.250 1 
 3,250 3,210
 
Pl11p operation 
 .t0,0I - , I 1,670
 
Other charges 
 36,800 I0,8501 500
 
To)tal 11.0001111,000 37,975 2(),4(00) 113.,735 114,300 - 52,819 29,000 18,700 

20,390
 

income (I-CFA) 	 I 
'addy 65,000 65,000 851010 1221.000 	 93.,5oo 97.750n 


Tonlato ['20.000 JS00o
 

()tfioo 	 120,00(0 60(},000I r40,(}0 i 
1.5 1 5i000 

Egg plant 	 60(1( 3Ao(ll 4,201o0(Okr., 	 i I 19Bealls 	 116Ji[ 19,11 
il 0,875 

Calage I 77001) , 
Maile 	 J I 6 2 i(, 1 2.000 i
 
Total 65.000 65000 :85.(01( 4 1221,000 71)000730.(1) 178,425 93.500 890 1
609 7,70 

Net jirstine er 54.1,10 54.01100 '47,025 125.6 107.265585,7 25,60, 64,500 12,190 71. 1
 
holding (1:A(Ia) 
 i '.
 
Net annuial (FCFA) 108,.000 17

2 
625 6 )92,9 6 5 125.(,66 106,690) 71.,36
,,,i,,n,,
per i
 

htilding (USS), 379 116 241 411 i 374 251 

'.ITwocaeguries offtriner ire distingUished fOrth1eShOgi&do Sclheie, representing rnral Iltiers (Niogto I .andprivilcgcd (Mogi/do I1).Irriner 
"IUSS = 285 [CIA. 
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140 percent and 200 percent, respectively. At the IIMI's research also revealed the links beveen 
other end of the scale are the privileged farmers of irrigated and rain-fed agriculture, the role of evapo-
Mogtdo, wha earn incomes of over US$2,000 a ration losses in limiting the potential for dry season 
year, part of which is redistributed as wages and cropping, and the importance of land tenure issues 
services. This class of farmers isemerging as the and the legal framework surrounding management 
driving force in transforming irrigated agriculture turnover. These issues are discussed under Theme 4 
from a subsistence activity to a commercial one with (see page 44). 
significance for national economic development. 

THEME 3: IMPROVING PUBLIC IRRIGATION ORGANIZATIONS AND 
SECTOR-LEVEL MANAGEMENT OF IRRIGATED AGRICULTURE 

Developing countries often 1 11A
 

suffer from long time-lags -,, 7i
 
between the generation of
 
new irrigation management
 
technologies and their 
 "
 
adoption by managers. The W
 
supply of innovations that, if
 
used, would lead to im
proved performance runs
 
way ahead of demand. Thc
 
reasons for this problem arc
 
complex, but they are
 
primarily to do with inapp:o- 7 .
 
priatc policies and ineffective In,'asedf!od ,radtciwn isa direct consequence q(/uell-managed irration.
 
public organizations.
 

Onily rarely do government policies facilitate and National des Amdnagements Hydro-agricoles 
encourage performance-oriented management, (ONAHA), in Niger, is typical (see Box ). 
either at local or at higher levels of public irrigation 
services. Sector policies have frequently evolved as a 
series of ad hoc measures rather than being based on PAINFULADJUSI MENT THE CASE OF ONAHA 
a systematic analysis of the range of possibilities and 
the trade-offs among dif[Trcnt objectives. And when Created in 1978, the parastatal ONAHA is Niger's 
policymakcrs attempt to intervene, the processes of only irrigation agency. At first, it was responsible 
policymaking, implnementation and assessment for both construction and management. It built 
frequently prove defective, new irrigation schemes, rehabilitated older ones 

and trained farmers in maintenance and field 
Ptublic-sector agencies often experience difficulty operations. Following a National Irrigation 

as they undergo reform. Tie case of the Office Conference in 1982, self-management by coopera-
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tives was promoted and the role of ONAHA began 
to be redefined. Today, only a single ONAHA-
paid Perimeter Director isassigned to each scheme 
as a technical adviser. For all other services, 
ONAHA charges cooperatives directly. Mainte-
nance and repairs are charged at fiill cost, but
training is partially subsidized. 

For the past few years, ONAHA has faced 
increasing operational oroblems. It is now at crisis 
point. Funding '.Or the construction of new 
schemes has all but disappeared. For political 
reasons, the agency has had difficulty in reducing 
its staff and operating costs. 

The agency's traditional donors back major 
restructuring. They propose that the construction
oriented Enterprise branch of ONAHA be either 
privatized or liquidated. Provided this isdone, 
several donors have pledged limited support for the 
service branch, which could continue to provide
training and maintenance services to cooperatives, 

Yet, iforganizations and policies can be appro-
priately reformed, tile rewards may be great. Past 
research by IIMI has shown that: 

" Public agencies that are financially autonomous 
and dependent on users' fees for a significant 
portion of their income tend to have better 
performance levels, 

" While the economic returns to constructing new 
systems have declined worldwide in recent years,
the returns to projects combining modest 
rehabilitation or other physical improvements 
with the strengthening of irrigation institutionscan be very high. 

In this report we present three activities carried 
out under this theme in 1993. To check whether 
IIMI's current research program is broadly in line 
with sector needs, a brief study on global food 
supply and demand and the implications for re-
search on irrigation management was conducted. 
Preliminary research on water narkets in Pakistan 
considered the implications ofa World Bank 

proposal on this subject. And a study on the institu
tional aspects of switching to crop-based irrigation in 
tile rehabilitated Lower Swat Canal in Pakistan 
produced results with important implications for 
both donors and public-sector agencies. 

POLICIES 

Food Supply and Demand: Implications for Irrigation 
Research 
A study completed in 1993 on global trends in food 
supply and demand confirmed tile relevance of 
IIMI's current program to the long-term needs ofthe irrigation sector. 

During the next century, the demand for food 
will continue to grow at 3 percent a year in large
 
parts of the developing world. This rate will be
 
sustained at least until the year 2025 in Asia, and
 
probably for considerably longer in Africa and the
 
Middle East. Most of the increases in the productionof basic food staples will have to come from in
creased yields. This isparticularly true of Asia, where 
there is little potential for increasing the area culti

vated, especially that tnder irrigation. Average yields
in this region will have to match tile levels currently
 
achieved in Japan if demand is to be met. In Africa
 
and Latin America, there is still some potential for 
expanding the area under irrigation, but the costs of
doing so will be too high for most countries. Almost
 
throughout the developing world, increased reliance
 
on irrigated agriculture will require much greater

emphasis on improving irrigation management. 

Among thle research priorities identified by thlestudy were several that are already central to IMI's 
program. They include the assessment of irrigation
performance, farmer participation in irrigation 
management, gender issues, tile depletion of 
groundwater resources, the contamination of 
irrigation water, the problems of waterlogging and 
salinity, the competition for water between urban 
and agricultural uses, and the problems of equity 
and sustainability in large-scale systems. 
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Encouraging the Development of Water Markets in 
Pakistan 

A recent World Bank report advocates the develop-
ment ofwater markets as a way of promoting greater 
efficiency in Pakistan's irrigation sector. The Bank's 
enthusiasm for this option rests on its apparent 
success in other countries (Chile and the USA) and 
on its general policy of privatization. 

The term water narketcovers o wide variety of 

situations (see Box). 


WHAT ISA WIATER MARKET? 

Water markets vary according to the following 
characteristics: 

Object of transaction 

When volumes of water only are traded, this isa 
lease or rental arrangement. This may be compared 
with the transfer of water rights, when the right of 
access to the water source changes hands, 

Use of traded water 
Water may be transferred within a sector orWtwermyben trns fed th agritn sector 

between sectors. Since the agriculture sector 


accounts for the bulk of water use, most transac-tions between sectors involve a transfer from 

agriculture to industry or domestic use. 

Level of transaction 

Water may be transferred between individuals, 
irrigation systems, public-sector organizations, 
private companies, provinces or countries, or any 
combination of these. 

Type of water 

Groundwater or surface water may be traded. The 
special characteristics of the two kinds of water 
influence the organization of the market. 

Movement of water 

Water may be exchanged between neighboring
farms or transported by tanker over long distances. 
In the simplest transaction of all-the exchange of 
irrigation turns in a surface irrigation system-it
remains in the same canal, merely leaving it at a 
different outlet. 

Mode of payment 
Payment may be in cash or in kind. The latter may 

involve sharecropping, credit arrangements, or the 

provision of labor. 

The past 20 years in Pakistan have seen the 
gradual development of water markets. Centered 
mainly on privately owned tubewells in the Punjab 
and the North-West Frontier Province, these 
markets operate largely at firm level and involve 
lease agreements rather than the transfer of water 
rights. In the wheat-cotton zone of the Punjab, some 
35 percent of farmers are reported to be ptrchasers 
of tubewell water. Elsewhere in the country markets 
are more limited, with the occasional exchange of 
canal or public tubewell water being the predomi
nant activity. 

Markets tend to be highly localized, with mosttransactions occurring within te same watercourse 

command area. The dry summer months are the
busiest period. Large landowners are the most activesellers, while purchasers tend to be tenant and small

cmadae.Tl r umrmnh r h 

scale farmers. Most arrangements are bidateral, i.e., 
there isno middleman. 

In areas where the quality of groundwater is 
good, farmers at the tail end of watercourses, who 
often receive little or no canal water because of the 
poor performance of the surface irrigation system, 

frequently sell their canal water turns to farmers at 
the head end. 

In some areas, transactions are paid for mostly in 
cash, but in others sharecropping or credit arrange-
Ments exist. Occasionally, water is exchanged for 
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labor, or against the rent owed by tenant farmers. 
Prices vary greatly, from PRs 12 to PRs 80 
(tJS$0.40-3.33) per hour of water application. 

Little is known about the impact of Pakistan's 
water markets on the quality of irrigation services, on 
agricultural production and on ti environment. 
Water purchases generally have a positive impact on 
cropping intensity, yields and gross farm income, 
The impact on yields appears variable, however, with 
sonic studies reporting that water purchasers had 
lower yields than tubewell owners, 

Allowing market mechanisms to redistribute 
water should, in theory, promote its more efficient 
use. It should also increase the flexibility of supplies, 
enabling demand to be met more filly and accu-
rately. 

Under the World Bank proposal Pakistan 
would: 

" 	 Formalize water markets and define individual 
water property rights, 

* Restructure the agencies responsible for operat-

ing irrigation systems as public utilities (one for 
each canal command area). 

by the World Bank. Water transactions would 
develop at three levels: between public utilities, 
berveen farmers' organizations and L tween indi
vidual members of farmers' organizations. To ensure 
financial viability, expenditures on investments and 
on operations and maintenance at each level would 
be recovered from the level bdow. One task of the 
utilities would be to facilitate water trading between 
farmers' organizations. 

The public utilities would have real autonomy, a 
hard budget constraint and a mandate for self
sufficiency. In the longer term, they would be 
privatized by selling the government's equity to 
private shareholders. 

Trable 10 on page 35 compares Pakistan's 
existing water markets with the institutionalized and 
filly developed water markets described in the 
World Bank proposal. There are several important 
differences. First, the World Bank proposal focuses 
on the transfer of water rights, whereas existing
markets involve lease agreements. Second, the scale 
of operations under the World Bank proposal is 

considerably greater, involving watercourses, distributaries and main canal levels. TPhe current market 

trates a d aicanalevels. T he ord 
operates at watercourse level only. Third, the World 

Figure 7.Institutional structure and potential for water markets inPakistan according to 
" Promote the development of the World Bank proposal. 

strong farmers' organizations. FEDERAL 
S Water all" PowlerDevelopment Authority (WAPDA)

Indus River System Authority (IRSA) Chief Engineer Advisor (CEA) 

" 	 Form new government 
agencies to manage water 
resources at provincial level 	 ProvincialWater Authority(PRA) 

and regulate the activities of PROVINCIAL P R 

the utilities and farmers' pncaReuatorCemmIssnPRC
 

organ7izations.
 

levelongthenatgthey implementral SYSTEM 	 Public Utility (PU) Public Utility (PU) Public Utility (PU) 

their current responsibilities
 
more efficieltly. DISTRIBUTARY [Farmer Organization (FO)r Farmer Organi=tahn (FO)
 

These proposals are summ a- I F. r.RLS - i _ 
rized in Figure -7,which shows the WATERCOURSE Memhers of FO 

institutional structure put forward awuertrading activities 
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Bank proposal covers canal water Table 10. Comparison of existing with proposed water markets. 
only, taking no account of Characteristic 

conjunctive use. Yet '0 percent 


of supplies under the current Main source of 


system come from public and traded water 


private tubewells. And fourth, 
Level of wateronly the quantity of water is trading activities 


considered by the World Bank. 

Characteristics Such as quality 

and reliability have been omitted, 

despite strong evidence that these 

influence the price of water. Institutional 


arrangements 

'File most serious reservations 
regarding the World Bank 
proposal must be leveled at its-- - .-----.--. 
institutional assumptions. Control of 

external effectsDespite the failure of all past 

attempts to introduce water 

users associations in Pakistan, Transaction costs 


the proposal assumes that these 

can be formed and sustained. It is 

also optimistic in its belief that
 
current irrigation bureaucracies at
 
provincia; and federal !evel can be reformed. llMl's 

experiences dictate a more sober assessment. 


IIMI's preliminary study concludes that the 
differences between the existing and pioposed water 
markets are so great that analyzing the effects of the 
current water markets does not pro, ide a basis for 
predicting the impact of the World Bank proposal. 
The impact on equity is particularly difficult to 
forecast. 

MANAGEMENT 

System Modernization in Pakistan: AMissed Oppor-
tunity 

During the 1980s, the Lower Swat Canal Irrigation 
System in the Mardan District of Pakistan's North-
West Frontier Province underwent extensive remod-
cling, 

Current water markets 

* 	 Mainly private tttmwell 
water in l'unjah and NWFI' 

* Mainly cinal water i,, Sind 

* 	 Localized, mostly within 
watercourse c0ttuntand area 

-

* 	 Informal water lease 

agreements 


.	 No established water rights
(or rights linked ce facto 

with land ownership) 

.	 Few external effects as 

transactions are local 

External efl'cts not 


considered 

• 	 Very low 

Itncluded in other socio-
economic relationships 
(laadlhtrd, tenant etc.) 

Proposed water markets 
I (World Bank) 

• 	 Focus on c.otal water 
(tubewell water not 
mentioned in the proposal) 

- At 3 levels: aimong public
utilities (mnain canal), attong 

and within ltariters' organiziations
1 (distributary)Cacrt u tWatercourse nmarkets not 

Mentioned alhlotugh the) 
are finctioting 

* 	 Formal watar rights 
Re.gul.ted and controlled by 

vario'!s institutions 
tFunctioning formers' 

organizations apre-condition 
rsuccess 

Various institutional arrangements 
to control external eflkccts 

• 	 Prohl'np ofenforcernent 

expected 

* 	 Costs of new infrastructure 

required for operations and 
accountability 
Very high information costs 

The system's original design, conceived by the 
British in 1870, kept operational requirements to a 
minimum. It was a supply-driven, run-of-the-river 
system with few control structures on the canal. The 
distributaries either ran at full to near fill supply 
levels, or were shut down completely to avoid 
siltation. Field outlets were not gated but instead had 
-ructures known as moghas. These acted as propor
tional flow distributors, taking less when the canal 
level was low and more when it was high. 

By the early 1970s, the system was experiencing 
a shortage of water to meet its rapidly increasing 
cropping intensity. In addition, siltation had become 
severe, leading to canal overflows, waterlogging and 
inequitable distribution in the lower reaches. 

Remodeling the canal to increase its capacity 
provided the opportunity to switch to crop-based 
irrigation, which promised large gains in production. 
This change was seen as essential, since if the supply
driven operational system were to continue after 
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WaterMarkets hale significantpotentia for increasingthe efflciuty ofPakistansirrigationsector. 

capacity had been enlarged, considerable inefficiency 
in the use of water would result, aggravating existing 
drainage problems and leading to increased water-
logging and saliniation. 

The switch had several design implications. The 
most important was the need to replace the moghas 
with gates. These would be needed to adjust the 
three elements of any demand-based system-the 
rate, duration and frequency of water applications, 

It was, however, recognized that the switch to 
crop-based operations could not happen overnight. 
Both agency staff and farmers would have to be 
prepared to take on greater responsibility-including 
responsibility for gate operations. The final project 
plan therefore proposed to install adjustable propor-
tionate modules similar to those already used, but 
with a modification'in design that would allow later 
conversion to gate operations. In the interim the 
new outlets were to be manually operated by a gauge 
reader, rather than functioning automatically as in 
the past. 

Escapes were to be provided to reroute excess 
water back to the river for use further downstrean. 
This feature was critical for river avoiding siltation 
problems, since it meant that the canal could be 

operated at full capacity in the interim. The escapes 
would also allow sections of the canal to be emptied 
for maintenance. The use of escapes meant that 
control structures could be kept relatively simple and 
few in number, departing little from the system's 
original design. 

The management implications of the change to 
crop-based operations were not considered in the 
initial project planning report. This was left to the 
operations manual, which described in some detail 
the procedure for ordering and delivering water (see 
Box). 

OPERATING THE REMODELED SYSTEM:
 
PROCEDURESACCORDINGTOTHEOPERATIONS
 

MANUAL
 

The chairman of the water users' association for a 
given watercourse would collect written water 
orders from users 48 hours in advance, handing 
them to the gauge reader or placing them in a small 
metal receptacle mounted on the outlet gate. The 
gauge reader would pass orders to the subengineer, 
who would hand them to the engineer. The latter 
would have a water despatch officer on staff. who 
would use a desk-top computer to schedule 
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deliveries throughout the system. The completed 
delivery schedule would be sent back to the 
subengineer and then to the gauge readers, 

The gauge reader would regulate the gate in 
accordance with the schedule, entering the 
amounts ordered and delivered in a daily record 
book. 

The distribution of water in the watercourse 

would be the responsibility of the water users' 
association, with the entire flow being used by one 
farmer at a time, as in the past. This would allow 
each farmer to compute the depth of water applied 
to each field, enabling him to evaluate his irrigation 
practices and maximize their efficiency. The 
Irrigation Department and the water users' associa-
tions would be jointly responsible for guiding 
farmers in their cropping patterns to ensure that 
peak demand did not exceed capacity. 

The chairman would be recompensed for Ws 
services through fees levied on members of ihe 
users' association. 

The manual also proposed that a small distribu-
tary branch or minor should be selected by the 
Irrigation Department to demonstrate the crop-
based system. This would serve as a training ground 
for agency staff and farmers. 

The first sign that the switch to crop-based 
irrigation was in trouble was that tl" . Irrigation 
Department dragged its heels in implementing this 
proposal. Joint missions by the donors from 1988 to 
1990 repeatedly underlined the need to make 
progress in training and demonstration. Eventually, 
a small area of experimental plots was begun. Its 
expansion to the 120 ha originally envisaged was 
twice urged, but to no avail. In the end, the donors 
had to acknowledge defeat, conceding that the pilot 
scheme would not benefit this project but future 
ones. An appraisal report of 1991 notes, "an attitude 
of skepticism" towards the crop-based irrigation 
approach on the part of agency staff. 

To make matters worse, the construction agency 
put in place a physical system that implied an 
immediate switch to crop-based operations, ignoring 
the cautious approach of the project plan. Instead of 
modified adljustable proportionate modules, gated 
pipe outlets were installed, requiring constant 
adjustment. The escapes needed for the interim were 
not constructed. And despite the aim to keep control 
structures to a minimum, these were provided at all 
points of diversions and at the drop structures. 

Not surprisingly, these new design features, for 
which neither farmers nor agency staff were ad
equately prepared, soon led to trouble. Farmers in 
the head reaches of one distributary reacted to the 
new gated outlets by opening them to the maxi
mum, helping themselves to the full supply. This 
meant that tail-end farmers did not receive enough 
water during the peak demand period and had to 
resort to irrigating at night. Staff of the Irrigation 
Department then took control of the gates by 
locking them. Angry farmers reacted by tampering 
with the gates and, in some cases, damaging them. 

These incidents led the Irrigation Department 
to ask the construction agency not to install the 
remaining gated outlets and to take out those already 
installed. The department was prepared to store the 
outlets and to install them when conditions became 
suitable. This, it felt, would only be the case once 
training and demonstration had paved the way for 
the introduction of crop-based irrigation, as envis
aged in the operations mantial. The present mood of 
management in the Irrigation Department can be 
described as one of frustration and helplessness. 

What went wrong? An investigation by IIMI 
concluded that the decision to install different 
structures to those envisaged in the project plan had 
been taken without proper consultation. It was 
based on the false assumption that farmers and 
agency staff were sufficiently organized and knowl
edgeable to undertake an immediate switch to crop
based irrigation. 
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The crop-based system had been an attractive 
idea in the minds of the planners at the project 
design stage. Unfortunately, it had remained just 
that. The failure to realize the implications of its 
introduction to a deeply rooted supply-oriented 
institutional culture Lad led to a half-hearted 
approach, with little attempt to sell the idea to others 
and to make the necessary institutional and training 
arrangements. Communication between the con-
struction a,ency and the Irrigation Department had 
been poor throughout the project, with the energy 
and attention of project staff being almost entirely 
devoted to construction aspects. Worse still, there 
had been little contact with farmers, who were not 

represented on the Project Management Committee. 
The water users' associations whose role is described 
in such detail in the operations manual do not even 
exist! 

In short, substantial efforts had gone into the 
physical remodeling of the system, without a 
corresponding input into its institutional remodel
ing. The main reason for this missed opportunity to 
introduce crop-based irrigation was the failure to 
make institutional change a specific objective of the 
project. In the words of Arturo Israel, "since institu
tional development iseverybody's business, it often 
becomes, in practice, nobody's business." 

THEME 4: LOCAL MANAGEMENT OF IRRIGATION
 

The management of irrigation by farmers is now 
known to be far more widespread than was thought 
10 years ago when IIMI was founded. For instance, 
the proportion of irrigated area under farmer 
management is estimated at 67 percent in Nepal, 64 
percent in India, and 63 percent in the Philippines. 
Moreover, this area is increasing rapidly as more and 
more countries adopt policies to hand the responsi-
bility for operation and maintenance over to locally 
established water users' associations. This process of 
management transfer or turnover is itself a strong 
determinant of the subsequent performance of 
farmer-managed irrigation systems. 

Accordingly, IIMI's research under this theme 
has two major components-farmer management 
and the turnover process. Under the former, IIMI 
investigates the performance of systems managed 
either exclusively by farmers or jointly between 
agencies and farmers, and asks how farmer manage-
ment can best be supported by governments. Under 
the latter, the focus ison the process of turnover 
itself-the approaches used in different economic 
and social settings, and their outcome. In both cases, 

IIMI analyzes and compares experiences in different 
countries, in an attempt to draw out the lessons for 
managers and policymakers. Given the pace of 
change in this field, the emphasis is on the rapid 
exchange of information and research results using a 
networking approach. 

This year we report on only a small selection of 
IIMI's many projects dealing with the local manage
ment theme, most of which are still in the midst of 
data collection or at the early stages ofdata analysis. 

Under the turnover component we begin with 
an account of Nigerian experience in the formation 
of water users' associations, a critical part of the 
turnover process in situations where farmers have 
traditionally lacked strong social institutions. Next 
we turn to Indonesia, where farmers are facing high 
irrigation costs folloving tile turnover of pump 
irrigation systems. Lstly, we look at two irrigation 
districts in Colombia, where management was 
transferred nearly 20 years ago. These systems may 
provide valuable insights into tile long-term effects 
of turnover, as well as lessons for the governments as 
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Tije water users'associationin the Kano River IrrigationProject,Nigeria,continues to receive assistance 4.om HAI. 

management turnover once again rises to the top of 
the political agenda. 

Under the farmer management component, we 
explore the complex of social and technical issues 
surrounding the performance of reservoir-based 
irrigation systems in Burkina Faso. Unlike in Asia, 
irrigation in the African Sahel isclosely linked with 
rain-fed agriculture-a factor which critically affects 
its resource allocations and profitability. Next we 
turn to research in Bihar State, India, where IIM/lI 
has examined the extent of conjunctive use of 
groundwater and surface water, a strategy to which 
farmers increasingly resort when agency supplies of 
surface water prove unreliable. We end the thematic 
section of this report with an overview of prelimi-
nary work on the analysis ofgender issues in irriga-
tion, an important topic that cuts across all IIMI's 
programs but has its intellectual home under the 
local management theme. 

THE TURNOVER PROCESS 

Forming Water Users' Associations inNigeria 
Experiences around the world reveal several features 
that promote the establishment of strong water 

Local Management of IrTigation 

users' associations. These include guaranteeing them 
water rights, providing them with the status of a 
legal entity, ensuring secure land tenure for farmers, 
and using tenure as the basis of membership of an 
association. IIMI's research in Nigeria has confirmed 
that this set of conditions is conducive to success. 

During 1993, studies continued on the estab
lishment of water users' associations in the Kano 
River Irrigation Project (KRIP), in the north of the 
country. The KRIP System forms part of the larger 
Hadejia-Jama'ara River Basin Development Author
ity (HJRBDA), one of eleven such authorities in 
Nigeria. The three pilot sites selected for the study 
are Bangaza, in the head section of the system, 
Agolas, in the middle section, and Karfi, in the tail. 
The sites represent about 4 percent of the total 
irrigated area of KRIP and cover some 4.5 percent of 
the project's farm families. 

At the start of the project there was considerable 
discussion among participants as to whether the 
geographical unit selected as the basis for forming 
water users' associations should be the village or the 
command area of the distributary canal. In the end 
the command area was chosen as the more practical 
alternative. Villagers may belong to different dis
tributary canals and so would not have the same 
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water source as a unifying factor in planning and 
implementing activities. Choosing the command 
area as the criterion overcame this difficulty. In 
addition, the command area allows the hierarchical 
'nesting' of associations at different levels, from 
distributary canal up to main canal level. 

Thle first step was to prepare maps showing allThe irswa toprestparemapssho ingallM 
individual plots within the boundary of each associa-tionpoviddTh masiforatin onthesiz of 
tion.the 
each holding and the names of landholders. A rapid canal. Similar results were achieved in Bangaza andappraisal method wats used to collect these data.cal.SmarestsweahivdnBngaad

Water users' associations are not kick-started, 
but are allowed to evolve at their own speed. Farm-
ers are encouraged to take their time and think 
through the implications of having an association 
before committing themselves. KRIP and IIMI staff 
act as facilitators rather than organizers. 

Farmers at Agolas organized themselves quickly 
and effectively. Staff began by visiting farmers in 
their fields on several occasions, to talk about the 
need for a water users' association. Next, a group of 
farmers called a meeting to discuss the issue more 
formally. After four or five meetings of this kind an 
ad hoc committee was formed to carry out the 
association's activities until it was officially registered. 

Farmers in other villages followed suit. Those in 
Bangaza were rather slow in starting, becoming 
active only during the dry season of 1992/93, but 
they have since made rapid progress in organizing
and implementing maintenance activities. 

The formation of water users' associations has 
,alreadyhad an impact on irrigation performance in 
several key areas (see Box ). 

PERFORMANCE IMPROVEMENTS 

INTHE PILOT AREAS 


Physical improvements to infrastructure 

In Bangaza, the association cleaned 70 percent of 
the distributary canal and 60 percent of field 

channels during the dry season of 1992/93. In 
Agolas, during the same season the figures were 40 
percent of the distributary canal and over 80 
percent of field channels (see Figure 8 on page 41). 

Improvements inhydraulic performance 
easurement of the flow before and after cleaning

Measement of1theeflowtbeforean ater inin Agolas showed a 12 percent increase in water in 
middle and tail sections of the distributary 

Karfi. These improvements in performance led to 

time savings for irrigators, who were able to irrigate 
their fields more quickly. Tail-end farmers found 
they no longer had to irrigate at night. 

Higher collection rates for water charges 
Because farmers rather than agency staff now collect 
water charges, it has become less socially acceptable 
for farmers to refise to pay. The Bangaza users' 
association has claimed a 90 percent success rate. 

Visits between associations were instrumental in 
stimulating progress. In 1993, the farmers of Agolas 
and Karfi visited those of Bangaza and were greatly 
impressed by what they saw. In the words of the 
IIMI staff member who organized the visits, "Farm
ers immediately recognize the problems encountered 
and the solutions found. Peer group pressure hits the 
ego and promotes rapid learning. Visiting farmers 
feel: 'If they can do it, why not we?"' 

Some water users' associations have extended 
their activities beyond operation and maintenance. 
The major area of additional involvement has been 
the collection of water charges, but activities have 
also been noted in such areas as marketing, input 
supplies and tractor hiring. One association has 
introduced punishments for the cutting of bunds to 
irrigate fields illicitly. 

HJRBDA is now providing strong institutional 
support to tic project. The authority has established 
units both at its c'wn headquarters and within KRIlP 
to promote and sustain new associations. It has also 
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established a review committee to monitor the units' In the short term, maintenance and operations
activities. KRII has assigned 12 staff members to above the distributary channel level will remain the 
encourage the formation of associations throughout responsibility of KRIP. Eventually, however, farmer 
the system. In some cases, users' associations are now management will be extended to higher levels of the 
officially registered; in others, an agreement between system. 
the association and the agency on the sharing of 
responsibilities has been signed. Success at the pilot sites has prompted KRIP to 

expand activities to nine other distributaries. A 
The keen interest of the Managing Director of second project under the HJRBDA, the Hadejia

HJRBDA has helped both farmers and agency staff Valley Project, has started a pilot users' association at 
grasp the seriousness of the authority's commitment. Gamsaka. The Wtirno Irrigation Project, funded by
Senior agency staff and farmers have engaged in a the Commission of the European Communities, is 
lively dialogue that includes tile use of radio inter- following a similar procedure in forming its own 
views and news bulletins, 	 associations. 

Thle Board of HJRBDA has authorized the newTheJRBoar ofAh s auhorzed ilenew Counting the Cost: Pump Irrigation inIndonesia 
associations to collect water charges on behalf of KRIP 
on a trial basis. Provided the association collects 90 With the potential for expanding gravity irrigation 
percent or more of the total due for its area, it is more or less exhausted, the Government of Indone
permitted to retain 15 percent of the amount col- sia has turned to the development of groundwater
lected. It can use this sum to repair and maintain irrigation through the introduction of pumps. 
structures within the distributary command area. The Increasing agricultural production through pump
Bangaza users' association is the first to put this new irrigation is particularly important in the drier and 
arrangement to the test, having requested KRIP to poorer areas of Eastern Indonesia. 
return 15 percent of the sum itsubmitted. The government has provided generous assis

tance, drilling wells free of charge, giving pump sets 
Figure 8.Field channel cleaning by three water users' associations, 	 to farmers, building water distri

bution systems with minimum 
investments by farmers, and 
subsidizing agricultural inputs. 

100 
Two organizations under the 

80 Directorate General of Water 
Resources Development are 

60 primarily responsible for executing
the government program. They 

40 arc rhe Sub-Directorate of 
Groundwater Planning (P2AT), 

20 which undertakes constructionactivities, and the Sub- Directorate 

Bangqza Agolas Karfi 
of Groundwater Development 
(PAT), whirl- operates and 

El Series 1 1991/92 []Series 2 1992/93maniswelolalitrm 
maintains wells on an interim 
basis, assists in the establishment 

Percentage inkm cleaning of water users' associations, and 
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monitors cropping patterns and crop production. 
After the first 2 years, P2AT hands over the responsi-
bility for operation and maintenance to tile local 
government, which in turn expects tile water users' 
association to take charge. However, despite formal 
transfer, P2AT continues to provide assistance with 
pump operators' salaries and maintenance of the 
equipment. 

The water users' associations have been highly 
effective at collecting irrigation fees. Most operators 
claimed complete or near-complete collection rates. 
Sanctions are applied for nonpayment. In one 
system, only half the farmers paid the fee at first, but 
the rest followed suit when the executive committee 
cut off their water supplies. However, most users' 
associations are not building up savings as planned, 
often because of mistrust and squabbling between 
committee members. 

Water fees are now high, accounting in some 
cases for up to 55 percent of farmers' input costs. As 
Table 11 shows, a firmer growing three crops a year 
could end uip paying over US$132 per ha, although 
the average is more likely to be US$53-79. The 
main component of fees is the cost of fuel to power 
the pumps. 

Faced with these costs, farmers have reduced 
their use of pumped groundwater. P, mping hours 
have declined since turnover. Average cropping 
intensity seldom exceeds 170 percent-a far cry 
from the 300 percent predicted by planners. And 
most pumps are not serving the full command area 
for which they were designed. 

The high costs of irrigation have hit resource
poor farmers in the eastern islands particularly 
hard-the very area the government intended to 

Table 11.Typical water costs per hectare per season for pump Irrigation at 

selected research locations.' 


East Java Madura West Jaws Yogyak .a 
Province/Area Ngjuk/ I South and Subang C'.Kidul

K East 
wet season(rice) 

Mxximum 
US$/ha 13.44 40.1036.18 24.02Rp/ha 25,542 68,750 76,187 45,630

Minmum 

Rp/h'a 

Dry Sea on 

Maximum 
US$/ha 52.40 52.63 71.31 46.67
Rp/ha 99,569 100.000 135,484 88,667

Minimum 
US$/ha 3.19 28.94 33.73 3.20

Rp/ha 6,056 55,000 64,081 6,077 


Dry Sewon 
2Maximum 

US$/ha 51.17 65.50 No 58.14Rp/hia 97,229 124,444 Pumping I110,467 
Minimum 

US$/ha 9.81 17.91 15.79 

Rp/ha 18,638 34,028 30,000
 

Dry Se o n
3 

Maximum 
US$/ha 51.97 No No 48.95Rp/ha 98,750 Pumping Pumping 93,000 

Minimum 
US$/ha 39.47 11.81Rp/ha 1 7500 22,440 

iscd on tht'avcrages for all c Lpunp%%urvecdinthe are'. xd nge rate=Rpl900=USS1.00hTarners raking., payment if Rp 0 did not irrigate but grew a rainfid crop. 

benefit most by its program. Here farmers 
lack the resources to prepare land properly
and to buy other inputs Such as improved 

seeds and fertilizer. Under these circum
stances, the use of pumped groundwater to 
stabilize production conditions becomes far 

less attractive. Even in higher potential 
areas, farmers are still reluctant to invest in 
water owing to the lack of credit facilities. 

Even with such high water fees, farmers 
are paying only for operation and mainte
nance, contributing little or nothing to 
capital replacement costs. If in groundwater 

exploration, payments to contractors and 
interest are added, the real costs are often 
three to five times what farmers are paying. 
Assuming the average farm size is 0.5 ha, 

government assistance amounts to a welfarepayment of approximately US$]00 per 

farm family per year. 

A major shortcoming has been the 
installation of systems far beyond the 
resources of users. In many cases, theturbine pumps and large imported diesel 
engines used have proved too sophisticated, 
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requiring spare parts and tools not Figure 9.Irrigated area before and after management turnover inSaldafia and Coello
 
available in the area and sometimes districts, Colombia.
 
not even in the country. 40 AreainHectares (Thousands)
 

The study concluded that when 0 • 
all the costs of development are at• 

included, pump irrigation in 30 

Indonesia has yet to prove itself *0 * 0 
economically viable. The extensive 0 . U 

involvement ofoutside consultants 20 .0 * 
ard excessively high installation 0" • " 
costs compared with those of other "
 
countries in the region have pushed 0 a "" 

development costs beyond the level 10 E ,B 

justified by the returns to agricul- BEFORE AFTER 

ture. Only in limited areas where 
high-value crops such as tobacco 0 .......... .......
 
and shallots cam be grown does 1950 1955 

pump irrigation appear justified. I Turnover(1976) 

Learning from Early Experience: Turnover inColombia 

Colombia's experience in management turnover 
predates that of most other developing countries. 
Operation and maintenance in the districts of Coello 
and Saldafia were handed over to reorganized water 
users' ass. )ciations as early as 1976. During the deep 
economic recession of the 1980s, the process of 
turnover came to a halt. Now it isgetting Linder way 
again, spurred by the recovery of the I990s and the 
policies of economic liberalization espoused by the 
government. The performance of irrigation Linder 
firmer management in Coello and Saldafia is 
therefore ofspecial interest, providing potentially 
valuable lessons as the government now seeks to 
promote and facilitate turnover in other areas of the 
country. IIMI is assessing performance before and 
after turnover and reviewing the transfer process. 

Initial results suggest that system operation and 
maintenance have neither improved nor deteriorated 
significantly since transfer. After a temporary 
downturn immediately following transfer in 1976, 
the area irrigated has continued to expand, indicat-
ing that farmers have confidence in the system's 
ability to deliver water (Figure 9). Rice yields have 

1960 1965 1970 1975 1980 1985 1990 

Years s Saldana •Coealo 

stabilized since transfer, while those of cotton have 
continued to increase. 

Both farmers and agency officials agree that 
paperwork and bureaucracy have been cut back 
considerably since transfer. Processes such as request
ing water and paying irrigation fees have become 
simpler, and the agency is reported to have become 
more accessible to users. On the other hand, no 
formal evaluation process isin place in most sys
tems-a dangerous economy if, as research else
where suggests, such a process is essential for improv
ing performance. The emphasis on cost cutting has 
led to a decline in real terms in the irrigation fees 
levied by users' associations, although there have 
been considerable fluctuations from one year to the 
next (see Figure 10 on page 44). 

Occasionally, the Boards that oversee water 

users' associations appear overzealous in their pursuit 
of efficiency gains, replacing experienced with 
inexperienced staff and merging or eliminating key 
positions. Significantly, little investment is made in 
training and in replacing equipment. Most Board 
members lack formal training in irrigation manage
ment, and some intervene too much in the everyday 
operations of the associations. 

Local Management of Irrigation 43 



Users feel strongly that the government agency 
should not cut its ties with the users' associations 
completely. They still hope that the government will 
rehabilitate and expand the irrigation systems at no 
cost to themselves' 

FARMER MANAGEMENT 

Rain-Fed versus Irrigated Agriculture in Burkina Faso 

In many farming communities-and especially those 
in sub-Saharan Africa-irrigated agriculture is not a 
full-time occupation, but must compete for labor and 
other inputs with rain-fed production. This is the case 
in Burkina Faso where, in 1993, IIMI continued its 
diagnostic studies on the farming systems associated 
with five small-scale reservoir-based irrigation systems. 
Findings on the productivity of these systems have 
already been reported uinder Theme 1. 

Linksbetween thesubsectors 

Dependent on brief and unpredictable rainfall, rain-
fed farming usuldly takes precedence over irrigated 

production. Because of the security offered by the 
stored water, farmers consider delaying the start of 
the irrigation season to be less risky than sowing 

rain-fed crops late. Insufficient labor and the lack of 
farm power are further constraints to the simulta
neous practice of irrigated and rain-fed agriculture. 
Delays in irrigating lead to excessive losses of stored 
water due to evaporation. 

Due to the small amount of land allotted to 
each family (0.08-0.30 ha), the total production 
from irrigated holdings islow compared to that from 
rain-fed holdings, which may extend to 4 ha or 
more. The productivity of irrigated land, in contrast, 
is high-sometimes 10 times that of rain-fed land, 
where poor soils and low and unpredictable rainfall 
severely constrain yields. 

Table 12 onl page 45 presents a typical example 
from the Dakiri Irrigation Scheme. The irrigated land 
represents only 5 percent of the total family holding, 
but its higher yields result in total production being 
nearly equal to that of the rain-fed land. Produce from 
the rain-fed laid meets over 80 percent of the family's 
cereal needs. Irrigated agriculture provides the 
balance, with this region's nonrice-consuming farmers 
selling their rice and buying millet and sorghum with 
the proceeds. In spite of its higher labor demands, the 
returns to labor are nearly three times greater in 
irrigated than in rain-fed farming. However, the 
limited size of irrigated holdings does not allow

farmers to rely entirely on these to 
Figure 10. Irrigation fees inthe Coello Irrigation District (fixed tariff per hectare in constant meet their food requirements and 
1988 pesos). 

provide a satisfactory income. 
Colombian Pesos/ha (Thousands)

5 	 Thlis presents policymiakers 
with a difficult choice between 

4 equity and growth objectives. 
Increasing the size of holdings 

- appears economically desirable but 

would help to create a fiew, highly2..-...-	 privileged falrmers of the kind 

already found at Mogtdo (see 

1 j 	 page 29). Keeping the size of
 
holdings at or below its present
 
level would spread the benefits of 

67 69 71 73 75 77 79 81 83 85 87 89 91 93 irrigation among a larger nlmber 

Calendar Year of people, but would probably
Datafrom Water Users' Association 67-93 reduce profitability. Ihe demand 
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will spread their risks by 
simultaneously pursuing

6 rain-fed agriculture and 

other activities. If, as seems 
likely, holding size cannot be 
increased, farmers nmust be 
encouraged to invest in their 

. .irrigated holdings so as to 
increase productivity. This 

:4x. highlights the need to 
'" .provide secure tenure 

through implementation of 
- -;.'-'-- " . .":the 1991 land reform act
 

l-armer-mannaedsysteins constitute more than half'the total irrigateda; ea in countries (see page 47).
 
like N,a. 

for irrigated land ishigh. At Dakiri, for example, Relationship between profitabilityandsizeof reservoir 
there is a waiting list of nearly 900 applicants inaddition to the existing 750 beneficiaries. One of the project's most interesting findings con

cerns the possible link between size of reservoir and 
To justifi investment costs, irrigation should be profitability of irrigated agriculture. Figure 11 on page 

able to provide farmers with a profitable, fill-time 47 compares net annual returns per unit of land to the 
occupation. For as long as it fails to do so, farmers relationship between water storage and command 

Table 12. Returns to rain.fed and irrigated agriculture on the Dakiri Scheme. 

Area Yield Production Labor input [Produc- Costs Family con- Net income 
cultivated (kg/ha) (hours)' tivity (kg) sunhption (FCFA)

(ha) Total (kg) Percent (kg/hour) (kg)' 

R.tin-tcd ft.rnt, 2.8 ha
 
(95 " of't1eto)tal L.ibor Basisof
 
(tinjily
landholting) input (or calculation
 

raint'd 220 kg 
tarming per peron
 

- Millet/sorghut 2.26 650 1,469 per year
 
-;rmmd* t 0.36 550 198  844) h/ha
 
- 0li, 700 126
O.18 
 Marketable 
Total rain-fecd 2.80 1,793 53% .. .. 2200 kg surplusarea 2,352 0.76 0fr a 3393 

t  ttilv of' 260

Irrigated
liirm, 
 r 10 persons - 2200
0.16 ha (5N of the Costs per 933 kg

total fttily' land-
 tltor season' 
htolding) 
 input for = I000FCFA 933 kg 0) 

irrigated = 130 kg 85 F/kg

- Wcet-seisim rie 
 0.16 5,00) 8)4) rice paddy Y" 79305Ft :iA 
- i)ry-seasot riCe ).16 5,0)0 801) - 2,3(0It/ha 85lF/kg 

Tottl irrigated ,trea 0).I6 x 2 1.0(0 4V'7 736 2.17 260
 

Tota liatily 2.6 3,393 10)0% .3,088 1.10 260 2,200 79,3(05
FtFA
 
Iatdholding (US$ 278) 

Sotite 0)f()Ori MIttdt0 :[)roitct Sctihili jnii (19)1) forta .tit treo)ss a,ro[)cnld6 (1988) fur irrigated rice. 
SItupts 6 LoASt 4.500446,500 F ; sthcr = F.
 

'(otal sl,foirirrigittl rite ) =
11.00() F/scavit 130 kg pad..
 
4ov rI,,t raiti-let) frtii = 0.
:chci 

* (issLofc.1lt1la.tiin: 'cre.1 = 2200 kg fur .I *ttmily,of14 persontts.ilel'd 220 kg!1pirort/,tir, i)r 

Local Management of Irrigation 45 



area for each scheme. The 
more water isstored, the 
higher the cropping intensity 
and the more productively 
land is used. This relation
ship isclosely connected with 
the problem of losses caused 
by evaporation (see Box ). '-

V 

EVAPORATION: AKEY 
CONSTRAINT 

Evaporation losses from 
reservoirs are particularly 

.' }ir' 
kUirer-inanzgedtubeivelhare an importantconponent o irrigation. 

high in Burkina Faso, where 
the dry season islong, temperatures extremely high 
and reservoir sites are flat. At the Itenga reservoir 
nearly two-thirds of the stored volume islost to 
evaporation between 1 October and 30 April. With 
deductions for domestic and livestock use, even less 
water isleft for dry-season cropping. 

Some dry-season cropping is necessary if 
farmers are to obtain good returns from irrigation. 
The project's findings so far suggest that dams with 
a relationship between storage capacity and corn-
mand area of 5 or more cubic meters for every 
square meter of land can support 40-50 percent 
vegetable production during the dry season. (This 
may also represent the upper limit of activity which 
farmers are prepared to undertake: horticulture is 
labor-intensive, and is unlikely to be conducted as 
extensively as cereal production.) 

When Mogtddo was first constructed it had a 
relationship between storage and command area of 
7.05 cubic meters per square meter. The spontane-
ous expansion of cultivation around this scheme 
can thus be seen as a "grass roots" response to the 
perception that resources were being wasted. The 
scheme has been adjusted by its users so that it is 
now nearer its optimum size, with a relationship 

between storage and command area of 53,330 m3 


per hectare (or 5.33 cubic meters per square meter). 

As long as a cropping intensity of40 to 50 
percent during the dry season ispossible, most of 

those who wish to practice horticulture will be able 
to du so un some part of their land. Intensities are 
likely to fall below this level when the storage-land 
ratio is less than 5.0 cubic meters per square meter, 
thereby satisfying only a few participants on the 
scheme. 

On very small projects the share of water 
"consumed" by evaporation isgreater because the 
reservoir isshallower. This means that the relation
ship will probably need to be adjusted upwards, 
reaching 6.0 or even 7.0 cubic meters per square 
meter before farmers can practice some dry-season 
cropping. This hypothesis remains to be tested 
through further research. 

Landtenure and thelegalframework 

IIMI's research also revealed an urgent need to 
clarify the legal position surrounding irrigation 
schemes. 

The introduction of irrigation drastically altered 
the traditional relationship between farmers and 
their land. The property rights traditionally adminis
tered by the village chef& terres were overturned. 
The state appropriated the land and reallocated it to 
farmers, while retaining exclusive property rights. 
Farmers settled on the scheme were e.pected to 
become members of a cooperative, thereby playing 
their part in the system's management. 
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The cooperative has experienced diflic,,lty in 
holding its own against the traditional rural power 
structire. Often, it has been taken over, albeit 
indirectly, by the traditional leaders. For example, 
the privileged farners of Mogtddo wield consider
able influence over the running of the cooperative 
and the distribution of water. On the Dakiri 
Scheme, people closely connected to the traditional 
authority play a similar role. At Itenga, an influential 
local personality dominates irrigation activities and 
land tenure arrangements. 

Over the past 20 years, legislation on irrigation 
has been subject to frequent changes. Some legal 
texts have be. 'aadopted but not imtplenented. 
Others remain as unfinished yet widely circulated 
drafts. Texts are inadequately disseminated and, 
frequently, not available in local languages. As a 
result there is often little awareness of the provisions 
of the law, even amongst those directly affected by 
them. 

Under a land reform law pas-ed in 1991, 
menbership of a cooperative is no longer a prerequi-
site to benefit from irrigated land, which may now 
be allocated directly to individuals and the private 
sector. This law, with its wide-ranging implications, 
has not yet been implemented. IIMI has drawn the 

Figure 11.Wat ravailability and net antual returns to land. 

3.000 
Mogt~do 

2,500 

2,000 

Savili 

1,500 


Gog 

1,000 

500 :Official 

0 
27000 52000 53330 54280 

Water storage Command area ratio (m'/h) 

Local Management of Irrigation 

J ; 1llr.\1l A 1 1 1,1 1"A '11 l 1( / (, l" 

attention of the government to the urgent need to 
do so if its policy of irrigation management turnover 
isto prove successftil. 

Conjunctive Use of Groundwater and Surface Water in 
Bihar, India 

An important component of irrigation that is often 
under farmer management is the privately owned 
tlbewells, used to tap groundwater supplies. Often, 
these wells lie within the command area ofsurface 
irrigation systems managed by governnent agencies. 
Such is the case in Bihar, India, where IIMI has 
carried out studies on the conjunctive use of surface 
water and groundwater to determine how this affects 
overall system management and performance. Field 
research was conducted in the command area of the 
Vaishali Branch Canal, which forms part of the 
Eastern Gandak command area in the north of the 
state. 

It is often asserted that groundwater irrigation 
plays an important role in alleviating poverty in 
India. However, IIMI's findings, in one of India's 
poorest states, indicate that various constraints are 
hampering groundwater development, limiting its 
contribution in this respect. 

Groundwater development 

by farmers is often seen as a 
response to the failure of large 

Dacanal systems to deliver water 
equitably and efficiently. In this 
respect, Bihar appears typical. 
According to its design, the 
Vaishali Branch Canal issupposed 
to irrigate 63,289 ha. Construc
1[101'tionwas stopped before comple
tion, and agency estimates show a 

command area of 17,200 ha. 
records show that during 

the dry season of 1992 the area 
irrigated was only 10,000 ha. 

93390 Even within this area, reliability 
and equity problems abound. 
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Table 13 compares 47 
agency estimates of the area 
irrigated within the study 
area with the extents deter
mined by the IIMI survey. 
The results show that agency 
estimates, compiled follow
ing an annual walk-through 
in which only sample fields 
are visited, are wildly exag- % 
gerated. 

Within the Water 
Resources Department, canal M 
water distribution is adminis
tered by one agency while Women have an increasinglyimportantrole in irrigatedagriculturein Nepal. 
another deals with ground
water and vet another with river lift irrigation. If a 
field is irrig,,ced from the canal even once during the 
season, tile agency concerned counts it as a canal-
irrigated area. If groundwater is used, the groundwa-
ter agency also shows it as an area irrigated by 
groundwater. Thus there is no effective system for 
determining the true extent of either type of irriga-
tion. While all agencies under tile department have 
the common aim of helping farmers to irrigate their 
fields, in practice farmers must decide for themselves 
what kind of water to use at what moment, receiving 
little in the way of advice and support from any of 
the agencies concerned, 

The tubewells used by farmers are of four kinds: 
private tubewells owned by individuals, group 
tubewells owned and operated by a group of con-
tiguous landholders, group tubewells operated by a 
group affiliated with a nongovernment organization, 
and tubewells owned and operated by the state, 

Table 13. Official and study data on area irrigated in three sample
minor commands of the !alshaliBranch Canal (dry season,1992).prftarisaehg.Teetaigonios

1992)1 
Minor 

Chakwa 

Originally 
designed 

257 

Department 
records 

Target Achieved 
80 0 

liri Field 
observations 

13 

Madanchpra 249 39 .5 25 
S11arnptr 1 399 19 .3 0 

06 

48 

Frequent power cuts preclude tile use of electric 
motors to drive the pumps, most of which are second
hand mid diesel-operated. Engine efficiency islow, 
with 23 out of 26 engines tested having efficiency 
rates of under 36 percent while the remaining three 
operated at 47 percent. To blame are avariety of 
factors, including poor positioning of the pump in 
relation to the ttibewell, ti - lack of trained mechanics, 
poor maintenance skills of farmers and tic marketing 
of fake spare parts. Many farmers wrongly believe that 
placing the pump on a slope makes it more efficient. 
In fact, dais is likely to increase maintenance costs 
significantly, without bringing any gain in efficiency. 

By buying second-hand equipment, owners save 
on capital costs but incur high operation and 
maintenance costs. They seek to cover these costs by 
raising the price of water, pa-;cularly during periods 
ofscarcity. In the poor wet season of 1992 most 
farmers without wells chose to lose their crops rather 
than pay for groundwater. As a result of these tactics,
the volume of sales in local water markets is low, but 
profit margins are high. These trading conditions 
disadvantage tile small-scale, resource-poor farmer,
whereas for tubewell owners irrigation comes 

virtually free of charge. 

Group ownership of tubewells allows poorer 

farmers to participate in tUbewell development. 
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Encouragingly, the IIMI survey results show that 
group-owned tubewells operate more hours per year 
than privately owned ones. Their machinery is more 
efficient, their water costs are lower, and they, irrigate 
a larger area. Where group ownership is supported 
by nongovernment organizations, farmers are 
assisted in buying inputs, using new crop varieties0 
and diversifying out of rice. All this increases yields 
and hence incomes. 

catching on only slowly. Many' of the poorest 
fariners are sharecroppers or laborers with no long-
term stake in the land resource and hence no motive 
for investing in a tuhewell. In addition, caste con-
ficts prevent cooperation, often between neighbors. 
And the state has done little to promote group 
ownership through subsidies or credit, preferring 
instead to install its own tubewells and lift irrigation 
schemes. Dependent on inadequate electricity 
supplies for their power, these systems too operate at 
low lcvels of efficiency. 

c 
resources to the support of group tubewell owner-
ship, may therefore be the best starting point in 
attempts to improve the lot of resource-poor produc-
crs in Bihar. 

A poliu overhaul, switching government 

Gender Issues 

Despite incre.esed attention to gender issues in other 
fields ofagricultural research and development, the 
irrigation sector retains an unenviable reputation for 
ignoring them. It was to offset this imbalance that 
IIMI decided to conduct research on this topic, which 
cuts across all its programs but has its intellectual 
home under the local management theme. Research 
began in 1991, when the Institute hired a consultant. 
An associate expert joined the staffin 1992. 

In 1993, a study was launched on the Chhattis 
Matija System in the Terai of Nepal. This system 
was cnosen because considerable background 
information on it was already available as a result of 
earlier studies by IIMI and others (see IIMl's 1992 
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Annual Report). Initial results show that, contrary to 
what is often assumed, the absence of males need not 
necessarily increase the burden of labor borne by 
women (see Box ). 

ROLE OF WOMEN INTHE CHHATTIS MAUJASYSTEM OF NEPAL 

The profitability of irrigated agriculture in the 

Chhattis Mauja System has declined in recent 
years, forcing many households to diversify their
activities. Since male labor is both more expensive 
and more mobile, wives remain responsible for 
most farming and irrigation activities, while their 
husbands work in nearby cities or abroad. India 
and the Middle East are the main destinations of 
those emigrating in search of work. 

Women whose husbands work abroad tend to 
be better off than those in families whose male 
heads have stayed closer to home. Their husbands' 
remittances make it possible to hire labor. Some 
women in this category leave all labor on the farm 
to hired hands, while they concentrate on small 
businesses off the farm. In contrast, households 
with males residing in the home often cannot 
afford hired labor, with the result that women 
perform most of the agricultural tasks. 

Women are not allowed to provide the labor 

required to maintain the irrigation system. Yet if 
no labor is provided, households may pay a fine. In 
areas where there are many female-headed house
holds, women have succeeded in getting these rules 
overturned. 

In Sri Lanka, parallel studies are being con
ducted on three schemes, the Mahaweli H, 
Rajangana and Gampola Raja Ela schemes. They 
form part of a larger study on the participatory 
management policy and it implementation in Sri 
[anka. In Rajangana and Mahawli 1I-,which are 
settlement schemes, the involvement of women in 
farming depends greatly on the crops grown, which 
in turn depends on water availability. Water short
ages in Mahaweli 1- during 1993 made many 
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households turn to chili and vegetables-crops which 
require a great deal of female labor. At times like these 
women work long hours in the fields, yet they still 
have little or no say in how irrigation ismanaged. 
They do not participate in farmers' organizations 
unless the household has no male members. 

In N'iger, twvo case studies are under way in thle 

Saga and Tillakaina systems, where IIMI's Niger 
program isalready working. The few women who 

own irrigated plots in these systems are mostly 
widows who have inherited thiem from their hus-
bands. In Fillakaina women face considerable 
difficulty in obtaining su~fficicnlt water at the right 

time. Although they are members of the cooperatives 
managing tile systems they never attend meetings. 
Their feeling is that the cooperative will not doanything to help them. 

Women who do not own irrigated plots are 
wives of men who do. These women seem to have 
very little to do with irrigation, being involved only 

COUNTRY PRORAMS 

IIlMI has identified four regions of the developing 
world as constituting its geographical mandate area. 
They are South and Southeast Asia, West Asia and 
Northeast Africa, Northwest and West Africa, and 
Latin America and the Caribbean. 

IIMI concentrated its initial work in South and 
Southeast Asia, because of the significance of 
irrigated agriculture in this region. In recent years, 
the Institute has extended its program to other 
regions. Research in each country iscondur-ed 
through specific projects in collaboration with 
national partners, usually government agencies but 
occasionally nongovernmcnt organizations. It isat 
the national level that the impact of IIMI's work is 
directly felt by its clients and stakeholders. These 

in harvesting. The reasons for this appear to be both 
social-it is not seemly for women to "go in the 
mud"-and economic-irrigated agriculture is not 
prefitable enough to jus'ifi their involvement. 

In Siga, a women's group has been allocated a 
small plot for vegetable cultivation. However, thispo sntcniee hn~e loain r 
plot is not considered when water allocations are 
decided. First, tie plot becomes waterlogged while 
the men's rice crop isstill growing, since they drain 
their fields on to the women's plot. Then the 
women s plot dries out, because issues are stopped 
once the men's crops are ready For harvesting. Severe 

losses may result from these wild and Wholly unnec
essary fluctuations in water Supplies. 

Local management of irrigation ought, in
theory, to provide a solid basis for the empowerment 
ofwomen as equal partners with men in the irriga
tion process. IIMI's results so far give little grounds 
for believing that this isactually so in practice. 

consist of national research managers, planners and 
policymakers, as well as farmers and consumers. 

In 1993, IIMI pursued vigorous programs in nine 
countries. Its largest programs remain those in Sri 
Lanka and Pakistan. New operations are underway in 
Mexico, and it is hoped to report on initial work in 
this country next year. Resident prograns in the 
Philippines and Morocco were scaled down during 
the year as projects in these countries came to an end. 

Presented in this section is a general description 
of the context of IIMI's work in each country, the 
program and its components, and major activities 
during the year. More detailed accounts of the most 
significant findings have already been given in tile 
thematic section of this report. 
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South and Southeast Asia
 

Climates in this region generally display at least one 
season ofgenerous rain, which supports large areas 
of rain-fed as well as irrigated agriculture. Although 
rain-fed production is strong, dependence on 
irrigation for the staple food crop issignificant, as 
the population iswell over the level that could be 
supported by rain-fed agriculture alone. Rice is the 
dominant irrigated crop, but there is increasing 
interest in diversifying into other crops, notably 
vegetables. 

During the 1970s and early 1980s, the region 
achieved notable successes in increasing its rice 
production more rapidly than its population, 
However, in recent years, growing concern has been 
expressed regarding the sustainability of irrigated 
agriculture, especially in the high-potential systems, 
where waterlogging and salinity problems are 
thought to be increasing. Yields of rice in several 

countries have stood still since 1985, or at least 
grown only very slowly. The Consultative Group on 
International Agricultural Research (CGIAR), of 
which IIMI isa member, has warned that, unless 
these problems can be overcome, a new food crisis 
may occur in the region in the late 1990s. 

The countries in this region with a major 
irrigation sector are Bangladesh, Myanmar, India, 
Indonesia, Cambodia, Laos, Malaysia, Nepal, Sri 
Lanka, Thailand, the Philippines and Vietnam. IIMI 
currently has country operations in Bangladesh, 
India, Nepal and Sri Lanka. Of these, Sri Lanka, the 
home of IIMI's headquarters, has the Institute's 
largest program in the region. 

Sri Lanka
 

THE CONTEXT 

Since Independence in 1948, Sri Lanka's irrigated 
area has more than doubled io over 550,000 ha. 
About 65 percent of this area is under major irriga-
tion schemes. This heavy investment in irrigation 
has enabled the country to reduce its rice imports 
from 60 percent of annual requirements in 1948 to 
about 10-15 percent today. This has been achieved 
despite annual population growth of about two 
percent between 1948 and 1993. 

Irrigated agriculture will continue to be the 
primary source of food and rural employment in Sri 
Lanka for the foreseeable future. Sustaining a high 

Country Piogra,.:: 

level of productivity in this important sector is 
crucial for the country's economic development. 

With the completion of the Mahaweli River 
Diversion Project, the phase of expansion in the 
country's irrigated area has probably come to an end. 
The emphasis now is on increasing the efficiency of 
existing systems rather than on constructing new 
ones. There isan urgent need to rehabilitate existing 
systems and to improve their management. Crop 
diversification, while maintaining rice production at 
desired lvels, isalso needed. Both technological 
innovations and institutional reforms have a major 
part to play in this process. The task of IIMI's Sri 
Lanka Program is to assist the Government ofSri 
Lanka in achieving these goals. 
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hrikateda 'icultirewill continue to be theprimary source offood andruralemployment in Sri Lanka,for the foreseeable 
filture. 

THE PROGRAM 

IINl's program in Sri Lanka consists of several 
interrelated projects and support activities, combin
ing policy research with field studies. The program 
works primarily with government agencies, but also 
with nongovernment organizations and the private 
sector.
 

In 1990, the program began activities in support 
of the development of a comprehensive national 
policy for irrigation management. Known as 
IMPSA-the Irrigation Management Policy Sup-
port Activity-this initiative was implemented by a 
Secretariat of Sri Lankan professionals guided by a 
high-level Irrigation Management Policy Advisory 
Committee (IMPAC). The IIMI program provided 
technical inputs and office support services. This 
activity was concluded in 1992 and discussed in 
detail in IIM I's Annual Rcport for that year. 

Under a major project now in its second phase, 
tile program is applying participatory approaches to 
strengthening the management of two major 
irrigation systems, the Kirindi Oya and Uda Walawe 
systems. Agency oflicials and farmers conduct 

activities, and the processes and outcomes are 
monitored and documented by IIMI researchers. 
Four broad areas are covered: 

main system management; tertiary system 
management; pilot studies for crop diversifica
tion; and strengthening institutions. 

A project to monitor and evaluate the 
government's new participatory management policy 
is funded through a technical assistance grant from 
the Asian Development Bank (ADB). This project, 
which began in September 1992, focuses mainly on 
the Integrated Management of Major Irrigation 
Schemes (INMAS), tile Management of Irrigation 
Schemes (MANIS) and Mahaweli programs. 

The Government of Sri Lanka has established 
an Irrigation Research Management Unit (IRMU) 
within the Irrigation Department, which has 
hitherto lacked a formal research arm. The unit 
identifies research needs, conducts or contracts 
research, evaluates results and promotes their 
implementation. It also monitors the planning and 
implementation of projects of the Irrigation Depart
ment, particularly the National Irrigation Rehabilita-
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tion Project (NIRP). IIMI has assisted in establish-
ing the unit and building its capacity. 

The Irrigation Department and the Asian 
Development Bank (ADB) have asked IIMI to 
undertake a cost-benefit and impact assessment 
study on the Kirindi Oya Irrigation Settlement 
Project (KOISP). This project has had a chequered 
history. After initial construction, it had to be scaled 
down following cost overruns and the discovery that 
water supplies would be less plentiful than originally 
calculated. Project design and components changed 
frequently during construction. 

IIMl's study began in October 1993 and will be 
completed in October i994. Besides determining 
the costs and benefits of the scheme, the study will 
also try to identify the lessons learned. These will be 
used in the planning and implementation of future 
projects. 

Under a collaborative project with the Tropical 
Agricultural Research Center (TARC) of Japan, 
IIMI is studying the potential for improving tank 
cascade irrigation systems. This study is being 
conducted in the Thirappane area, about 30 km 
south of Anuradhapura in north central Sri Lanka. 
This cascade area contains six interconnected tanks 
on either side ofa small watercourse which ends in 
the Nachchaduwa Reservoir. 

Finally, the program is also taking part in a 
novel project on the shared management of natural 
resources. This project isbased on the premise that 
increasing users' control is vital to securing the more 
productive, equitable and sustainable use of land and 
water. A unique feature is the focus on whole 
watersheds, emphasizing the need to integrate 
development in different parts of the watershed-
tipper catchment areas, reservoirs, command areas, 
and downstream areas. Two pilot watersheds 
namely, Huruluwewa in the dry zone and Upper 
Nilwala in the wet zone, are included in the project. 
Funded by USAID, this project is being undertaken 
in collaboration with the relevant government 
agencies. 

Country Programs 

ACTIVITIES IN 1993 

The program helped prepare a project proposal for 
the master planning of water resources in Sri Lanka. 
This isone of the initiatives recommended under 
IMPSA. The master plan is to have four key compo
nents: an inventory of water supplies, an analysis of 
present and future demand, a discussion on water 
conservation and utilization, and the identification 
of staff and training needs. IIMI is also providing 
technical inputs into the preliminary studies now 
under way. 

The project on strengthening management at 
the Kirindi Oya and Uda Walawe schemes made 
considerable progress during the year. At Kirindi 
Oya a plan for cropping patterns and seasonal water 
allocations was formulated, discussed with farmers 
and agency officials and implemented. Steps were 
taken to improve main system performance by 
introducing a management information system. As a 
result of water balance studies and the development 
of a computer model, water releases from the 
system's main reservoir and drainage water flowing 
from new parts of the scheme to the old can now be 
calculated more accurately. Pilot studies were 
conducted on crop diversification and the use of 
supplementary irrigation, and a study on salinity 
diagnosed the causes and proposed some solutions. 

At Uda Walawe, work on institutional strength
ening, pre-season maintenance, and the planning of 
land preparation and crop production was extended 
to the whole of the Moraketiya Branch Canal, 
covering an area of about 7,000 ha. A strategy was 
developed for crop diversification along the Right 
Bank Main Canal. Work on main system manage
merit included the installation of flow gauges, the 
introduction of a seasonal water distribution plan, 
the preparation of schedules, flow monitoring and 
the introduction of improved data collection and 
processing. This work together with other improve
mepts in system management saved an estimated 10 
million cubic meters of water in the maha rainy 
season of 1992/93, compared with the amount used 
the previous year. A joint Water Management 
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Committee was established to extend the results to 
the whole scheme. 

Monitoring and evaluation of the government's 
participatory irrigation management policy contin-
ued during the year. To plan the detailed data 
collection, a field reconnaissance of the schemes 
covered by the project was undertaken. The data 
from this study were used to select research sites and 
design further data collection efforts. The latter 
consist of recurrent surveys of 30 farmers' organiza-
tions in 18 schemes, process documentation for 6 
farmers' organizations in 6 schemes, and a large-scale 
survey that will cover about 150 farmers' organiza-
tions in at least 50 schemes. 

Analysis is being undertaken to determine the 
major factors affecting progress in forming farmers' 
organizations and joint management committees 
and to suggest ways in which the agencies concerned 
can make their efforts more effective. 

Findings so far are that farmers' organizations in 
INMAS schemes ffinction reasonably well, but with 
significant variations. Many farmers' organizations 
and joint management committees continue to need 
agency support, which they are unable to obtain 
because of staff shortages. Officially, many distribu-
tary channels have been turned over to farmers' 
organizations, but in fact most still get extensive 
support from the government, 

Farmers' organizations in MANIS schemes are 
better developed than expected-70 percent of the 
systems visited had farmers' organizations of some 
sort, while 50 percent had project management 
committees. However, they appear to vary greatly in 
effectiveness, 

Farmers' organizations exist throughout the 
Mahaweli schemes and are being strengthened. In 
1993, joint management committees were also 
created in the Mahaweli schemes and have been 
learning their roles and functions. No turnover of 
management functions has yet occurred, 

After preparatory activities in 1992, IRMU was 
established in 1993, with two IIMI research staff 
assigned to a field office at Galgamuwa, within the 
Sri Lanka Irrigation Training Institute (SLITI). A 
strategic plan and mid-term research agenda were 
drafted and circulated for comments, and a work
shop was held on 28 October to discuss their 
contents. Forty participants from different organiza
tions dealing with irrigated agriculture participated. 
A small research library has been established, and 
books, journals, technical reports and articles are 
being acquired. Steps have been taken to improve 
the library's physical facilities, including the procure
ment of computers. 

The unit has already launched its own research 
program, with a strong emphasis on the needs of 
NIRP. A study on the potential for the conjunctive 
use of agro-wells and surface water began during the 
maha season of 1992/93. An evaluation of rice-chilli 
intercropping in water-deficit irrigation systems in 
the dry zone was undertaken as part of efforts to 
encourage crop diversification. This study has shown 
that rice and chilli can be intercropped successfuly 
in this zone. In addition, sites were selected for 
research on micro-catchments, and a study monitor
ing farmers' involvement in NIRP's rehabilitation 
projects got under way. 

During the year, on July 15 and 16 IRMU also 
organized a 2-day workshop at SLITI, Galgamuwa 
on computerized decision support models. On the 
recommendation of the workshop a pilot study 
comparing the performance of the most promising 
models will be conducted. 

Preparatory work on estimating the costs and 
benefits of KOISP was carried out. The benefits 
covered will be analyzed from three main points of 
view: agriculture (productioi); the human popula
tion of the area, including women (equity); and the 
environment and natural resources (sustainability). A 
large-scale sample survey will cover a minimum of 
500 households. This will be supplemented by 
special studies. 
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Preliminary findings of 
the study on tank cascade 
systems were given in IIMI's 
1992 Annual Report. Two 
years' data on system 
hydrology are now available. .. 
Following data analysis, a 
working paper will be 
published on this subject. 
Among the socioeconomic 
issues currently under study 
are the changing roles of the 
government in relation to 
minor tank communities, as 
political and administrative In Sri Lanka, the project on strengtheningmanagementat the KirindiOya and Uda 

devolutions continue. In the Walawe schemes made considerableprogress in 1993. 
project area, the roles of the 
several government organizations present overlap, 
but none has adequate resources to deliver much 
practical assistance. 

Implementation of the project on the sharedImprlemntraionsoftes pecn n te shA
control of natural resources began in September. A 

core group ofsenior government officials direcdy 

involved in natural resources management spear-

headed the design process, which involved consulta-

tions with a wide cross-section of resource users, 

government officials and representatives of 
nongovernment organizations at field and provincirl 
level. Two pilot watersheds for project implementa-
tion were chosen, Huruluwewa and Upper Nilwala, 
in the North Central and Southern provinces, 
respectively. Workshops were held for national 
policymakers, provincial-level officials, field-level 
officials and for user groups, both in Colombo and 
in the project areas. 

The main themes identified for work in the 
Nilwala watershed include integrated water manage-

ment, shared control of forests, the development of 

model homesteads, the promotion oforganic 
farming, the introduction of improved processing 
and marketing, the improvement of tea/rice culture 
through land consolidation and the prevention of 
environmental hazards, and the identification and 
strengthening of local resource users' groups. Similar 

themes were selected for the Huruluwewa watershed, 
where the regeneration of tank ecosystems was an 
additional theme. The project will also conduct 
research on water balance and integrated water 
management, bio-diversity (including endemicmngmnbodvriy(nldn nei 
resources and medicinal plants), indigenous knowl
edge and practices, ecotourism, vegetation change 
and rainfall, improving water utilization, social 

conflicts, the potential for agri-business and the 

economics of irrigation. 

During 1993, the program organized two major 
technical workshops, one on decision support tools 
for operation and maintenance, and the other on 
macrocatchment management and performance 
evaluation. A third workshop, on IRMU's strategic 
plan and medium-term research program, was also 
organized. In addition, a series of workshops and 
training programs was held for agency officials and 
farmer representatives under the research project at 
Kirindi Oya and Walawe. And, as already noted,
several workshops were held to launch the new
project on sharing the control of natural resources. 

The monthly seminar series launched by IRMU 
in 1992 has been well received. Twelve seminars 
have now been held, covering a wide range of topics. 

Participants from the Irrigation Department, 
IRMU, the Agrarian Research and Training Insti-
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ture (ARTI) and the provincial councils took part in 
a group training exercise on the rapid appraisal of 
irrigation systems for rehabilitation and moderniza-
tion. Individual training included the hosting of two 
graduates from Silsoe College, U.K. on post-
graduate internships. These students were from 
Ghana and the Netherlands. An IIMI research 
officer completed a masters degree in agricultural 
economics. The program is hosting three Sri Lankan 
research fellows who are pursuing M.Sc. and M.Phil. 
degrees at Moratuwa University and the University 

of Peradeniya. In addition, IIMI staff supervised 
theses research at Post-Graduate Institute ofAgricul
ture and at Ruhuna University. 

Major publications during the year included a 
paper entitled "Cumulative Relative Water Supply: 
A Methodology for Assessing Irrigation System 
Performance," which was published in Irrigation 
and DrainageSystems 7: pp. 43-67. Several papers 
were presented to workshops, both in Sri Lanka and 
overseas. 

Bangladesh
 

THE CONTEXT 

Bangladesh lies on the combined delta of the 
Ganges, Brahmaputra and Megna rivers. The 
density and poverty of its predominantly rural 
population-currently more than 1,000 people per 
square kilometer of arable land and growing at more 
than 2.4 percent per year-exert enormous pressures 
on the country's natural resources, 

Virtually all the 9 million hectares of cultivable 
land in Bangladesh are already in use. Efforts to 
increase agricultural production must therefore focus 
on increasing yields and/or cropping intensity. Each 
of these approaches requires more and better 
man.aged irrigation. Currently, about a third of the 
country's cultivable area is irrigated to some extent. 
Some 80 percent of this is served by motor-driven 
shallow tubewells, deep tubewells and low-lift 
pumps. Major canals serve only 7 percent of the 
irrigated area. The remaining 13 percent is irrigated 
using traditional manual techniques. It isbelieved 
that the country's use of irrigation could be more 
than doubled, particularly through the increased use 
of groundwater. 

IIMI's country program in Bangladesh faces a 
somewhat different environment to that encoun-

tered elsewhere. With irrigation relying so heavily on 
small-scale technologies, the management of most 
individual systems (ofwhich there are hundreds of 
thousands) is of necessity noncentralized. Each 
pump system is,formally or informally, autono
mous. As a result, there can be no single national 
agency with both the mandate and the means to 
manage the minor (non-canal) irrigation sector. The 
prevalence of small-scale technology allows consider
able scope for privatization, which has recently been 
given a good deal of impetus by the market, the 
government and donors. Privatization is leading to 
increased local control, of both water deliveries and 
water sources. It isalso leading to pressure on 
government agencies to redefine their roles and to 
develop ways of facilitating turnover. 

THE PROGRAM 

IIMI's program in Bangladesh focuses on the 
management issues associated with the utilization 
and expansion of irrigation systems in an increas
ingly privatized environment, particularly in the 
minor irrigation sector. This focus affords opportu
nities to work with government agencies such as the 
Bangladesh Water Development Board (BWDB) 
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and the Bangladesh Agricultural Development 
Corporation (BADC) as they seek to change their 
roles and to facilitate privatization and participatory 
management. The program also interacts with 
nongovernment organizations, which often cater to 
the needs ofgroups traditionally outside the rural 
power structure, such as landless laborers and 
women. Lastly, it helps to identify opportunities and 
problems in the market's provision of irrigation 
services. This inter-institutional approach, spanning 
the different sectors involved in irrigation, fills an 
important gap in Bangladesh. 

IIMI has been working in Bangladesh since 
1988. A consultative committee (with representa-
tives drawn from various ministries, agencies and 
research institutions) works with the Institute's 
program in setting guidelines for program develop-
ment and reviewing past activities, 

Before 1993, IIMI's field research in Bangladesh 
was dominated by a collaborative project with the 
International Rice Research Institute (IRRI) -nd the 
Bangladesh Rice Research Institute (BRRI). This 
project had field components at three locations: (a) 
the Ganges-Kobadak Irrigation System, a major lift 
canal system operated by the Bangladesh Water 
Development Board (BWDB); (b) the North 
Bangladesh T'ubewell Project (NBTP), also operated 
by BWDB but using deep tubewells located near 
Thakurgaon; and (c)tubewells Linder various forms 
of management-private, rental and public-in the 
Rajshahi Region. Some of this research was corn-
parative in nature, especially with regard to the 
different types of tubewells used, while some would 
be better described as action research, specifically a 
very successful canal rotation experiment emphasiz-
ing user-agency interaction in the Ganges-Kobadak 
System. 

Other pre- 1993 activities included inputs into a 
joint project between BWDB and the Bangladesh 
University of Engineering and Technology (BUET) 
on irrigation management, and a series of workshops 
to assess training needs, conducted with BADC. 
These vorkshops provided an opportunity for 

BADC's top managers to explore the implications of 
their organization's changing roles as the minor 
irrigation sector becomes increasingly privatized. In 
addition, a regional workshop on farmer-managed 
groundwater irrigation systems was held in Dhaka. 

ACTIVITIES IN1993 

In June 1993, an agreement was signed between the 
Asian Development Bank, the Government of 
Bangladesh and IIMI for a collaborative 2-year study 
with the Ministry of Agriculture on privatization of 
the minor irrigation sector. The study's objectives 
are to review the current status and impact of 
privatization at the district and pump levels and to 
identify future opportunities and constraints. A 
study advisory committee was established and a field 
research team, from tile Bureau of Socio-Economic 
Research and Training (BSERT) of Bangladesh 
Agricultural University, was selected. 

The team worked on refining tile design of the 
study, developing questionnaires and other research 
tools a'd preparing for tile deployment of field 
researcaers to five districts around the country. To 
reveal conditions that fhcilitate or constrain minor 
irrigation development, tile study districts were 
chosen so as to represent areas which are either 
relatively advanced or underdeveloped in this respect. 

During the year program staff worked with 
BUET researchers on the design of a pilot program 
to improve the management of surface irrigation 
schemes. This was a follow-up to previous efforts in 
this area. Central to the pilot program are interven
tions to increase the involvement of fhrmers in 
tertiary-level operation and maintenance. The 
implementation and effects of these management 
changes will be studied during the spring and 
monsoon rice seasons of 1994. 

In February, the research network on Irrigation 
Management for Crop Diversification and the IIMI-
Bangladesh program organized a workshop in 
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Dhaka on the theme of Ensuring Reliable Water 
Supplies for Crop Diversification. Representatives 
from nine countries attended. The papers presented 
identified the similarities and differences in experi-
ences and strategies between countries. The 34 
participants went on field trips to the Comilla, 
Tangail and Mymensingh areas, which illustrated 
some of the crop diversification issues precalent in 
Bangladesh. 

The program contributed to training events 
organized by BARC and BRRI on irrigation man-

India
 

THE CONTEXT 

India's irrigation sector is one of the world's largest 
public-sector investments. An estimated 76 million 
hectares or 46 percent of the country's arable land 
now receives irrigation of some kind. The technol-
ogy used ranges from dugwells through deep 
tubewells to innumerable tank and river diversion 
systems. 

The sector is performing far below potential. In 
many large-scale systems, productivity isstagnating 
or declining, leading to fears of a new food crisis at 
the turn of the century. A recent World Bank review 
points to poor planning and financial management 
and to inadequate operation and maintenance as the 
main causes of this mediocre performance. 

THE PROGRAM 

IIMI's program in India began in 1989. The 
Institute has no resident scientist in the country, but 
provides assistance and support through exchange 
visits between its professional staff based in Colombo 
and some 40 collaborating Indian professionals. The 
latter have conducted a considerable amount of field 
research to understand management approaches and 

agement for crop diversification in rice-based 
systems. In addition, follow-up work on the human 
resource development activities of previous years was 
done in association with IIMI's training unit. One 
outcome of these activities isa papcr on institutional 
change at BADC, which will be produced shortly. 

IIMI's memorandum of agreement with the 
Bangladesh Government was renewed in 1993. The 
future of the program was the subject of intensive 
disctission with government officials, donors, and 
senior IIMI management. 

performance in irrigation systems in four states-
Tamil Nadu, Gujarat, Uttar Pradesh and Bihar. 

In Tamil Nadu, staff from Anna University, the Ir
rigation Management and Training Institute, and the 
Public Works Department have analyzed the perfor
mance and main system management processes ofthe 
Tamiravaruni Irrigation System. In Gujarat, similar 
studies have been conducted in the Mahi-Kadana 
Project by professionals from the Water and Land 
Management Institute, the Institute for Rural Manage
ment and the Irrigation Department. Research in Uttar 
Pradesh has concentrated on the conjunctive manage
ment of groundwater and surface water in the Madhya 
Ganga Project, which isstill under development. This 
research has been conducted by scientists from the Uni
versity of Roorkee, the Uttar Pradesh Water and Land 
Management Institute and the Irrigation Department. 
Finally, research in Bihar has focused on conjunctive 
use in another unfinished project, the Eastern Gandak 
Project. IIMI's partners here have been the Bihar Col
lege of Engineering, the Bihar Water and Land Man
agement Institute and the Irrigation Department. 

IIMI's role has been that of catalyst, bringing 
the various parties together in joint research projects 
and assisting in framing research questions and 
developing research methodologies. The Institute 
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states were completed in 
March and submitted their 
final reports shortly thereaf

: 	 ter. Tile recommendations 
were presented through 
workshops to state irrigation 
professionals and 
policymakers. [he reports 
are now being revised and 
synthesized so as to bring 
out an IIMI-India country 
paper highlighting the 
research findings. 

In India, a 3-yearstudy on irrigationmanagement turnoierbegan ii 199.3. Most of the projects' 
findings were described in 

has also provided strategic inputs where necessary, IlIMl's 1992 Annual Report. In the Madhya Ganga 
linking the researchers to the larger international Project, further research was conducted on a model 
research environment, 	 to determine the optimal allocation of surface water 

and groundwater for different cropping patterns.
A further study on the Mahi-Kadana System This showed that if 15 percent of the area currently 

began in April 1993. This will study the impact on cultivated to maize were to be used for rice instead, 
performance of the new data collection system the level of the water table, which iscurrently 
successfilly introduced to the scheme under the declining, would stabilize, Nvith no changes necessary 
previous project. The collaborating partners are the in canal operations. To i.,prove the conjunctive
Water and Land Management Institute and the management of groundwater and surface water, the 
Water Resources Department of the Gujarat State. project has proposed a matrix organizational struc

ture involving farmers and agency staff from ground-A 3-year study on irrigation management water and sturface water organizations. 

turnover in India began in October 1993. This 

study will determine the kinds of turnover occur- The study on the conjunctive use ofgroundwa
ring, develop a detailed understanding of the ter and surface water in the Eastern Gandak System 
processes and constraints involved, and evaluate the of Bihar showed that government statistics on the 
impact of turnover, including its equity effects. areas irrigated by both surface water and groundwa-
Phase I will consist of a reconnaissance of policies, ter are incorrect. In the sample areas, far less land is 
programs and events, and will be carried Out In SiX irrigated with surface water than is supposed. 
states. Phase IIwill be a more detailed study, carried However, groundwater development is constrained 
out in two states only. This study isbeing conducted by the high cost of diesel, poor maintenance and low 
in collaboration with the Indian Institute of Man- efficiency. There is a strong local market in ground
agement, at Ahmedabad. water. The institutional environment created by the 

government fails to support either surface water or 
groundwater usage effectively. (For a further discus-

ACTIVITIES IN1993 	 sion of these results, see page 47). 

The four initial collaborative research projects in The data collection procedure successfully 
Tanil Nadu, Gujarat, Uttar Pradesh arid Bihar introduced and tested by the Gujurat team in pilot 
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areas of the Mahi-Kadana System has now been 
extended and adopted throughout the project area. 
It serves as the basis for introducing a management 
information system that will be used to test various 
performance indicators. The data collected are 
currently being entered on computers and processed. 
The results obtained so far were discussed in a 
workshop held in December. The project will 
continue until May 1994. 

Tile study on turnover was launched in Octo-
ber. A literature review was completed by the year's 
end. 

Five members of the Indian National Conlnis-
sion on Irrigation and Drainage (INCID) visited 
IIMI headquarters in February to understand its 
global role and activities, interact with its scientists 
and discuss the Institute's future program in India. 
They visited some Sri Lankan irrigation systems in 

Nepal
 

THE CONTEXT 

Nepal isexperiencing unprecedented changes in its 
political and economic climate in general, and in its 
irrigation sector in particular. Both are undergoing 
increasing democratization and privatimation. 

The country's eighth Five-Year Plan (1992-97), 
produced by the National Planning Commission in 
November 1991, states that nearly half of Nepal's 
population or an estimated 8 to 9 mi!lion people 
now live below the poverty line and are deprived of 
basic human needs. At the heart of the prublem is 
the fact that population growth has outpaced the 
increase in food supply. Increasing food production 
is therefore one of the plan's key elements. The 
country's irrigation sector isexpected to provide a 
significant share of this increase, 

which participatory management is being irpic
mented. 

A workshop on tile future of collaborative 
research in Tamil Nadu was held in Madras on 29 
March. The objectives were to obtain the views of 
irrigation professionals, managers and policymakers 
on the desirability of further collaboration, and to 
identify the priority areas and issues that could be 
addressed. About 30 participants attended. One 
outcome was the formation Ofa consultative group on 
irrigation management research. This group will 
coordinate future research and encourage nctworking. 

A paper on IIMI's potential contribution to 
irrigation management research nationwide was 
prepared by an external consultant. This will provide 
the basis for further discussion with Indian political 
leaders on the establishment ofa long-term program 
in the country. 

Nepal's diverse terrain makes it difficult to have 
asingle-faceted policy towards irrigation develop
ment. The potential for expanding the irrigated area 
lies mostly in the terai (plains), but there isalso some 
potential for further development in tile hills. The 
Eighth Plan emphasizes that, in both new construc
tion and rehabilitation, efforts should be directed 
towards medium- to small-scale irrigation systems. 

Tile major national institutions involved in the 
irrigation sector are the Department of Irrigation 
(DOI), which undertakes infrastructure develop
ment for medium- to large-scale systems, and the 
Agricultural Development Bank of Nepal (ADBN) 
which, together with various other institutions, 
including international donors as well as national 
agencies and nongovernment organizations, supports 
small-scale irrigation development. 
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Over 60 percent of Nepal's irrigated area isnow 
managed by farmers. In the past 5 years, both 
government and nongoveriment agencies have 
provided strong support to farmer management and 
to the process of management transfer. The govern-
ment iscommitted to increasing farmer participation 
still further, and to the complete transfer of manage-
ment wherever possible. The objective of lIMI's 
program in Nepal is to help the government achieve 
these aims, which require considerable strengthening 
of farmers' organizational capacities as well as the 
reorientation ofexisting government agencies. 

THE PROGRAM 

IIMI established its program in Nepal by posting i 
resident scientist to the country in 1985, at the 
request of the Water and Energy Commission 
Secretariat (WECS). The program's initial objective 
was to advise the government on how best to assist 
existing farmer-managed irrigation systems. Funding 
was provided by the Ford Foundation and the 
International Fund for Agricultural Development 
(IFAD). 

Between 1985 and 1989, IIMI collaborated 
with WECS in planning and implementing an 

hi Nepal, IAII contined to povide,assistance to the developmient 
assoCliatios. 

Country Programs 

extensive field research project in the hills. The 
project showed that, although a high degree of 
supervision was necessary to mobilize farier partici
pation at the outset, this resulted in stronger water 
users' organizations and in farmers' increased ability 
to mobilize their own resources, leading eventually 
to a reduction in operation and maintenance costs. 
Most important was the fact that farmer involve
ment in system rehabilitation led to more efficient 
operations and better subsequent maintenance. 

The lessons of the WECS project had important 

implications for the DOI, which subsequently 
requested IIMI to support and strengthen its own 
initiative to improve irrigation management. IIMI 
and the DOI identified several problem areas in 
which IIMI could contribute, and a memorandum 
of agreement between the two institutions was 
signed in 1989. 

A research project on increasing farmer partici
pation in the management of the Banganga Irriga
tion System began later that year and was completed 
in 1992. The results are given in IIMI's 1992 
Annual Report. Several other irrigation systems at 
various stages of the management turnover process 
are now under research by IIMI. They include 
systems at Rajapur, where a rehabilitation project 

ftinded by the Asian Devel
opment Bank (ADB) is 
under way. 

In 1990, IIMI began 
collaborating with the ADBN 
to document and evaluate 
various irrigation projects 
financed by the bank. This 
activity was finded by' the 
Ford Foundation. The study 

showed that loan repayment 
was higher in projects where 
farmers were effectively 
organized than in those where 
they were not. It also identi

/'ivater itsers' fled a lack of technical 
support for the ADBN staff 
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responsible for planning, designing and implementing 
irrigation projects. 

In 1992, IIMI began assisting in the develop-
ment of a database on Nepal's irrigation institutions 
and systems. Funded by the Ford Foundation, this 
work was conducted in collaboration with the 
Workshop on Political Theory and Policy of tile 
Indiana University, USA and the Institute of 
Agriculture and Animal Sciences (IAAS) of the 
Tribhuvan University, Nepal. Once completed, the 
database will be made aailable to practitioners, 
researchers and policymakcrs. In 1994, it will be 
transfierred to al appropriate Nepali institution, 
whose staff will be trained in its use. 

In September 1992, a national workshop on tile 
role of nongovermnent organizations (NGOs) in 
irrigation development and management was 
organized jointly by IIMI and ADBN. A quarter of 
the papers were prepared and presented by farmers, 
most of whom were leading members of well-
established water users' associations. This workshop, 
and subsequent follow-up activities, were funded by 
the International Labour Organisation. One out-
come of the workshop was the creation ofa national 
NGO irrigation network. In addition, IIMI's 
support has led to the formation of a confederation 
of water users' organizations from more than 10 
districts in Nepal. Farmer-to-farmer training activi-
ties have also been strengthened. 

ACTIVITIES IN1993 

Amajor activity at the start of the year was a review 
of the IIMI program in Nepal. IlMI's Director of 
Research headed the review team, which met key 
staff in collaborating government agencies and the 
donor community. The outcome of the review was 
that the IIMI program should broaden its activities 
beyond those related to local management to 
encompass areas such as performance assessment, the 
environmental impact of irrigation, gender issues in 
irrigation, irrigation policy and the management of 
public-sector irrigation. Several of the year's subse-

quent activities may be seen as a transition towards 
this broader role for the program. 

Under the memorandum of agreement with the 
DOI, IIMI studied farmer participation and institu
tional development proccsses in the Rajapur Reha
bilitation Project. Rajapur is not a single system but 
rather a complex network of systems, with a large 
total command area of 13,000 ha, much of which is 
already farner-managed. The six existing water 
users' organizations have merged to form a single 
confederated association to negotiate with the DOI 
on key rehabilitation issues and take over responsi
bility for managing the network as awhole. This is 
the first project in which the DOI and the ADB 
have agreed to allow farmers' associations to partici
pate in the planning, design, construction and 
operation of tile rehabilitated systems. A project 
management committee, consisting of the project 
manager (from the DOI) and all the members of the 
central farmers' committee, has been formed and has 
met several times. IIMI acts as process documentor 
and is al official observer both at these meetings and 
at those of the six water users' organizations. An 
interim report regarding this activity has been 
submitted to the DOI. 

The year saw the start of the much delayed 
"district strengthening" activity. The aim of this 
activity is to improve the quality of the support 
provided by DOI district staff to farmer-managed 
irrigation systems. Staff are trained to make an 
inventory of irrigation systems for use in prioritizing 

irrigation development projects for rehabilitation 
and other services. The inventory serves as al input 
into a geographic information system. This activity 
is funded by the Ford Foundation, the 
Bundesministeriul ftir Wirtshaftliche 
Zusamnmenarbeit (BMZ) and the International 
Fund for Agricultural Development (IFAD). 

Applying the inventory approach in a single 
watershed within a small hill district, tile Institute of 
Agriculture and Animal Sciences (IAAS) found more 
than 200 farmer-managed irrigation systems. 
Clearly, if assistance is to be provided on a broad 
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scale, an inventory will be essential, both for identi-
Fing those systems deserving priolity and for 
monitoring the allocation and use of resources. For 
two other districts, one in tile hills and the other in 
the plains;, tile first stage of the approach, conzisting 
of a reconnaissance survey, has nov been completed. 

During the year a consultancy group fi'om the 
National Irrigation Administration (NIA) of the 
Philippines provided training to DOl staff in farmer 
participation in irrigation developnwnt activities. 
The training proved highly eflective 'n imbuing 
participants with astronger client olientation. 

As a follow-up to the evaluation project with 

ADBN, IIMI began activities to strengthen the 

expertise of staffin tile bank's irrigation loan pro-

gram. Staff were assisted in assessing participatory 

training needs, drafting terms of reference for 

evaluation studies, and preparing manuals. 


Continuing its work to strengthen the role of 
NGOs, IIMI provided various kinds of assistance to 
the development of water users' groups, including 
the provision of training for group leaders, the 
establishment of a directory of water users' organiza-
tions and tile launching of a newsletter for informa-
tion exchange among NGOs involved in irrigation 
development and management. The training was 

West Asia and Northeast Africa 

Average rainfall is low virtually throughout this 
region, many ofwhose countries rely almost entirely 
on irrigation for tile production of food a::d fiber. 
The region ischaracterized by broad and fertile 
floodplains and valleys, created by major rivers rising 
in mountainous areas. Supplementary irrigation 
using groundwater is also widely used. Hlumian 
populations crowd the better-watered areas, the 
carrying capacity of nonirrigated land often being 
very low. In many systems, almost all surface water 
resources have been captured, so that better manage-
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organized by the Center for Rural Technology, itself 
a prominent NGO at national level. The newsletter 
and directory were also initiatives proposed by 
NGOs. 

Work on the development of a database on 
irrigation systems and instititions continued, with 
the number of irrigation sy.;tems included rising to 
173. 

Other activities in 1993 included the implemen
tation ofstudies on perfbrmance assessment and 
gender issues in a terai irrigation system. The 
preliminary results of the gender study are given oi 
page 49. IIMI helped develop a course on irrigation 
management at tile Institute of Engineering, where a 
seminar series was also launched. The National 
Planning Conmission (NPC) invited IIMI to advise 
its technical support committee in diar'ing the 
Agricultural Perspective Plan. Also at tile r'equest of 
the NIPC, IIMI drafted a project to facilitate plan
ning and policy forimulation through the establish
ment of a database on irrigated agriculture. 

At the initiative of IIMI and in collaboration 
with NPC and DOI, a national consultative coln
nittee on irrigation management was convened. 
The committee's first task was to review and guide 
the future activities ofIIMI in Nepal. 

ment of water is the only way forward. File increas
ing use of pumped groundwater is lowering water 
tables. Competition for water between agriculture 
and the region's rapidly expanding major cities is a 
major issue. 

The countries in this region with a major 
irrigation sector are Pakistan, Iran, Iraq, Syria, Egypt 
and Sudan. IIMI has so far concentrated its activities 
in Pakistan and Sudan. Initiatives are under way to 
extend these activities into Egypt. 
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Pakistan
 

THE CONTEXT 

Pakistan's population, estimated at more than 110 
million in 1990, is likely to reach 150 million by the 
year 2000. About 70 percent of its people live in 
rural areas and are primarily dependent on agricul
ture, which isthe mainstay of the country's 
economy. 

With a gross irrigated area exceeding 16 million 
hectares, Pakistan ranks fifth in the world and third 
among developing countries in the extent of its 
irrigated land. In the Indus Basin it has the world's 
largest contiguous irrigation system, comprising over 
60,000 kilometers (kim) of irrigation canals and 
more than 1.6 million km of watercourses and field 
channels. Ihe irrigation infrastructure also includes 
12,500 large public tbwells, more than 275,000 
small private tUbewells and some 16,000 kml of In Pakistan, tubewells have become thefirmners'responseto 
surfIace drains. iadequae dejiveries of good quality canal w'ater. 

Good quality surface water is arguably the 
Studies of the Indus Basin have suggested that it scarcest, most valuable agricultural resource in 

has one of the world's most favorable environments Pakistan. Returns to investment in innovations that 
for large-scale, intensive irrigated agriculture, will lead to its more productive, sustainable and 
Pakistan isthought to be one of the few Asian equitable use are bound to be high. However, as the 
countries with a potential to substantially increase water sector plan recognizes, achieving Pakistan's 
the output of its irrigated sector and to export food ambitious targets depends critically on eliminating 
in the 21st century. In stark contrast to this optimis- the policy and institutional constraints that continue 
tic assessment are the shortfalls in filture national to depress the performance of irrigated agriculture. 
food and fiber production needs-] 0 percent by 
2000, 25 percent by 2013-predicted by the 
recently published Water Sector Investment Plan. 
The plan's pessimisn iswell founded: average yields 
of the country's major crops have stood still or IIMI's program in Pakistan began in 1986, when a 
declined in recent years, and are in most cases less number of international staff members were posted 
than 50 percent of thosL obtained by other major to Lahore. 
producing countries. The future productivity of 
Pakistan's irrigated agriculture is, then, subject to Research activities were supported initially by an 
uncertainty. At the heart of tLc controversy is the institutional development grant from the United 
sustainability of irrigated agriculture as environmen- States Agency for International Development 
tal problems, including salinity and waterlogging, (USAID), and later through specific project funding 
continue to thwart further productivity gains, from the Government of the Netherlands, the 
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International Fund for Agricultural Development 
(IFAD) and the Asian Development Bank (ADB). 
During this early period, IIMI also collaborated with 
the Agha Khan Foundation, which was conducting 
a rural support program in th north of the country. 

In January 1989, a project was launched with 
the aim of minimizing waterlogging and salinity 
through improved irrigation management. Initial 
efforts went into collecting data on irrigation 
practices and the quality of pumped groundwater. 
During the second half of the project, management 
innovations were tested at the distributary and 
watercourse levels of selected canal commands. In A 
addition, computer programs simulating trends in 
salt and water balances over time were testzd, and 
farmers' methods for dealing with salt buildup were 
investigated. 

In August 1990, the Government of Pakistan 
approved a 3-year research project to improve the 
productivity of water resources in the remodeled 
Lower Swat Canal and the newly constructed 
Chashma Right Bank Canal systems of the North-
West Frontier Province. The project i. exploring the 
potential for introducing crop-based irrigation 
operations to these largely supply-driven systems. 
Funding for this project was allocated by the ADB 
in January 1991. 

In 1991, IIMI accepted responsibility for the 
final 2 years' technical assistance component of the 
USAID-supported Irrigation Systems Management 
Research Project, which had begun in July 1986. 
This project aimed to strengthen national capacity 
for research on irrigation management at both the 
federal and the provincial levels, to contribute to the 
more efficient use of land and water resources 
through relevant research, and to improve the 
effectiveness of existing irrigation infrastructtire. 
Some 12 sub-projects were undertaken by various 
national agencies under this project. In inviting I1MI 
to participate, USAID accepted that the Institute 
would have its own research component in addition 
to conducting technical assistance activities, 
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This enabled IIMI to continue its research on 
the development of computerized management 
support technology, which it had begtn under tile 
institutional development grant. hFiletechnology was 
used to predict the impact of different operational 
and maintenance inputs on the objectives ofequi
table and reliable water distribution. This research 
had been identified by irrigation agency officials as 
being particularly valuable for the Irrigation Depart
ment (ID). Hence, it is now a major focus for the 
department's collaboration with IIMI. 

Tile project to mitigate the effects ofsalinization and 
waterlogging ended in December 1993. It revealed 
considerable inequity in] the distribution of canal 
water within distributary commands, compensated 
in part by extensive use of groundwater by farmers. 
Tubewell water is generally of lower quality than 
surface water, potentially contributing to salinity 
buildup in farmers' fields. Research also showed that 
farmers mitigated the effects of salinity o crop 
production by using tubewell water to adjust the 
frequency and depth of irrigation according to need. 
These efforts by farmers need to be supported by the 
periodic provision of good quality groundwater to 
flush the salt our of their fields. A model simulating 
trends in salt buildup was also tested under this
project, the final year results of which are reported 
on page 12. 

Research on management interventions to 
improve canal system operations, conducted in 
collaboration with the Punjab Irrigation Depart
ment, was completed by the end of the year at most 
locations. The exception isthe Chistian subdivision 
of"the Fordwah-Eastcrn Sadiquia Canal System in 
southeastern Punjab, where research on the intro
duction of the Iri'igation Management Information 
System (IMIS) continues, with modest support from 
the Institute's core budget. IMIS was installed in a 
pilot area, using a participatory approach that closely 
involved the Irrigation Department. 
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In July, IIMI began working with the Centre 
National du Machinisme Agricole, du Gnie Rural, 
des Eaux et des For&s (CEMAGREF) of France on 
a project to address issues relating to water markets, 
The initial results of this work are reported on page 
33. Fieldwork was conducted mainly in the 
Fordwah-Eastern Sadiquia Command Area. 

During the second half of the year, the analysis 
and interpretation of the program's research data 
were supported by a newly installed geographic 
information system (GIS). Requests from collaborat-
ing institutions for services in this area are now 
becoming increasingly frequent. 

Research to improve the productivity of irrigation 
water in tie North-West Frontier Province continued 
throughout 1993. In the Lower Swat Canal, the 
introduction ofcrop-based irrigation operations in the 
near fiutue now seems unlikely, following the agency's 
decision to suspend the installation ofgated outlets. 

IIMI has conducted considerable research on the 
circumstances surrounding this decision, and on its 
management implications. This research isdescribed 
oil page 35 of this report. 

The main activities on the Chashma Right Bank 
Canal included tile computer modeling of hydraulic 
conditions, an evaluation of water deliveries and 
conveyance losses, and a baseline study ofcropping 
patterns and farming practices. Aworkshop was held 
in March to discuss the preliminary findings of this 
study with representatives from the collaborating 
agencies. 

IIMI's role in providing technical assistance under 
the Irrig-,tion Systems Management Research Project 
came to an end in June 1993. In April, a symposium 
was held in Lahore at which tile results of this project 
verc presented and discussed. A final report has been 
written and submitted to the donor, as weii as being 
shared with all other interested parties. 

Sudan
 

THE CONTEXT 

Sudan isthe largest country in Africa. Its population, 
estimated at nearly 25 million people in 1992, is 
growing at 2.8 percent per year, outstripping growth 
in the GDP. The agriculture sector is immensely 
important to the country's economy, accounting for 
38 percent of tile GDP and employing about 80 
percent of the population. Itis also a big export 
earner, being virtually the country's only source of 
foreign exchange. 

The total area of the irrigated subsector is about 
1.89 million hectares, or 27 percent of the country's 
total area under cultivation. The Gezira Scheme 
alone occupies 0.882 million hectares. Other major 
public-sector schemes are New Halfa (0. 151 million 
hectares), Rahad (0.126 million hectares) and the 
Blue and White Nile schemes (0.269 million 

hectares). There are five sugar cane schemes, with a 
total command area of about 0.1 million hectares, 
and many smaller but still significant public-sector 
schemes. 

The irrigated sector thus plays a major role 
within the agriculture sector. It isa relatively secure 
source of food, especially in times of drought. It is 
also a major source of cash crops for sale in urban 
markets and as exports. It produces all the country's 
wheat and Sugarcane, almostall its cotton and 
horticultural crops, and a substantial proportion of 

its sorghum and food legumes. 

Among all the countries of the developing world 
in which irrigation is currently undergoing 
privatization, Sudan is perhaps the one in which the 
process is occurring most rapidly. The radical 
changes taking place throughout its irrigated sector 
were described in I1MI's 1992 Annual Report. 
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.. ..... ... 

In Sudan, irigated a'gricultre,plas an important role in the economy ofthe countiy. 

THE PROGRAM 

IIMI's program in Sudan begin in mid-1989, when 
the Institute recruited an international staff member 
to establish an office in Khartoum. In October of 
that year a national policy workshop was organized 
in Wad Medani to identify important issues for 
collaborative research. 

A major project to assist Sudan's Gezira Board 
was launched in 1990 and completed in October 
1992. Its principal objective was to promote improved 
water management. Advice in this area was based 
originally on the results of selected experiments 
conducted at the Board's pilot farm, but later the 
scope was extended to cover new experiments on the 
firm as well as in other areas of the scheme, so as to 
obtain results that would be more broadly applicable. 

A study of irrigation management and perfor-
mance in the Rahad Irrigation Scheme began early 
in 1991. The scheme isunusual in that water is 
allocated by one agency, the Rahad Agricultural 
Corporation, but delivered by another, the Ministry 
of Irrigation. The objective is to assist management 
agencies and farmers in developing management 
practices that will improve the efficiency and equity 
of water deliveries. Work began in 1991 with the 
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monitoring of supplies at selected control points 
along Major 5,a sub-main canal. 

A study oil the privatization of pumping 
schemes on the White Nile has been initiated in 
collaboration with the Ai\iisory Unit of Agricultural 
Corporations (AUAC) and the White Nile Agricul
tural Corporation (WNAC). The objectives of this 
study are to compare management under the 
existing parastatal agency (WNAC) with that under 
private companies and Farmers. Six schemes have 
been selected .Or this purpose, two from each 
management modc. In a further study, funded by 
the International Fund for Agricultural Develop
ment (IFAD), IIMI will train farmers and help them 
form the necessary organizations to fulfill their 
management responsibilities. 

IIMI isalso providing technical assistance to the 
Kenana Sugar Company. Studies on long furrow 
irrigation problems are being conducted to improve 
irrigation performance at the field level. 

ACTIVITIES IN1993 

In 1993, the program developed a new strategy for 
future operations in Sudan. It will broaden its 
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activities beyond tile current focus on management 
turnover, undertaking more research in areas such as 
performance assessment. It will also devote more 
efforts to strengthening the national capacity for 
research, management and policymaking in the 
irrigation sector. 

The team investigating the performance of the 

Rahad Scheme presented the preliminary results of 

its research on the scheme's Major 5 canal. Although 
overall water releases are close to crop water require-
ments, deliveries fluctuated considerably among 
individual reaches. Additional flow monitoring 
exercises were organized for agency staff Indicators 
for the performance assessmentr of the whole system 

vere identified. A 3-year project has now been 

approved and asteering committee establislied to
 
monitor implementation. 


Under tile study on the White Nile Pumping 


schemes, data were collected on wheat production 

tinder different management modes during the 
1992/93 cropping season. If resources allow, a larger
set of schemes will be covered during the 1993/94wil 
season, so as to obtain a broader view of the produc-

tivity and sustainability of these schemes. 

set fbescemeoveed dringthethe 

Several workshops were organized during the 

year. These covered various topics, including the 


Northwest and West Africa 

This region contains two contrasting agricultural 
traditions. To the north of the Sahara lie the dryland 
farming systems of the Maghreb, where irrigation was 
practiced in ancient times. To the south, irrigation is a 
relatively recent introduction, with major develop-
ment schemes being constructed in the post-indepen-
dence years across tile West African Sahel. In both 
cases the irrigated sector is coming under increasing 
pressure as populations rise, bringing about a rapid 
increase in the demand for food. 

Nigeria, with the region's highest population, is 
the most significant irrigating country in West 

planning requirements for new irrigation projects, 
sustainable water supply and disposal, tile problem 
of sedimentation, and the management of the 
agency-farmer interface in irrigation systems. 

A national network on irrigation management 

wis formed and six issues of its newsletter were 
issued over a period of 6 months. 

Individual training activities included the provi
sion of support to a number of Sudanese students 
engaged in M.Sc. research. Field tours were organized 
in Pakistan and Sri Lanka for the First Under-
Secretary of the Ministry of irrigation and the Under-
Secretary for the Hydraulic Research Station. 

The program submitted various reports for 
review, including a background paper on the White 

Nile schemes, aSans report on the privatization of 

agriculture il Sudan, a report on the performance of 

the Gezira Scheme, an assessment of economic issues 
surrounding cotton and wheat production in Sudan,evaltiation of the Major 5 canal in the Rahad 
Sheeatudyof tile Rver syste ad 

Scheme, a Study of the Nile River system and water 
resource development in Sudan, and a comparative 
study of irrigated crop production. Several project 
proposals were written and submitted. 

Africa. IlMI's current program for this subregion is 
managed from an office in Ouagadougou, Burkina 
Faso. Individual country projects are under way in 
Burkina Faso, Niger and Nigeria. Work in each 
country addresses issues related to a particular type 
of irrigation system. A networking approach is used 
to exchange experiences and disseminate results. In 
Northwest Africa, Morocco is the country with the 
most advanced irrigation technology and institu
tions. Here IIMI has had a resident program, which 
was temporarily suspended in 1993 owing to lack of 
finding. 
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Burkina Faso
 

THE CONTEXT (ONBAH). MARA supervises the use of irrigation 
facilities through its Centres R6gionauIx de Promro-

Burkina Faso is a landlocked Sahelian country of tion Agropastorale (CRPAs). Additional support for 
274,000 square kilometers. Its population of about the promotion of farmers' organizations is provided 
9.3 million is growing at just tinder 3 percent a year. by tile Service Provincial Lie l'Organisation et de la
 
Rainfhll is Unreliable, especially in tile drier northern Formation Professionclle des Productetirs
 
areas, and the irrigated sector assumes considerable (SPOFPI).
 
importance for food security,. Unlike its neighbors,
 
Mali and Niger, tile countn , possesses no major Like many other countries, Burkina Faso has
 
river, depending instead on streams in tile upper adopted a policy to transfer responsibility for the
 
watersheds of the Volta, Como and Niger rivers, management of irrigation to farmers.
 

The development of irrigated agriculture began 
in the l960s around snMall storage reservoirs origi- THE PROGRAM 
nallV built to provide water for domestic use, 
livestock and home gardens. There are many such lIMl's program in Burkina Faso aims to strengthen 
reservoirs in the country (nearly 1,100 according to a the ability of national institttions to improve and 
recent survey) but only a small nunber of them, sustain the performance of small-scale reservoir
around 70, are thought to support irrigation systems based village schemes. 
at present. The irrigated agriculture sector as a whole 
is now estimated to cover about 16,000 ha, a modest IIMI currently acts as the executing agency for a 
area compared to the 3 million hectares covered by 4-year technical assistance project funded by' the 
rain-fed agricultu,re, and only a tenth of the total African Development Bank (AfDB) and executed 
area that could be irrigated, under the auspices of M-EAU. The project began in 

April 1991. IIMI provides technical, operational and 
Irrigation schemes range from traditional valley- administrative support, reporting to a 9-member 

bottom systems with basic infrastructure and little or national coordinating committee made up of 
nio means of water control to schemes with relatively representatives of all the ministries and agencies 
sophisticated infrastructue ensuring total water involved in irrigated agriculture. Five representative 
control. The latter type includes some village village systems on the country,'s central plateau were 
schemes, selected for detailed study Under tile project, namely 

Mogtddo, Itenga, Savili, Dakiri and Gorgo.
 
There is no fbrnal irrigation bureaucracy in
 

Burkina Faso. Responsibilities in the irrigated The project h-.s three principal components: 
agriculture sector are divided anmong a nu1mber of research, professional development and information. 
institutions belonging to either of two ministries, the 
Minist e Lded 'Fau (M-EAU) and tile Ministere de 
l'Agriculture et des Ressources Animales (MAIA). ACTIVITIES I14 1993 
M-E.AU sets national water resources policy and 
constructs and rehabilitates irrigation schemes, Under the research component, diagnostic studics in 
usually through tile parastatal Office National des the five village systems continted throughout the 
Barrages et des Anminagements Hydro-agricoles year. Activities included acquiring and updating 
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basic information on the 
physical infrastructure and 
organizational arrangements 
ofeach system, studying the 
supply and storage of water, 
assessing practices relating to 
water conveyance and 
distribution as well as to on
farm irrigation, and review
ing tile institutional and 
legal context of irrigation 
development and manage
ment. The results of this 
work are reported in detail 
on page 29 and 44. In Burkina Faso, only a tenth of'the available landhas been irrigated. 

An annual progress report and a mid-term 
synthesis report were prepared and submitted t(, the 
donor, the coordinating committee and partner 
organizations. Several papers for national workshops 
were also prepared. 

File year was a busy one for the project's 
professional development component. The program 
continued to support tile research of one doctoral 
student and to provide on-the-job training to two 
young engineers. In addition, seven students at 
different stages of their university careers prepared 
theses or project reports based on field research 
carried out on llMI's study schemes. The research 
topics included on-farm water management in the 
Mogtdo Irrigation Scheme, economic analysis of 
irrigated rice cultivation in Burkina Faso, the role of 
women in the Dakiri Irrigation Scheme, and the 
hydraulics of the Gorgo Irrigation System. 

In collaboration with the regional technician 
training school, the Ecole Inter-Etats des 
Techniciens Supdrieurs de l'Hydraulique et de 
l'Equipement Rural (ETSH ER), the program 
organized two 2-week training courses for agency 
field staff, the first in January and the second in 
December. The courses aimed at improving the 
technical and management skills of the 20 agency 
staff who participated in each of them. 

ihe program also sponsored the participation of 
two middle-level technicians in a I0-wek training 
course on Water Management in the African 
Context, organized by ETSHER and the Centre 
National d'EtUdes Agrononiqu,es des Regions 
Chaudes (CNEARC) at Montpellier, France. 

A 3-day national seminar on problems and 
prospects for irrigation development in Burkina Faso 
was organized in February. Nearly 100 participants 
attended. The principal topics discussed were: the 
challenges and constraints facing tile sector; the 
definition of an appropriate technical, institutional 
and legal framework to support turnover and self
management; and the residual responsibilities of the 
state. Twelve papers were presented, a series of 
recommendations was formulated and the event 
culminated in a lively dinner-debate. The workshop 
proceedings were published shortly after the event. 

A 1-week study tour of irrigation systems in 
Burkina Faso was organized in October for a group 
of 15 farmers and agency field staff. 

Under tile project's information component, 
1,000 copies of the third issue of the bilingual 
(French-English) West African Irrigation Network 
Newsletter, devoted to irrigation in Nigeria, were 
produced. The fourth issue is in preparation. 
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Issues I and 2 of a national language newsletter 
on irrigation and the environment, Nanan,ga'zaga, 
were produced in February and November, respec-
tively. These 12 -page and 16-page issues had a print 
run of 1,200 copies each and contained articles in 
two national languags-Moore, the most widely 
spoken national language, and Gourmantch6. Use of 
the latter language enabled the articles concerned to 
be read by fhrmers at the IIMI field site in the region 
of that name. 

In 1993, the program's single project passed its 
hal kvay mark. 'I'lie external mid-term review, 
commissioned by the donor, evaluated its achieve-
ments and suggested fiture directions. A response to 
the evaluation report is being formulated in collabo-

Niger
 

THE CONTEXT 

Vast, landlocked and arid, Niger possesses limited 
potential for expanding rain-fed agriculture. With its 
population rising by 3.3 percent a y'ear, the country 
must make improved use of its scarce water and land 
resources for irrigation if it is to reach its goal of food 
self-sufficiency. Current estimates place the irrigation 
potential of Niger at 270,000 ha, of which around 
30 percent (81,000 ha) are being exploited at 
present. Irrigated production represents roughly 10 

percent of the total agricultural output. 

Rccurrent droughts ae onely partially offset by 
the presence of several major sources of surface 
water. Ihe most important of these is the Niger 
River, which flows for over 550 km through the 
sotthwest of the country. Most of the country's 
modern irrigation schemes, with total water control, 
arc f'ound along its banks, 

Ihe size of Niger's irrigated perimeters ranges 
considerably, from a few hectares to several thou-
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ration with the Coordinating Committee. lhe 
program was also visited by IIMl's External Program 
and Management Review Panel in November. 

Building on the knowledge gained through field 
research, the program has begun addressing policy 
issues. 'lie most urgent of these concern security of 
land tenure, the sharing of responsibilities between 
the state and the firnier in the context of manage
ment turnover, and the creation of conditions 
conducive to the formation of eftictive and viable 
farmers' organizations. heFicebruary national 
workshop proved a particularly eflective forum for 
conveying the importance of these issues to key 
players in the country's irrigation sector. 

sand, with the average size along the Niger River 
estimated at 200 ha. '[here are currently more than 
30 irrigation schemres of this kind, covering over 
7,500 ha. Development of these schemes costs an 
average of US$24,000 per ha and rehabilitation 
approximately US54,800 per hia. Betveen 1987 and 
1990, nearly 40 percent of the schemes with full 
water control were rehabilitated, thanks to major 
finding from several donors. Most schemes practice 
double-cropping of rice, with average yields now 
reaching 5 tomnnes per ha per season (i.e., 10 tonnes 

per ycar)-high by African standards. 

Farmers arc shouldering an increasing share of 
the burden of organizing and supporting irrigated 
production as the government and donors steadily 
reduce their involvement in irrigated agriculture. 
However, the support providCd to farmer-managed 
irrigation could be greatly improved Farmers have, 
until recently, been forced to foir cooperatives, yet 
these have no legal status. Cooperatives now orga
nize the supply of farm inputs, water distribution 
and irrigation system maintenance. '[hey also 
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market tarmers" produce, but in S (hoing must set 
aside a proportion of the profits to invest in inputs 
for the next season, since they cannot legally obtain 
credli t. 

Frequently under pressure from the ven same 
donors that in the past promoted irrigaticn develop-
merit, the Governmnct of Niger isbeing told to 
reduce its role in this area, as well as in irrigation 
managemenit. While farmers accept tis reality they

frtinding it diflicot tl fill the void left by the state, 

THE PROGRAM 

IIM l's program in Niger consists mainl' ofa single 
project supportcd by the African I)cvelopmemt Bank 
(AQ )B). '[he objectives of this project are to identi; 
ways of redicirg operatiiig corts, diversil'ying crops 

and generally improving management in farmer
managed irrigation schemes almog the Niger River. 
Ilie project also pays special attention to the role of 
woIIen in i IgricIltIIre, and to thc environ
01en tal efiects of'irrigatimi. It works Liner thiee 

national ministrics: the Nlinistbrc ic l'Agricutuiire et 
te [1Hcvagc (,\IA( ;/l:I.I)the ,\lini,,reide 
ll lydrau liquC et dc i'inviio0nne.Ient (NIHI-I) and 
the Nlinistlrc dC l'Idicatioii Nationale, de 
Il'hisci lic t Siip"-icir ct dc Li Reclerche ( E-N/ 
"R). "lherC arc to0ur national parltners: the ( )ffice 

National des \i mpinaic. ti-INs'lldro-Agricoles 
(()NAI IA), the histitiut Nijonal d.1 Recherche 
Agrnomniqiic diu Niger (INRAN), th,: (onie Rural 

IR), and the ULnivcrsitv of N iamev (Iacultc d' 
A nomie). A seven-ieimber committee steers and 
coordinates project activites. 

'<lieparastatal ()NAHA isctorrentlh on dergoing 
radical rcorgaiization. Although the final outcome 
remains uncertain, it will probablv relinquish its 
roles in irrigation corstructio and rehabilitation to 

ctits exchtisivclv on providinig soupport services to 
coolperatives (see page 3 1 

TUhe project was approved by the govcrnment in 
July 1991 and field research begam in January 1992. 
TVhreec representative irrigation schemes were selected 
to host field research and training activties-Saga, 
Kourani-Baria and Tillakaina. 

ACTIVITIES IN 1993 

During the year, the program made significat 

progress in its diagnostic research at all three
schemes. *he initial findings of this research were 

given inII NIl's 1992 An nual Report. 'Iliromigh tie 
more detailed studies now being carried out it is 
becoming iicreasingly apparent that the schemes' 
major constraints center rOtillid nInagenient at the 
perimeter level and the organizatioi ofco(peratives. 

Rcsearch has also revealed the competition 
between rain-fed and irrigated agriculture. As in 
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neighboring Burkina Faso, triniers usually giv'e 
priority to their rain-fed crops, leading to indliciet 
irrigation operations. A iliajor future thrnst of the 
prograni will be to dCvelop solutions to this basic 
constraint, 

Annually, the program hosts a nnmber of 
students researching various topics nuder the int 
supervision oftilliversitv ainid project staffEt Most 
studleits examie in More detail issues arising f'oni 
the diagnostic research unidertakeinby tile project. 

One such topic, the role of'wonmen iii irrigated 
agriculturc, evolved iiito at-nionth core add-oii 
project finded by the II N (i ender Prograi. This 
Prject uiIdertook turther aiialvsis oin gender pat-
terns in the organiation of irrilcd agri d 
irrigationi niaiiageient (.see page . It also exam-

ied links betwveen the perfi rnaice Ifirrigationsystenis and gender relations ii socirt. An ai-

tional o)utput expected frOll the pro)ject istie 
identification of the gender-related training aiid 
iiiformation nieeds of' governienii t and 
nongovcrnment organizations working iMNiger. 

In mid-1993, tile project condulcted three 1-
week courses tilr a total of abotit 50 ONAIHA 
perimeter directors. The cotirses were held ii 
Nianiey, Birni n'Koiini, and Tillaber,. Special 
emphasis was placed oil tile pro'isioi Of better 
support and advisory services to cooperatives. At one 
of the courses aprof'ssor of rural sOcioCconomics at 
the University of Niamev preseiited prelmiiiian 
fiiidings on the roles of womcn in irrigated agricul-
ture. These findiiigs were derived fioni tile gender 
studies mentionCd above, 

Four I-year graits are available to send voiiig 
engineers to the regional Ecole Iiter-Etats des 
Ilng~hieurs i I'.quipement Rural (EIER) il 
()uagadougou tilt further training. On eiigineer 
who completed his training iii 199.3 stibsequceitly 
chose to undertake more field work with the IIMI 
project. Two other candidates were receitly selected 
and enrolled in tile same program. 
Country Programs 

A 2.year resea rch gratit isavailable to an ngi
ieer, researcher or teacher at the University of
 
Niamey's Faciulty of Agronony to work with the
 
IINll project Oii issues of niutUal interest. A I-year
 
research gran was recetl awarded to the project's
 
soil scientist. "T'hiswill enable him to move frOil
 
half-to fill-ti me sabbatical status, providing aii 
<
opportuiiity to coiplete research on soil f'rtilir, and 

salinization. 

In 199.3, the project hosted a visit from IIl lMl's 
prograni in Nigeria, whose staff wished to sttdy' 

organizatrioal aspects of the Saga Scheie. It lso 
provided trainiiig to visitiiig engineers studying at 

tE Guinea.aid a group (fengiieers visiting fron 
I.astlv, the program hosted a Nigerien student in 

agricultuiral econics Froni Itlrdue University, who 
undcrtook field research tOr his %I.Sc. thesis, oin the 
econoniics of rice-based rotations iMNiger. "lhis 
student was sponsored by the West Africa Rice 
leveopment Association (WAI)A)and funded by 

the AfI)B. 

The program seiit its training officer on a 2
nionth course in France t streiigthien his skills in 
organiziig traiiiing activities. Other staff icii1bers 
will continue to beiiefit from short-term training 
courses iinthe future. 

A firther issue of the West African Irrigation 
Network Newsletter was piblished iii French and 
English. This niewsletter is a copublication with the 
Burkina IPaso couitry program. The Niger program 
lects halftie costs of publishing aiid periodically 

contributes articles. The project also prepared 
various techniical reports. StudentS fronl the Faculty 
of Agronomv at tile Uiiversitv of' Niainey,and at 

least one faculty iember, prIoduced several reports 
with project support and tinder project stafflsupervi
sioni. 
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Nigeria
 

THE CONTEXT THE PROGRAM 

Nigeria has more irrigated land and greater potential IIM! established its field office illKano, Northern 
for irrigation expansion than any other West African Nigeria, in August 1991, at the invitation of the 
country. About 90 percent of its irrigated area Federal Ministry of Water Resources. ihe program 
consists of traditional irrigation systems and 10 aims to promote farmcr participation in the manage
percent modern, merit of public-sector irrigation. It works in collabo

ration with the Hladcjia-Jama'ara River Basin 
Public-sector irrigation devclopmeiijt a1d IDeveloplent Authority (HJRB[DA). Ihe collabora

managem-ent are the responsibility of the country's tive research forms part of the Kano River Irrigation
II River Basin Development Authorities (RBI)As). Project (KRIP), and is fided by the Ford Founda-
When they were created, in 1976, these parastatal tion. 
agencies of the federal govern merit were given 
responsibility for all agricultural production activities 'he action research undertaken by the program
within their designated river basin area. in support of turnover in KRI P will be used as a 

model to assist other RBDAs in establishing similar
In 1987, the Government of Nigeria adopted a participator managemient systems. Activities focus, 


policy to commercialize public-sector irrigation, as on institutional aspects, modes of mianagement,
 
part of a broader package of reforms undertaken in operation and maintenance lethods, and the
the context of structural adjustmlent. While the mobilizxtion of labor and other resources. IIMI staff 
government continues to provide finds for the work closely with HJ RBDA and KRIP to create the 
development of irrigation infrastructure, the cost of legal basis for joint maiagement and to develop 
services provided by the IRBDAs is no longer procedures for the formation of water users' associa
subsidized but must be borne by tile beneficiaries. tions. Special attention isdevoted to tile collection of 

water charges, with the aim of increasing the success
This policy entails fr-reaching changes, includ- rate in this area. [)ata are collected at three pilot sites 

ing institutional reorganization, legal ref'orms anid in the head, middle and tail sections of KRI P on th1e 
the development of users' organiz..zions. Increas- socioeconomic status of ftirmers, on the crops they 
ingl', responsibilities for operating and maintaining grow, their access to water, the moisture status of 
systems are being shared between fiirmers and soils and growing crops, and the development and 
agencies. Changes have taken place in the scope and activities of water users' associations. This project is 
management of the RBDAs. 'hey have been nw initssecond phase.
 
partially comlrcialized and agricultural production 
activities have been withdrawn from their mandidate. 

Both the size of Nigeria's irrigated sector anid ACTIVITIES IN1993 
these rapid changes in managelent make the 
country an iulportant one for IIMI, allwing l)uring tile year, IIMI continued its studies in 
opportnities both to sttdy the process of change KRIlP. IJ-RIB[)A isnow providing strong instito
anld to provide inputs from experiences elsewhere tional support for the firmation of water users' 
that vill help to gtide that process and ensure its associations. '"'lie authority has established inits 
successfil outcome. both at its own headquarters and within KRI P to 
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In Nigeria,11A11 continmes its studies in the Kano River Irrigatiotn Project. 

promote and support new associations. It has also 
established a review committee to monitor the units' 
activities. Staff have been assigned to promote 
associations in the project area. The Board of 
HJRBDA has confirmed its support for these 
activities. In some cases, users' associations are now 
officially registered; in others, an agreement between 
the association and the agency on the sharing of 
responsibilities has been signed. 

The associations formed at the three pilot sites 
have led to various physical improvements to the 
system, better hydraulic performance, a higher 
collection rate for vater charges, shorter irrigation 
times and increased crop area. These findings are 
discussed in more detail on page 40. 

Activities are now Linder way to gain a better 
understanding of the water distribution system at 
the pilot sites. Measurements are being made at 51 
inlets on seven distributaries and sub-distributaries. 
This exercise will continue until the end of the 
1993/94 dry season. The results will throw light on 
the efficiency of operations Linder the new manage-
ment arrangements. It is important that the crucial 
relationship between the agency and the associations 
get. off to a good start. 

Country Programs 

An important issue facing the future of the 
program is how water users' associations can be 
created and sustained in areas where irrigators do not 
own the land they cultivate. This issue has been the 
subject of discussion with policymakers during the 
year. 

Astudy offadama irrigation systems was 
launched during the year. Fadnasare depressions 
used for irrigated rice in the rainy season and for 
grazing livestock in the dry season. 

The program's activities have led to considerable 
spin-off, including initiatives to start water users' 
associations in other systems, both within and 
outside KRIP. This spin-off is described on page 41 
of this report. 

In collaboration with the llorin University, IIMI 
organized a national seminar on Irrigation Research 
priorities in Nigeria, held at Kano in April 1993. 
The seminar recommended that a national irrigation 
research network be set uip to disseminate research 
results and other relevant information among its 
members. The proceedings of the seminar wert. 
published in June. 
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Latin America and the Caribbean
 

This region of the developing world contains 
abundant, well-watered land. The area under 
irrigated agriculture in Latin America is about 16 
million hectares, which isabout 8-10 percent of the 
total irrigated area in developing countries. The 
major irrigation countries of this region are Mexico, 
Brazil, Argentina, Chile, Peru, Cuba, Ecuador and 
Colombia. 

IIMI's operations inLatin America are at a early 


stage. Guidelines for the development of a program 
were established following an exploratory mission in 
1991. In 1993, further progress was made in building 
aprogram inaccordance wit these guidelines. 


In Colombia, a -month study on management 
transfer is now unde, way. The study is comparing 
the performance of two irrigation systems - Coello 
and Saldafia - before and after turnover. It is also 
studying the results of turnover in eight other 
systems in which it has already taken place. Prelimi-
nary results are reported onlpage 43. 

In Chile, an irrigation official of the Irrigation 
Department, Ministry of Public Works was coil-
tracted to write a report describing the management 
transfihr process in that country. The report has been 
submitted and is now being reviewed by IIMI. 

CAPACITY BUILDING 

IIMl's capacity building activities are designed to 
strengthen national irrigation management and 
research. They are of two major kinds-training and 
information. 

MANAGEMENT TRAINING 

Since 1990, IIMI has participated in a joint program 
with the Deutsche Stiftung fur Emwicklung (I)SE) 

The year also saw preparations for the start-up of 
collaborative research in Mexico. Following two 
missions to that country inJuly and October, memo
randa of agreement were signed with two national 
partner institutions, the CP (Colegio de 
Postgraduados) and INIFAP (Institutuo Nacional de 
Investigaciones Forestales y Agropecuarias). The main 
theme of this research will be management turnover, 
but in the case of INIFAP other themes will be 

pursued aswell. A research agenda for 1994 has been
 

developed with both institutions. The Centro 
Internacional de Mejoramiento di Mais y Trigo 
(CIMMYT) has agreed to provide an administrative"umbrella" for IIMI staff involved in Mexican 

activities. Efforts are under way to hire an Irrigation 
Specialist to be posted to Mexico in early 1994. 

Several publications appeared in Spanish and 
were distributed during 1993. They include the 
Consultancy Report of 1992 that established the 
program's guidelines, FMIS Newsletter Nos. 11 and 

12, IIMI Review Vol. 6 No. 2 and Vol. 7 No. 1, 
and the Proceedings of a Workshop ol Farmer-
Managed Irrigation Systems, held at Mendoza, 
Argentina in 1991. Other publications were ear
marked for translation in the near future. 

designed to upgrade the skills of irrigation managers 
in four countries of Southeast Asia: Indonesia, 
Malaysia, the Philippines and Thailand. Over the 4 
years of the program nearly 20 events have been 
held, involving some 500 participants. 

IIMI's major contribution has been to provide a 
program coordinator to work with the L)SE project 
leader in planning and implementing the program. 
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This has involved an annual meeting to select 
subjects, locations and formats for he year's events, 
choose participants and resource persons for each 
event, and draft the detailed specifications of the 
subject areas to be covered, 

Since the beginning of the program, about 17 
international staff members of IIMI have partici-
pated actively at a DSE/IIMI event. The synthesis of 
ideas emerging from several of these events has been 
of considerable benefit to IIMI. 

Five events were held in 1993. One was at 
national level, an Indonesian workshop on diagnos-
ing training needs and designing training and 
teaching programs for irrigation management. The 
other four were all regional events. Tile first was a 
workshop on the rehabilitation and modernization 
of irrigation systems. This was an intensive interac
tion with experienced senior managers. The output 
from this was used to define the content of the 
second event, which was a regional course on tile 
same subject. The other two regional events were a 
training course on the assessment of irrigation 
performance, and a workshop on the institutional 
framework for irrigation management. 

The program.is now approaching its end. No 
further events will be held in 1994, which will be 
devoted primarily to evaluation. Prelimina-, cvaiua-
tions after each event suggest a high level of satisfac
tion on the part of participants from all four coun-tries. 

During the year, tile management training 

program in Malaysia concluded based on which a 
publication titled " Irrigation Management Training 

fbr Institutional l)eveklcent: ACase Study from 

Malaysia" is in the process of publication. IIMI has 

been involved in Malaysia since 1989, when the 
Department of Irrigation and Drainage ([ID) 
requested the Institute's assistance in a comprehen
sive review of its approach to management. Based on 
the Malaysia experience, similar exercises were 
initiated in Bangladesh and in Sudan. 

Capacity Building 

lIMI's participation in a collaborative training 
program and a conference organized by the Interna
tional Rice Resc arcii Institute (IRRI) during 1993 
opens up pesibilities for collaboration with IRRI in 
training practitioners and mangers in improved 
management of irrigation. 

In addition to the organizational activities 
mentioned above, training courses for irrigation 
professionals, regional and international workshops 
and conference have been carried out as a means for 
professional development. 

In Tamil Nadu, India, IIMI facilitated a 
workshop in 1993 aimed at bringing together 
representatives from government water resources 
management agencies and research institutions. 

INDIVIDUAL TRAINING 
In the area of individual training, IIMI hosted 30 
fellowships and scholarships whose details are given 

in Annex III. These training activities were carried 
out inseveral countries including Sri Lnka, Paki
stan, Burkina Faso and Nepal. 

CCLLABORATIVE RESEARCH ACTIVITIES 

IMIwrstsrnghnaiolreachisiu 
tions by tailoring collaborative research activities inthe field. These collaborative studies are a key
element in IIMI's training activities. 

In 1993, collaborative research activities were 
initiated in several countries, some examples of 
which are given below. 
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AGREEMENTS AND RESEARCH CONTRACTS 

Organization 

Bangladesh 
Bangladesh Agricultural Research Council 
(BARC) 

Ministry ofAgriculturt 

Francm 

Centre National du Machinisme, du Genie Rural, 
des Eaux et des For~ts (CEMAGREF), Montpellier 

India 
Indian Institute ofManagement, Ahmedabad 

Water and Land Management Institute 

(WALMI), Gujarat 


Malaysia 

Muda Agriculture Development 

Authority (MADA) 


Nepal 

Irrigation Management Systems Studies Group 
and Institute ofAgriculture and Animal Sciences 

Hydro-Engineering Services and Nepal Consult (P) Ltd. 

Hydro-Engineering Services and Nepal Consult (P) Ltd. 

Center for Rural Technology 

Purpose 

To renew memorandum of agreement with BARC 
for IIMI to operate in Bangladesh. 

To collaborate on a study of Minor Irrigation Privatization. 

To collaborate on five-year research on: 
(1) 	 Decision support for canal operation and
 

maintenance.
 
(2) 	 Economical analysis methods and tools for irrigation 

management. 
(3) 	 Monitoring of environmental and agricultural
 

changes in irrigation systems through the use of
 
GIS Remote Sensing, Data-Bases.
 

To jointly carry out a study of irrigation management 

transfer in India. 

To develop a management information system for 
performance monitoring in Mahi-Kadana System, 
Gujarat, India. 

To carry out a Collaborative Program on Management 
Innovations and the Performance ofIrrigated Agriculture. 

To conduct an irrigation resource inventory in 
the Northeast portion ofTanahun District using the 
mcthodology developed by IIMI-Nepal. 

To conduct an inventory study of irrigation systems in 
the Marshyangdi River Catchment of Lamjung District. 

To conduct an inventory study of irrigation systems in 
the Babai River C.tchment of the Dang District. 

To conduct farmer leaders' training on organizational 
procedures and processes in order to establish water users 
based NGOs. 
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Organizaion 

Center for Rural Technology 

NGO Forum 

Netherlands 
International Institute for Infrastructural, Hydraulic 
and Environmental Engineering (IHE) and International 
Institute for Land Reclamation and Improvement (ILRI) 

Fakistan 
Water and Power Development Authority 

(WAPDA), Lahore 


Philippines
 

NIA Consult 


Sri Lanka
 

Agrarian Research and Training Institute 


Agrarian Research and Training Institute 

Land Use Policy Planning Division 

Irrigation Department 

Institute of Computer Technology 

Sudan 
Ministry ofIrrigation and Water Resources 

Capacity Building 

Purpose 

To organize the director), of water-user-based NGOs in 
10 districts. 

To publish on a quarterly basis for one year, a newsletter 
that will serve as the information media for the promotion 
of water-user-based NGOs. 

To carry out a five-year collaborative program entitled 
"Research Program on Irrigation Performance." 

To participate in the six member Umbrella Technical 
Group for developing an integrated research plan for the 
Fordwah Eastern Sadiqia (South) Irrigation and Drainage 
Project. 

To conduct a study tour for five DOI, Nepal Engineers 
in participatory management and irrigation resource 
inventory as part of the District Strengthening Project. 

To carry out data collection and analysis for monitoring 
and evaluation of the Participato~y Irrigation System 
Management Policy. 

To undertake the component of Land Development and 
Settlement, Infrastructure and Socioeconomic conditions 
of the KOISP ImpactAssessment Study. 

To undertake the preparation ofa land plan for 
Huruluwewa and Nilwaa watersheds under the SCOR 
Project. 

To provide technical assistance to Irrigation Research 
Management Unit, SLFO Project. 

To establish the nature of current accounting and 
budgeting systems and its problems. 

To renew memorandum of agreement between IIMI 
and the Government of Sudan. 

79 



iiM Af mmo Reporl 19.3 

WORKSHOPS AND CONFERENCES 

Workshops and conferences contribute towards the 
exchange of information and ideas between coun-
tries on new thinking and current experiences in the 
field of irrigation management. In 1993, IIMI 

organized or co-organized workshops and confer
ences in several countries including Sri Lanka, 
Burkina Faso, Sudan, Pakistan and Nepal. The 
Institute was also represented at several workshops 
and conferences organized by other institutions. The 
details of these events are given below. 

WORKSHOPS AND CONFERENCES ORGANIZED OR CO-ORGANIZED BY IIMI
 

Title 

Le Management de l'Irrigapion iTraining Course on Irrigation 

Management (co-organizer:ETSHER, Ouagadougou, Burkina Faso)} 


Quel Environnement pour le Dveloppement de l'Irrigation au 

Burkina Faso? (What Context for the Development of Irrigation 

in Burkina Faso?)
 
(co-organizers:Burkina Faso Ministry ofWater and Burkina Faso
 
Association of Management)
 

Third Progress Review and Coordination Workshop of the IMCD 

Research Network (co-organizers:BARC and BAU) 


Irrigation Management Improvement Project: Mid-Project Review 

and Planning Workshop 

(co-organizers:HR Wallingford, U.K. and Irrigation Department, Sri Lanka)
 

Irrigation Management in the Fordwah/Eastern Sadiqia Area 


Crop-Based Irrigation Operation Project 

(co-organizers:IIMI-Pakistan and Asian Development Bank) 


From Farmers' Fields to Data Fields and Back A Synthesis of 

Participatory Approaches to Resource Information Systems 

(wganizers: IAAS/IU/Ford Foundation/IIMI/ILO/UNDP)
 

Improving Irrigation Operation and Maintenance through 

Decisikn Support Technology 


Irrigation System Management Research (ISMR) Symposium 

(co-organizers:Government of Pakistan and USAID, Islamabad) 


Decision Support Systems for Improved Irrigation System and 

Water Resources Management 

(cosponsors: IIMI-Pakistan and CADSWES) 


10th International Irrigation Symposium-Water Berlin Congress '93 

(organizer:German Association for Water Resources and Land 

Improvement (DVWK), co-organizers:World Bank, FAO, ICID and IIMI)
 

Date Location 

4-16 Ouagadougou, 
January Burkina Faso 

1-3 Ouagadougou, 
February Burkina Faso 

8-11 Dhaka, 
February Bangladesh 

10-11 Waikkal, 
February Sri Lanka 

15 Bahawalnagar, 
February Paksitan 

14-15 D.I.Khan, 
March Pakistan 

21-26 Rampur, Chitwan, 
March Nepal 

30 Faisalabad, 
March Pakistan 

11-13 Lahore, 
April Pakistan 

21-22 April Lahore, 
26-27 April Peshawar, 

Pakistan 

29-30 Berlin, 
April Germany 
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Title Date Locaton 

Training Program for Office National des Amenagements 14 June Niamey, 
Hydro-Agricoles (ONAHA) Perimeter Directors on 02 July Birni N'Konni, 
Irrigation Management Tillabery, Niger 

Workshop on Performance Assessment of Rahad Irrigated Scheme 19-20 Wad Medani, 
June Sudan 

DSE/IIMI Workshop on Diagnosing Training Needs and Designing 21 June Yogyakarta, 
Training Programs for Irrigation Management in Indonesia 25 July Indonesia 

DSE/IIMI Workshop on Majagement of Rehabilitation and 5-9 Manila, 
Modernization of Irrigation systems July Philippines 

DSE/IIMI Workshop on Planning, Monitoring and Evaluation 12-30 Baguio City, 
of Irrigation Performance July Philippines 

Workshop on Use of Computer Models as Decision Support Tools in 15-16 Galgamuwa, 
Operation and Management ofIrrigation Systems: Sri Lanka Experience July Sri Lanka 
(organizers:IRMU/IIMI) 

Workshop on Training Needs Assessment and Organizational Constraints 7-19 Wad Medani, 
Assessment August Sudan 

Planning Workshops on Shared Control of Natural Resources 23 Sep. - Colombo, 
25 Oct. Huruluwewa, 

Anuradhapura, 
Morawaka, and Gaile, 
Sri Lanka 

DSE/IIMI Course on Management of Rehabilitation and 4-22 Chiang Mai, 
Modernization of Irrigation Systems October Thailand 

Workshop for Delivery of Training Needs Assessment and 23-28 Wad Medani, 
Organizational Constraints Assessment (TNA) Results October Sudan 

Workshop on Catchment Management Study and Study on Performance 26 Colombo, 
Monitoring of the Automatic Flow and Water Level Downstream October Sri Lanka 
Control Strqctures (organizers:IRMU/IIMI) 

Workshop on Strategic Plan and Medium Term Rcsearch 28 Colombo, 
Program of IRMU October Sri Lanka 

DSE/IIMI Workshop on Institutional Framework for the 1-5 Chiang Mai, 
Management of Irrigation November Thailand 

DSE/IIMI Course on Training Materials for Irrigation 19 November Chiang Mai, 
Management Systems. 17 December Thailand 

Information Techniques for Improving the Management ofWater in 6-10 Colombo, 
lirigation Schemes (organizers:IIMI/CEMAGREF/IMTA) December Sri Lanka 

Le Management de l'Irrigation (Training Course on Irrigation Management) 6-18 Ouagadougou, 
(co-organizer:ETSHER, Ouagadougou, Burkina Faso)) December Burkina Faso 
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Title Date Location 

Training Program on Research Methodology 
(organizers:IRMU/IIMI) 

13-17 
December 

Galgamuwa, 
Sri Lanka 

SELECTED WORKSHOPS AND CONFERENCES AT WHICH IIMI WAS REPRESENTED 

Workshop on Mahaweli Restructuring Project 
(organizer:Ministry of Lands, Irrigation and Mahaweli Development) 

Asian Regional Symposium on Maintenance and Operation of 
Irrigation and Drainage Schemes for Improved Performance 
(organizers:HR Wallingford, UK, DFA/MWR/PRC) 

Workshop on Inland Valleys Research in Sub-Saharan Africa 
(organizer:WARDA) 

Les zones humides au Burkina Faso (Wetlands in Burkina Faso) 
(organizer:IUCN) 

Annual General Meeting and Seminar of Sri Lanka Agricultural 
Economics Association 

Fourth Annual Common Property Conference 
(organizer:IASCP) 

The American Society of Agricultural Engineers' Summer Meeting 
(organizers:American USA Society of Agricultural Engineers and 
Canadian Society ofAgricultural Engineers) 

6 1st Meeting of the Technical Advisory Committee (TAC) of the CGIAR 

La mise en valeur des amdnagements hydro-agricoles de petite et moyenne 

taille, (Development of small and medium-scale irrigation schemes) 

(organizers:Ministry of Water and Ministry of Agriculture and Animal
 
Resources, Burkina Faso)
 

Akinual Convention of the Japanese Society of Irrigation, Drainage, 

and Reclamation Engineering (organizer: Japanese Society of Irrigation, 

Drainage, and Reclamation Engineering)
 

Seminar on Improvement of Farm-Level Infrastructure 

(organizer:Asian Productivity Organization) 


FAO Expert Consultation on Irrigation Water Delivery Models 

(organizer:FAO) 


Canal Lining and Seepage 

(co-sponsors: Hydraulic Research, Wallingford, U.K./IWASRI) 


62nd Meeting of the Technical Advisory Committee 

(TAC) of the CGIAR 


20 Colombo, 
May Sri Lanka 

24-26 Beijing, 
May China 

8-10 Bouake, 
June Cote d'Ivoire 

30 June - Ouagadougou, 
02 July Burkina Faso 

12 Peradeniya, 
June Sri Lanka 

16-19 Manila, 
June Philippines 

20-3 Spokane, 
June Washington 

28 June - Colombo, 
06 July Sri Lanka 

26-29 Ouagadougou, 
July Burkina Faso 

22 Tokyo, 
July Japan 

31 August - Tokyo, 
10 Sep. Japan 

4-7 Rome, 
October Italy 

18-21 Lahore, 
October Pakistan 

18-22 Washington, 
October USA 
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Tile 

Environmental Assessment and Management of Irrigation and Drainage 
Projects for Sustained Agricultural Growth (oganizer:CEWRE) 

International Centers Week of the 
CGIAR 

Use of Remote Sensing Technology for Irrigation and Drainage 
(Invited Experts Workshop) (sponsors: CEMAGREF and UNFAO) 

International Conference on Environmentally Sound Water 
Resources Utilization (organizers:IWRA and AIT) 

Gender and Water Resources Management: Lessons Learned and 
Strategies for the Ftuturc (organizer:SIDA) 

Water Manageme,,: India's Groundwater Challenge 

INFORMATION 

IIMl's information activities are designed to dissemi-
nate research findings and experience to IIMI 
research staffand their partners, and also to others 
with an interest in irrigation management, including 
policymakers and donors, 

The information office incorporates Editorial 
and lrodt ction Services, Library, Documentation, 
Putblic Awareness/Communications, istribution, 
and Computer Ser,'ices. 

ACTIVITIES IN1993 

The Editorial and Production Services group 
published a record 25 formal program publications 
during the Year (Annex 11) together with several 
brochu,res and a range of other institutional docl
ments. The 1993 IIMI Review, published mid-year, 
focIsed on l IM l's management training programs, 
with special reference to the collaborative work 
completed recently in Malaysia. 'his periodical has 

Capacity Buildhig 

Date Location 

24-28 Lahore, 
October Pakistan 

25-29 Washington, 
October USA 

2-4 Montpellier, 
November France 

8-11 Bangkok, 
November Thailand 

1-3 Stockholm, 
December Sweden 

14-16 Ahmedabad, 
December India 

been translated into Spanish and French, a proce
dure which is to become standard practice in future. 

]]MI's library holdings increased by 1,587 items 
during the year including 147 unpublished mono
graphs, 489 articles and chapters in books, 583
journal articles and 8 audio-visual items. [he 
number of items in the special repository of irriga
tion management documents was increased to 
3,244. The library now subscribes to 103 periodi
cals, 6 abstracting journals and 7 electronic journals. 

The selective dissemination of information to 
IIMl's research staff based on individual profiles, 
continued this year, generating nany requests for 
information. 

'[he library and documentation staff partici
pated in two local information networks, the 
Agricultural Information Network (AGRINET) and 
the Environment Library Network (ELINET). IIMI 
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hosted an AGRINET workshop on agricultural 
information technology from 8 to 12 March. 
Seventeen librarians and documentalists fiom the 
libraries of local agricultural institutions participated. 
IIMI's library and documentation staff presented a 
number of topics, including the development and 
use of electronic bibliographic databases and access 
to information through CD-ROMs. 

FINANCE AND ADMINISTRATION
 

In 	1993, the. Institute's income of US$9.3 million 
was applied to operating expenditures of $8.7 
million (see Figures 12 and 13). Thus, IIMI ended 
the year with a net operating income of $582,294 of 
which $363,434 was allocated for new capital 
purchases, and the balance of $218,860 was allo
cated to the operating fund. In 1993, IIMI em-
ployed $3.4 million in core unrestricted resources, 
$2.8 million in core restricted support, and $3.1 
million in complementary support. IMI's Linen-
cumbered cash assets at the end of 1993 were over 
.'2.3 million, 

At the close of 1993, IIMI had 41 internation-
ally recruited staff. Some 169 national professional 
and management staff were engaged in lMI's 
research, training, and information activities in 
headquarters and overseas units. IIMI's total staff 
numbered 378, more than half of them based 
outside Sri Lanka (see Figure 14 in Annex IV). 

The financia! tables that follow distinguish 
between IIM I's core programs and complementary 
programs. The definitions adopted for the Medium-
Term Plan are given in the appended table. Since 
the Medium-Term Plan period commences in 1994, 
a"transition definition" was adopted for 1992 and 
1993. Under this "transition definition" all ongoing 

At tile beginning of the year, tile computer 
services unit was brought under the Information 
Office. A plan for upgrading the PC-based applica
tions and hardware was developed and implemented 
by mid-year. In spite of ftinding restrictions, IIMI 
managed to invest in asubstantial replacement 
program which marked the beginning of decentral
ized networked computing which will continue 
throughout 1994. 

research activities carried out in India and Pakistan 
(whether country-specific or transnational) were 
considered part of IIMI's core prograi, rather than 
its complementary program. 

IIMI defines as core those activities deemed 
essential for meeting the Institute's mission of 
fostering the development, dissemination and 
adoption oflasting improvements in the perfor
mance of irrigated agriculture in developing 
countries. These activities are those which: 

a 	 Involve research or research-related activities. 

• 	 Address one or more of ILMI's five program 
areas. 

• 	 IIMI isbetter-qualified to undertake than 
others. 

* 	 Generate transnational rather than country
specific results. 

IIMI's complementary program covers activities 
of a similar type, but their results are country
specific rather than transnational in scope. 
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CORE UNRESTRICTED, CORE RESTRICTED & COMPLEMENTARY-1993. 

Donor 1993 Grant (US$) 

CORE UNRESTRICTED 

AUSTRALIA ...... 109,528 
CHINA ...... 10,000 
CIIDA ...... 254,264 
EEC ...... 338,100 
FORD FOUNDATION ...... 350,000
 
GERMANY 
 ...... 298,425 
INDIA ...... 25,000 
JAPAN ...... 329,908
 
NETHERLANDS 
 ...... 266,272
 
USAID 
 ...... 350,000
 
WORLD BANK 
 ...... 1,000,000 

SUBTOTAL (UNRIES-'RICTED) ... 3,331,497 

OTHER REVENUE 

BANK INTEREST ...... 65,802 
SUNDRY INCOME ...... 21,362 

SUBTOTAL (Or in Rr wE) ...... 87,164 

TOTAL CORE (UNRESTRICTr'D RESOURCES) ...... 3,418,661 

Donor Project 1993 Grant (US$) 

CORE RESTRICTED 

ADB Proposed Management Improvements to Undertake 
Crop-Based Irrigation Operations in NWFP, Pakistan 150,977 

AFDB Support for IIMI Research Programs in Africa 190,000 
CEMAGREF Mathematical Modcling/Flow Measurements for improving Canal Management 19,204 
DANIDA Gender Issues in Irrigation Managcaient 44,005 
Fow Collaborative Research in India 41,305 
FRim Irrigation Management for Litin America-Phase 1 92,953 
Foiu) Irrigation Management for Latin America-Phase II 50,848 
Fow) Support for Research on Farmer Contributions to Irrigation Costs 1,855 
FRANCEr. General Support 102,682 
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Donor Project 1993 Grant (US$) 

FRAN( - Model Applications at Kirindi Oya, Sri Lanka 18,532 
CIaIns.\v Enhancement of Rcscarch onl Irrigation and )rainage 'cchnology (Ilrl'RIl)) 175,239 
G~IMANY Privatization and Sel-Nltanagcnicnt of Irrigation 484,233 
IFPAI)/lBNM1Z Assistance to Farnicr-Managed Irrigation S'steins-Phase II 201,705 
JAiP\N I ..ilrnli.u c.Asscssnlcnt Programi 300,000) 
Ni IInIA.xN, (ollaboration with I IRI & II 11: 182,401 
NI IIIRI.X) ( etndcr Prograiml 21,093 
N I xi , WVJ CI\arerloging avid Salinity Projcct, Pakistan 416,380 
)I )A C lllaboration with Ih'dranlics Research 99,206 
1.tKI.AN Fordwah Sadiqia lProject 31352 
USAI!) Strengthcning National Capacity to Inprove the Perforniance of Irrigation 

Svstenls in I ,akistan-lPhase II 156,210 
SUB TOIAt Ri.sritictri.i) 2,780,180 
ToTAl. CtIIRF 6,198,841 

COMPLEMENTARY 

ADIB Monitoring & Evaluation of Participatorn Irrigation and Systems Managenient 284,832 
AI)B Proposed INanagelne.nt Ilprovcctenes to Undertake Crop-Based Irrigation 

)perations illN \VPI, Pakistan 1,955 
AI)B Sri Lanka Tcchnical Assistance-Phasc 11 235,402 
AI)I1 Study oi Plrivatiation of'NIinor Irrigation, Bangladcsh 75,927 
AI:I)B Irrigation Managcnient )evehpnent in Burkina Faso 209,588 
AFI)IB Irrigation NIanagenlen I)vev tlop'it illNiger 224,944 
EC National Irrigation Rciabilitation Project (NIRI') 365,909 
Ftil) Bangladesh ,Sttdy 3,566 
P'utiol Irrigation NIanag.nien lor I atin Anlcrica-I hase II 39,003 
I i)tit Support fi r all Irrigation Ianageni cnt I rogramn in Nigria-Phase I 55,891 
Flt Il Support Iiir an Irrigation Managcmeilt Prigra inlillNigcria-Phase II 222,6 14 

V.l iRl Supplcnietn tar ' Support for S dtiu 147,982 
hwilt Support fir BAlngladesh 143,676 
FtitI Suppirt:t fr Collabirative Activity itnNepal 169,248 
1l.) Natiilnal \Workshop oilNc tingccrilvtl ial ()rganizalions (N GC)s) 6,084 
JIR(AS Tank (ascade S'stclnls Study 8,173 
Ni I Iiii is Watcrlogging and Salinity Projcct, Pakistan 1,861 
SiRt IANKA Kirindi ( )v I rrigatio & Set.'nlen illt IProjqect 19839 
USAI) Strengthcning National (apiccity to linpr\we the Iierf'Orniance if Irrigation 

S .stetilsillIakista-- -Phase II 47i,00't) 
USAI D Shared Control of Natural Rcsources (SCX()R) 412,125 

Stlitr ir( ]iiMIi,%11MINIARtY 3,10.3,688 
TO IA.I2.1 02 

International Irrigation Management Institute 86 



CONSOLIDATED STATEMENT OF FINANCIAL POSITION
 
AS OF 31 DECEMBER 1993 (USDOLLARS)
 

ASSETS 


Current Assets 
(;ash and ( ash F',ltivalknts 

Accounts Receivable: 
I )onors 
I'11n1ph
yvco, 


( )[hers 
Inventories 

Prepaid lxpenses 

TOI"AI.CURRi.Nr A. .rs 


( .,h ( ollateral fir PlRl Ioan 
I)posit Against Finance [.ease 

Fixed Assets 
Propertv, llant and Equipment 
L.ess: A;cCnnItatC d l)epreciation 

"O r,\i Fwxit Asirs - N.r 

Toi)rl A.SlIS 

LIABILITIES AND NET ASSETS 

Current Liabilities 
Accounts Iavab!.: 

I )nnnrs 
()tcrs 

Accruals and Provisions 

T(O,AI CUttRINI ru-1sLIA11l1 


'rovisin, lr liabilities & (Carges 

1ong-Ylertn Liabilities 
Prograti Related InvestMent I.an 
Finance I.casc - ---Pakistan 

"l, LtAmi tr1Ins 

Net Assets 
( apital Inv :d inFixed Assets: 

Inter nnnCd 
In ( ust 'dh 

(apital Fund 

1)permting hind 

lAt Nr:i Assitis 

"MAI[iLIa1,11 j1is & Nrr Assiwis 

Current Year Prior Year 
31/12/1993 31/12/1992 

2,392.i2- 2,021.718 

905,0)(4 1.086,8,i I 
-40.,j8 50,229 

310.9)10 19930() 
5 1,i " 68,41 ' 

6i6,23() 392,2

4,352,876 3,825,132 

365.218 	 308,89
3,270 3,270 

4,402,069 4,127,771 
2,400,168 2,056,059 

2,001,901 2,071,712 

6,723,265 6,209,011 

2,024,217 1,766,628 
664,20i 900,503 

51,020 32,789 

2,739,442 2,699,920 

381.646 27,71 9 

729,481 871,056 
7,892 20,078 

3,858,461 3,888,773 

1,027,918 1,017,554 
116,662 48,857 
")16318 668,782 
803,905 585,0459 

2,864,803 2,320,238 

6,723,264 6,209,011 
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Figure 12. Income, 1984-93 (million US$). 
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Figure 13. Net Operating Expenditure, 1993. 
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ANNEX I
 
RESTRICTED PROJECTS 1993
 

Project Donor Pledged 
Amount* 

Duraion Cumulative 
Expenditure to 

31/12/1992 
IUS$) 

Expendl. 
ture 
1993 
(US$) 

CORE RESTRICTED 

l'AKlIAN 

Ioidenti , .lld assistin the implementation 
Id pruposcd managemenI imprtvemenlts t0 tidertake 

Lrtq-bASCd i rigation operatims in North-\Vest 
Irontier Province of Pakistan. 

Asian 
1evelopnlcnt 

Bank 

858,045 36 months 575,490 150,977 

St11)4II Fol Ai: I,(l.Plt(l, 

Assist illfinancing the expenditurc relating to the 
inplcmlelation ot a prograw, in Aftrica. 

African 

I)evelopnmeo t 
Bank 

UA 
138,158 

12 nontls - 190,000 

MIA II LMA RtIAt NI 0 ;/ltt.,,"i M't st U rs 

I Il IMPROVING (ANAI MANAGIM[N'I 

To develop and held S-teta marhetloatical flow 
sinul.ltion model to study the Iydraulic behavior 
of irrigation ca.ns aNd.11s1O serve as adecision-
SUlpprt tool tIsrinanaging manullv operated 
irrigation s\'5leNis. 

C:-MA(;RI-F French 
Francs 

135,000 

I I months 4,169 19,204 

(I NDIIlIsstIs IN Iltl.A lION MANA.M[NI 

lo increase the knowledge and understanding of 
gender issucs in irrigaion, especially the role of 
W01r101 ill irigated agricuhltrca swell as its impact 
oIlt 5, lllll's li\.. 

I)ANIDA 49,985 12 months 4,329 44,005 

INIAn 

To explore & initialecollalormvc proiccts between 
I1,N1l& Ildian institttinlls through rcscarch, 
prlfessional devclotllnt, and inlfimi'n exchange. 
This work iNdc,ignid to strengthen the .apacit of 
Il1didll institutions 10 •ontribltic ii.irds the 

ilipro 'menl of irrigationl .\-Stcms. 

Ford Foundaaon 
India 

200,000 67 months 158,691 41,309 

IIl( .A- ION MAN.(,\II [N I I1 -A I.'N AMUI UA- IAN\ 

Supp r1to dcsigtt and initiateirrigation programs 
il I it America. 

I Ford Foundation 

New York 
300,000 24 montIs 207,047 92,953 

htlA1(;,)N NIAN..ANLtN I 1i1 IA.jIN AMI\U11 A-PI.ASI. I 
upport to illiti.culaboraltiVe rcs. t.1daction to 

improve irrigation s,,,titsilNlexio and tiipl.similar 
progr.ams throughout I iAtn A\mcri.a. 

Ford Foundation 
New York 

250,000 36 months - 50,848 

St ti'iw( Io)tRi.si..l II(N FAlsti U( NI ill(Il INS 
[I I lllIlI,\IIoN Co(s IN 

II l. ll1sult.u.cxpcnscs-- granl to K.isctsart 
University. Ia.uM hy,WIuiFt.icSn1111dIltsilICss 

,\dohitm strll . 

Ford Foundation 
',Thailaild 

3,925 12 tmonths 2,070 1,855 

Annex I 59 



ANNEX I (CoNTINuED) 

Project Donor Pledged Duration Cumulative Expendi. 
Amount* Expenditure to ture 

31/12/1992 1993 
(US$) (US$) 

(GI-NI.Il STRI)ircich F'rance 12 itiilnuhs - ]()2,(82 
lT,,ptor the. ,Ff.igtiiiciit of',inzidih.cf lrancs 
Witr )¢clcrv .ind I )ipS.iI' aiKirindi ( )vi. 592,000 

Nl(iii I AI'I'i A I (iN , %IKIIIII (% France 142,0011 36 iiminhs I23,468 I8,532 
To Nuippou rt I I 41rt1ii llI niii .n111ii VSIC Ii 
lii,i1i,1llni.'itillitll he.1i111tk.ili1lto l,.iililatical] 

floW 'iiolIII,IiIllI LI tl l lV,IIIiLlot.onlliitmr,. 

F+NIIAN( IMINI (11RI.lAI 
1)11.lNA.\, "1 l I 1 . 

ItiN IIilw,.ION 
(I R11R)) 

Ni (crliany I)NI 
g00,01) 

36 minths 315.538 175,239 

ToIllpirovhd , ,intl-,itflior tiar L llb.triit .S,in ti r 

i itri.CS,,in cd )rtri,ti inihn ,ui C Nii. I idt.'ntifiingt 

prioritic,illR&t I )in 
tI.'CLItIII010g:Ntuppoqrt 

tedint irrigation & drainage
the+ttlliitilatillin,i RI l) Ipolitcs'& 

tpriorain in h ll line.x~the%% ilc totl iplaim,:tLi+ilititctralinhing 

&'x hXLii.Lt (IfilltfiMil1ili01l. 

IVIIil\ il/.l(A \%D Siil-,% NINN l 0(II Ii.\Ii N (ir,rllnfNI 36 ionthds 64,101 484,23.3 
1 1) ,ipl ri .. Siid i,) il) tilNlR st.irciI And 1,701,901) 
ticlvvipint-in p1inraihit t1 ini vcr in 

' 
tCltc t-d cnniit riCs 

whlllieturnmlvwr k'UIIIdC.+i\\%111th%ivimx to d<.cloll 

d-CiShiI++,tiplj1fr ptl, kagt.,tltr( olitliMliCIllIS111.l1 aret 
sLsi 'rht-ini tr isnil uit-rii, isii .si tul .Ficli t 

Ctckll,lihfliit flrniltkitc ,lllil ,+viiilitii.seng ,laged 

i ic iiri i r ct. . 

Awl.AN1t I 1 IlilI i-NI \N .(1,lIIiiiiuXI IiN ,%I IIFAI US$ 10,000) 36 nitinths 542,809 201,-05 
--)i\sl II 

FoirLollihiiiilIC+Ct.liIII)h Jllll1t-lli1.lliled'tirrig.,llhll 
( iC'rn1Aln I)M970)) 

5 ,SitiCi,svilli til ,iiIIMit itrlilliliti i .1id \,ihiilllilg W.IV, 

hiYV.10, hlliciltl ili if.t[ ii ,ltl i ,+,l'll,,1111%Y ++.I.111bet 

siiintd aid iiipr ,td. 

iiIili i'i I A,si.Ss\ii i 1Pin ii .Jpane 12 months - 01100 
Sliptju r t i ptrtuuiliiit' i CNtiitiIl lll-grlll 3 1,7()7,()()() 
%k riitil.%it( i1i iC il 1. ii%illiiti ii ICr IIV .Lttp CtI 

((llImIO1 INIO\\\ lii IIRI I n 1% N'itherlainds 182,4)1 12 nitotlhs - 182,i) i 
Siiportil tih llt nih liin.1lIt . iilt iIIICI( po i whitI 
.61l11Stold '.Vl4hI11" %,,Ilith[ll<lC~iCIAI .1<+lC.>lttI+Ili+.' ll 

Iaiiic-'iirk,,IIIkthIIl.IIIiC ,iii itli tli ,iilCit du lit

iiSthli)r iNt.CSiIIg iiul ilioi giillt thltIt,1i1iiu,iiic1tc (11 

iriigt-tI , ic i iirt-. 

International Irrigation Management Instlt,e 90 



ANNEX I (CONTINUED) 

Project 

(i N niA ISSI,tN',IN IIII(AI IN NI,\N,N( IIr 
ho i1 r'.l. k)'titdg, ,and udmicrtianding .311tnt 

th,.' ct']-iionshilp lhtt\\cc,'i gt'n h.r r-1.lii l',+ IIo 

the.C 1,C.r1 iti1 ll1,11LC0ll irlig tioin %.,Y'tclni%. 

Donor 

N 'threflii s 

Pledged 
Amount* 

DI][.. 

.,00,601) 

Duration 

2-i n io, is 

Cumulative 
Expenditure to 

31/12/1992 
(US$) 

--

Expendi. 
tre 
1993 

(US$) 

2!1,0).1 

\W %I I RIl (.(,IN, \NIl) S I NI I 
Styp~l irt t, ,\l a'lkkli,an t h 

o,',th 11.4thiuiil .I.'LI i.', -t i,rLr 

li II (1 , I)AKI ,IAN 
i It ..HIII, i ll 1.,bl-Alith 

1101.11llliLI rtscarci 

l 
NCthcrInds l)l[. 

.4,0(0',500 
0(0 lm hlls 1,688,580 i 16,38 

(:4)l .\IAlio lI I Jil I h DRiil'A 

1) illlgc ,liid irlitlill I ,llglnc 

I ;c'tt1. 

I 

i 

intII 

incllIr 

I 

ltnlcilt 

( )IOverseas 

I)cvl inclpnt 
Adnministrtiin 
!,nitcdKihiml 

Staling 

Pounds 

l 7i,(00() 

16 months 157,441 99,206 

]:I)lli\\.\ll I.,I I RN SA..IQIA (l 1)11 ) ]lIRII,. IIiN ANI) 

I )I% SIN,I.1 I n 01111 
F lic N tuhi' lthI. crvjt c' 1 15l~ii k i~tinii wcrc 

icilitl t lti r \\1\)lV l).'\ 10 tiiL].b,iilC ill tihe ()pro44ctd 

rk- .'irtllAlld 1i1liliLitilin , ilt II Ii, h il' l th ' 

Icllnh rsicrN 'ldiKc i ('<hnifL.1i ( ill 

Mitd ft r IL' I)ICpII1011 (1ill.111hiIltClI.lIcI, RcL ,iil iil 

Woil Bank .1,352 6 m nhis 31,352 

1llii,\SI I~tN 

h)ll iiIIJ)I(%tc 

1M t'Il\Iill( .,5,1Ni 

[hC L.1ip.i01\ l d r.1]rcc V,1it 

I 

jtW tta 

USAI) 
n 

895,759 22 months 739,549 156,210 

l SI Ii I I\1 -()It l 2,780,180 

COMPLEMENTARY 

,I iN 1ll)1i1lN, NI AI SlitIN (ii 4AH I I(lI'SlI( 

I Itll(, \ III N \NI S N,'! 5i1m, .\N(,ISI1 NI 11):c.h' 

l'(i , lkilt it1 .t. ()I Sri I.lilk.i , Itllil' irriat1liln .agcilcics 

Asiain 

Blnk 
piln t 

595,00(0 24 imilths 104.379 284,832 

pl,lrli ii ll) •I ii,i li, ,+, l.,i l iiSiN(, iO~ll C W I 
IhI r lil h lll I )Cllit'hll Ii,t, illctli llldCt, uitl ' 

1i~ L ' , 
.i t iM (4ll lt ih 

Jilllllt~]ltl(I.ll bhtill" 111110il -11MItltt ill SC'lC'ItL-1l %t tliCIII(

| 

I*i 

I N\ls 

ciiii v hiltl I t'll ll lil lil, I, ti rl ik, - [illll lt l 

A.iali 

IBai nk 

1,955 36 nIntihl 1,955 

illil tioil L -I.Il i0Ii, ill N mih-\Vc,, rmitici Prwi c 
• 

of' 
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ANNEX I (CONTINUED) 

Project Donor Pledged 
Amount* 

Duration Cumulative 
Expenditure to 

31/12/1992 
(US$) 

Expendi
tre 
1993 

(US$) 
StILANK, TA-PItAsi: II 
To stre.gthen the long-term viability of irrigation systems 
and to optimize use of existing land, water and infrastrucitire 

Asian 
Developnent 
Bank 

750,000 27 months 486,849 235,402 

resources through implementing, refining and evaluating 
inanagemcnit recolnienlldatiOnS developed under Phase I 
for system Illallagemelnt, operatiOll and Illaintenoalce; 
system rehabilitation .1dnd ilnprovenien t; and strengthening 
irrigation agencies and firner organizations, with particular 
attention to the rcquirelnens lir crop diversification. 

Stuns' ON PRIVAlT/\Aill N ON MINOR IRRu;ATION: 
BANGIADESi 

To assist the (overnnient in reviewing the current 
status and irnpact of, and options and alternatives for, 
nilnor irrigation privatization, at the district and 

Asian 

Development 
Bank 

548,000 24 months - 75,927 

pump colinmand area levels. 

BURKINA FAso 
Program to strengthen the capacity of national 
institutions to iinprove and sustain the performance 
of small-scale reseroir-based village irrigation schemes 
through collaborative research. 

African 

Development 
Bank 

877,117 48 months 306,435 209,588 

NI(at 
Evaluation ofpierornince of'Farmer-Managcd Irrigation 
S'stens on the Niger River Valley. 

African 
Development 
Bank 

"/70,342 48 months 350,253 224,944 

NAtIONAL IitRtGA'ION RLtItIlITAltON PROJI:r7 (NIRP) 
To assist the Irrigation )epartment of Sri Lanka to 
identi6' research needs, support research programs 
which yield results of innediate interest to the irrigated 
agriculture sector and to assist the Irrigation l)epartment 

Commission of 
Ilie Euiropean 
Communities 

ECU 
843,840+ 

SL Rupees 
21,684,800 

48 months 193,156 365,909 

of Sri Litnka to establish an Irrigation Research 
Management Unit (l RM U). 

BAN;ImD.Smi STUn' ToUR Ford Foundation 3,566 12 months  3,566 
Study tour for two engineers from the Bangladesh Bangladesh 
Water I)evelopielnt Board (BIVB). 

ION MANAGEiENTIRRIGAT FO. LTIN AsMrtuc\-Pta ISII Ford Foundation 500,000 36 months - 39,003 
Support for initiating collaborative action and research to New York 
improve irrigation systems in NIcxico and to plan similar 
prograns throughOlt latini Alerica. 

NI(;tI'.A-PiIASI- 1 Ford Foundation 42.5,000 24 months 369,109 55,891 
Assist in developing a viable joint firiner-tnanagelnent New York 
model in the Kano River Proiject of the Hadej ia-Jania'ara 
River Basin )evelopment Authority (RBI)A) 

NIt.RIA-P txS- II Ford Foundation 325,000 24 nmonths - 222,614 
Support lor an irrigation management program in Nigeria. New York 
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ANNEX I (CONTINUED) 

Project Donor Pledged 
Amount* 

DuraUon Cumulative 
Expenditure to 

Expendl
tre 

31/12/1992
(US$) 

1993 
(Us$) 

SUDAN Ford Foundation 450,000 36 months 71,802 147,982 
Supplementary support for an irrigation management New York 
program in Sudan. 

BANGIA)FSl1 Ford Foundation 394,000 36 months 160,202 143,676 
lartial support fi)r an Il/1Il resident scientist to work Bangladesh 
On irrigatio nmanagement in Bangladesh. 

StI'I'OTi ltOit Coi.timottnvi'v Acnlvn INNi.'iw. Ford Foundation 405,000 36 months 235,752 169,248 
Support for IIMI to assist the Nepal Government New York 
in developing participator , programs for 
irrigation development. 

N ,AIIONA.WoRKSl lop ON NONGoVt'RNNIINTAI. International 6,084 12 months 6,084 
ORGA\NIZATIONS (NGOs) Labour 

Workshop on the role of nongovernnental organizations Organization 
in irrigation development and management. Nepal 

JAPAN INTFRNATIONAI. Rsi..iltt i CIruI FOR Japan 8,173 12 months - 8,173 
A1;RICtuUiRAI. S(:IINCE-. JUIRCAS) 

Studies on improvement of irrigation management in 
minor tank cascade systems in the dry zone of Sri Lanka. 

WATIEROGGINt, AND SAxLNITrY PROJEM., PAKSTAXN Netherlands DFL. 60 months - 1,861 
Support to IINIi Pakistan to implement, in collabora- 3,500 
tion with national agencies, aprogram ofapplied 
research on waterlogging and salinitly 

KIRINtI OVA IRRIT;,TION AND SE ITHIIENT PROJECr Sri Lanka Rs.3,917,500 2 months 19,839 
IMt'Acr AssisSs-mrNT STUDY (KOISP) US$32,499 

Study on crop and livestock management practices and 
the associated production marketing problems including 
the farm budgets and yields, firestry in KOISP, sanitation, 
water supply, nutrition and health aspects of the settlers/ 
settlement assessment of water quality, status of 
irrigation structures, and other irrigation-related subjects. 

IRR(;ATION SYS--MS MANA;EMIsNT PRojiEcr USAID 740,996 22 months 265,927 475,069 
To improve the capacity and rclev;,nc7 ofwater Pakistan 
management research in Pakistan. 

Sl IAtoD CONnIOl. oi: NAluhon. RL.sott(:-s (SCOR) USAID 2,533,000 29 months - 412,125 
To assist Sri Lanka to sustain the productivity of lano 
and water resources within selected watersheds through 
shared control by local user groups and the government 
involving formal agreements and joint management. 

SUTIjOTAI.-COMIHI.I-MNTI¥Y 3,103,688 

ToTAI-COR ANt) COM I'1 -NIrNTARY 5,883,868 
in iS mr, )hiv c *r,,cd, 9,3lla, 
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ANNEX II
 
PUBLICATIONS 1993
 

GENERAL PUBLICATIONS 

International Irrigation ManageCment Institute. Publications Catalog. Colombo, Sri Lania: The Institute. 44 p. (August). 
ISSN: 1018-4899 

International Irrigation Managemcnt Institute. Irrigation /lManagement Information Network (IMIN) Kesword 'lhesaurus. 
Colombo, Sri Lanka: The Institute. 56 p. (February). 

SERIALS 

International Irrigation Managenmcnt Institute. A selected bibliography on irrigation management (Documents entcred in the 
Irrigation Management Inlormation Nervtork database july-Deccmbcr 1991). Vol.5. No.2. Colombo, Sri lanka: The Institute. 
128 p. (Fcbruary). ISSN: 1015-1680 

Interniational Irrigation Nlanagement Institute. A selected bibliography on irrigation manageenict (Docunicnts entered in the 
Irrigation Managcnent Information Network database in 1992). Vol.6. Colombo, Sri Lanka: The Institute. 232p. (November). 
ISSN: 1015-1680 

PERIODICALS 

International Irrigation Manag,.ment Institute. Annual Report 1992. Colombo, Sri Lanka: The Institute. I l4p.(October). 
ISSN: 1017-5954 

International Irrigawion Nt aigcnent Institute. IIMI Rcview. Vol.6.No.2 (Edici6n En Espafiol). Colombo, Sri Lanka: The 
Institute. 24 p. (November). ISSN: 1021-830 

International Irrigation N anagemcnt Institute. IIMI Rcvicw. Vol.7.No. I. Colombo, Sri Lanka: The Institute. 24 1).(August). 
ISSN:1012-831X 

International Irrigation Nnagement Institute. IINII Review. Vol.7.No. I. (Edici6n En Espafiol). Colombo, Sri Lanka: The 
Institute. 24 1. (November). ISSN: 1021-830 

NEWSLETTERS 

International Irrigation I' lanagemcnt Institute. FMIS. No. 1I. Boletin de Ia Red de Sistcmas de Ricgo Administrados por los 
Agricultures. Publicado por el International Irrigation Management Institute. (Edici6n En Fspafiol). 2 8 tp.(October). 
ISSN:1021-0849 

International Irrigation Managcment Institute. FMIS. No. 12. Newsletter of the I-armcr-Managed Irrigation Systems Network. 
No. 12. Colombo, Sri Lanka: The Institute. 32p. (October). ISSN: 101 2-988X 

Institut International dt Managcmcnt dc ]'Irrigation. Bulletin dt R&au Irrigation Afriqutic dc I'Otcst. (Newsletter of the West 
Africa Irrigation Netvork). No. 3. Burkina Faso/Niger, West Africa. (April). 4 01p. ISSN 1017-11 OX 

Institnt Intcrnational do Nlanagcmen t tIe Icrrigation. Nanuanegdzang;i-Irrigat ion ct cn vi roi nenen t. (National language newslet
ter on irrigation and the cnvi ronient). No. I. (ltIagad{i igont Burkilna Paso. (lPcbruary). 12p. 

Institot Intcrnational d ialnagement dc 'Irrigaiion. Nama ncgdzang;i-Irrigation ct cnvironnenmcnt. (National language newslet
ter on irrigation and the c,'ironlment). No. 2. Ouagadougou, Burkina Paso. (No vembher). 16p. 

RESEARCH PAPERS 
International Irrigation Managcment Institute. Advanicenents in IINll's research 1992. A selection of papers presented at the 
lInternal Program Review. Colomtho, Sri ILaka: The Institute. 32 1p. (Octobcr). ISBN 92-9090-199-3 
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ANNEX II (CONTINUED) 

Murray-Rust, 1). and Bart W. Snelkn. Irrigation system pcrformance assessment and diagnosis. Colombo, Sri Lanka: Intcrnational 
Irrigation Management Ilnstitute, International Institute for I.and Reclamation and Ihprovement, International Institute for 

16 8 Hydraulic and Environmental Engineering. p. (July). ISBN: 92-9090-192-6 

Rao, P.S. Re'view of'sclected literature on indicators of irrigation pcrformancc. Colombo, Sri Lanka: International Irrigation 
Management Institute. 90 p. (October). ISBN 92-9090-198-5 

COUNTilY PAPERS 

Pakistan 
Bandaragoda, I).J. and M. Badruddin. Moving towards demand-based operations in modernized irrigation systems in Pakistan. 
Colombo, Sri Lanka: International Irrigation Management Institute. 56 p. (IIMI Country Paper-Pakistan-No.5). (February). 
ISBN 92-9090-161-6 

Bandaragoda, D.J. The role of'research-supported irrigation polic in sust,,inable irrigated agriculture: An interpretive precis of the 
case of Pakistan. Colombo, Sri Ltnka: International Irigation Management Institute. 8 2 p. (IIM I Country Paper-Pakistan
No.6). (October). ISBN 92-9090-163-2 

Philippines 

(;onzlcs, ILeonardo S. ianagement turnover ofa pump irrigation system in the Philippines: The farmers' way. Colonbo, Sri 
Latka: International Irrigation Management Institute. 104p. (IIMI Country Paper-The Philippins-No.2). (March). 
ISBN 92-9090-170-5 

Sri Lanka
 

Abcysekera, W.A.T. Rehabilitation of irrigation systems in Sri Lanka: A literature review. Colombo, Sri Lanka: International 
Irrigation M;lanagetntent Institute. (IIM I Count , Paper-Sri Ianka-No. I1). 1I16 p. (April). ISBN: 92-9090-1 56-X 

Nijinan, C. irrigation decision-making processes and conditions: A case study of the Kirindi Oya Irrigation and Settlement Project. 
(olombo, Sri LInka: International Irrigation Maniagement Institute. (IMI Country Paper-Sri Lanka-No. 9). 3 4 8 p. (May'). 
ISBN 92-9090-1 ,0-3 

Sakthivadivel, R. am: Douglas J. Merre'v. How measurements at drop structures fir irrigation systems management in Sri Lanka: 
Colombo, Sri Lanka: International Irrigation Management Institute. ([IMI Country Paper-Sri Lanka-No. 10). 6 8p. (March). 
ISBN 92-9090-155-1 

WORKING PAPERS 
Itakura, Jun and Charles I.. Abernethy. Water management in a tank cascade irrigation system in Sri Lanka. First seasonal report of 
TAR(C-IIMI joint Project 1991/1992 tiaha season. Colombo, Sri Lanka: International Irrigation Management Institute. 58p. 

(Working Paper No. 24). (November). ISBN 92-9090-300-7 

Nalik, M. Saleem and Pierre Strosser. Management of'private turbewells ia a cotnjitctive use environment: A case stud' in the 
Manawala Distribunory Cotn nmand Area, Piunjab, Pakistan. Colombo. Sri Lanka: Ihternatintal Irrigation Managecntit Institute. 
4 8 p. (INII Working I'apcr-Pakistmn-No.27). (I)ecciber). ISBN 92-9090-164-0 

Nuralidaran, V. atId K.V.S.M. Krishna. The dynainics of irrigation systemipertirmancce. A comparative study of two secondary 
canal reaches in Mahti-kadana, (ujarat. Colomnbo, Sri I trl:-un.ateational Irrigation Management Institute. 80p. (Working Paper 
No. 25). (Il)ccciber). ISBN 92-9090-301 -5 

Rev, .I.; NI. Henlakt nara; S. Mohanrajah atnd M.H. Jtnaid. Introduction of lonitorintg activities at the main-canal level. A study 
of tie Kirindi ()ya Right Bank Mlain (anal-Maha 1991/1992. Colombo, Sri Lanka: The International Irrigation anagetnent 
Institute. 7 6 p. (Working Paper No. 23). (February). ISBN 92-9090-190-X 
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Strosser, Pierre; M. Rana ;\ltq and Carlos Garces. Changes in water duties and their impact on agrictiltuira production. The case of 
Girsal Minor. Colombo, Sri L-anka: International Irrigation Management Institute. 4 2 p. (IIMI Working Paper-Pakistan
No.26). (December). ISBN 92-9090-165-9 

SHORT REPORTS 
Badruddin, M. An overview of irrigation in Pakistan. Pakistan. The Institute. 28p. (March). 

Johnson 111,Sam H. and Peter Reiss. Short report series on irrigation management transfer number 1.Can farmers aflrd to use the 
wells alter turnover? A study of punp irrigation turnover in Indonesia. Colombo, Sri Lanka: International Irrigation Management 
Institute. 2 4 p. (April). 

PROJECT REPOflTS 
Institut International du Management de llrrigation. Projet Management de 'lrrigation au Burkina Faso: Bilan et synthi6se des
 
travaux 1991-1993 (Mid-term synthesis report 1991-1993, of the Burkina Faso irrigatiun managemcnt project), IIMI,
 
Ouagadougou, Burkina Faso. 300 p. (july)
 

Institut International du Management de l'Irrigation. Projet Management de Irrigation au Burkina Faso: Rapport d'activits annie 
2:1992/93 (Activity report, year 2: 1992/93). IMI, Ouagadougou, Burkina Faso. 43p. (uly). 

CONSULTANCY REPORTS 
Bertranou, Armando and [rnst Schulze. Guidelines for an IIMI program in latin America. Colombo, Sri Lanka: International
 
Irrigation Management Institute. 86p. (May).
 

Bertranou, Armando and Frnst Schulze. Guia para un programa del IIMI en America Luina. Colombo, Sri Lanka: Instituto
 
Internacional de La Manejo de La Irrigacion. 9 2 p. (October).
 

Schulze, Ernst. IIMI strategy review for SUb-Saharan Africa. Ouagadougou/1)oorwerth: International Irrigation Management
 
Institute. 82 p. 'October).
 

MANUALS PREPARED BY IIMI AND NATIONAL IRRIGATION ADMINISTRATION (NIA), PHILIPPINES 

Farmer Irrigators' Organization Program (FIOP) 

Basic Leadership l)evelopment Course 

Financial System Management 

Financial Management System-Volume I 

Financial Management System-Volume II 

Designing and Managing Training Programs 

Irrigation System Management 

Provincial Irrigation Office-Irrigators' Association (P1O-IA) Interface on the Operation and Maintenance ofCommunal Irrigation 
Systems 

Irrigation System Office-Irrigators' Association (ISO-IA) Interface on the Operation and Maintenance of National Irrigation 
Systems 

PROCEEDINGS OF IIMI'S WORKSHOPS AND CONFERENCES 
Legoupil, J.C.; Hilny Sally and A. Pouya. (Eds). Quel environnenlent pour le d~veloppenent de l'irrigation au Burkina Faso? 
proceedings ofa national seminar- workshop. Ouagadougou, Burkina Faso, 1-3 February 1993. Ouagadougou, Burkina Faso: 
International Irrigation Management Institute. 2231). (May). ISBN: 92-9090-197-7 
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Manor, Shaul and Jorge ChamlMulcyron. (Eds). Pertormancc neasuremnent in farmer-managcd irrigation systems. Procccdings of 
an International Workshop of the Farmler-Managed Irrigation Systcns Network. M'endoza, Argcntina, 12-15 November 1991. 
Colombo, Sri Lanka: International lrrigation Management Institute. 30 0 p. (November). ISIBN: 92-9090-19193-3 

Nilanda, Scnien M.and AIMa& R.Maglifnan. (Fds.). Management ;.rrangements tor accomnmodating ioirice ciops in rice-based 
irrigation systems. lroceedings ofthe' FirstProgress Review and Colordination Worksln p of the Researcl Network on Irrigation

Management for Crop Divrsilication in RicC-Based Systems (IM( )). QucI'n it',tie Philippines, 10-I14 )eccrnmhr 1990.
 
Colmtlibo, Sri Lanka: International Irrigation Nlailagit hstnllCl1itntc. 212 p. (Febmatvy). ISBN: 92-9090-162-4
 

Nlirandai, Senei N. and Aniado R. Maglinao. (Eds). Irrigation ianageiin fir rice-based armi tig s)'sticnis in Bangladesh,
 
Ind i ncsia and the Ph iipplintesllrProceedings of theI Tri-(ounir Workshop oinIrrigatiom Nianagenlint for Ricc-Based Farming

S,ste.s. (olomniho, Sri L.ainka, (Ctolom
I2-4 November 1990.Cnnbo, Sri lanka: Iiternatinal Irrigation ianagement Institnlt,.

3 7 0p. (October). ISBN: 92-9190-157-8
 

Miranda, S.and A.lR. Mailinao. fWds). Promiot ing crop diversification in ricc-bascd irrigation systems. Proceedings of the Seu'ond 
Progress Rcvicw and oordination \Vorkshop ofthc Research Network oilIrrigation Mianagement f'or Crop [)iversification i,
 
Rice- Bascd Sy'stcills
(INlCl)). Yogyakarta, ILdnnesia, 9-12 Septenber 1991. (Colonbo,Sri L.anka: International Irrigation
 
ManagetilenI histitute. 17 6 p. (Nover hber). ISBN: 92-9090-4
 

Nwa, F. and P. IPradhan. (ld'). Irrigation research priorities tor Nigeria. PI roceed ings ola National Seminar. ]lorin, Nigeria, .0-23 
April 1993. Internatiinal Irrigation Managecent Intituitc. 10 4p.(Nay).ISBN: 978-2066-06-0) 

Pant, S.R.; A. Valera; U. Pradhan and S. Basnct flds). Proceedings of tlieNational \V rkshop on Participator.%, NIanagernlient in 
Agenc-'-Managed Irrigation Systeis inNepal. Kathinandi, Nepal, 29-30 April 1992. )partmien t olfIrrigation and International 
Irrigation ManagclCt Institute Nepal Field )perations. 441p. ISBN: 92-9090-180-2N (Ncpali language version) 

PUBLICATIONS BY IIMI STAFF INOUTSIDE JOURNALS, CONFERENCE PROCEEDINGS, ETC. 

Bandaragiida, D.J. instittiinal franework for irrigation: Salient t.atutres oi'the Snuch Asian situatitn, C(hiang Mai, T1hailand. 
Paper presecnted at the I)SE/II Workshtop on Institutional Framework for Irrigati.n, (hiaolg Nai, Thaiiacnd, 1-6 November
 
1993.
 

Itakula, J.;Ytyama,Y. et al. Study on improvement of interconnected tank irrigation systemu in dry zone o'Sri Lanka: Outl ine of
 
study. Paper presented at tile
Annual Convention lf the Japanese Society o Irrigation, I)rainage and Reclamation Fcigincering,
 
Tokyo,lapai, 22 July 1993.
 

Itakura, J.and Y. Yuvacia. Study oi water mai.gciagil t of iiterconlnected tailk irrigation s'stemili i dry zoilc Japaneseof'Sri ILankai. 
Journal ofTrllpicall Agriculture, Vol. 37 Extra Issue I, pp 23-24. (illlapatiese language). 

Ki tic, Jacob W. Environmnental I' Soucd water manaiagemelnti t: Irrigation and tilecnvironncit. Paper presecnted at tileinternatioial 
S 'ilposiiin ion Envirotiiiital Assessnt cand Manageclent oIf i rrigation and I)raiiage Projects tor Sustaiined Agricultural 
(Growtlh. I.hitre, Pakistan, 24-28 October 1993. 

hodology fhit 
water supply. Irrigation and l)rainage Sys eis 7, 43-67, 1993, 

Nlerrey, I).J.; R. SakthiVad ivel and N. Fernando. A filet assessing irrigation system perhlrfoianc: Cuniulative relative 

NIcrre'y, I).J.; I).H. NIurray-Rust and IEJ. Vandcr Velde. Ipa,.ts olflining, iainteiance and operations on water dclivcr% 
1crfriiianicc inPakistan. Paper presented at Asiani Regional S 'nilpositiil oilMaintenanct and Operati of'Irrigation/Draiinage
Sclicnies tlIr limproved lPer irmancc, Iciiing, (hina, 24-27 NIay 1993. 

Merrey, l).J.; M.G.Bos; I).H. Miurray-Rust, H.Gl.Johisoi ald W.B. Snelleci. Mecthodologies for assessing tileperiinailce of' 
irrigatioi acid drainage nmanagemelnt. Paper presenited at tihe \Workshlop of the Working (roup oilIrrigation and )rainage 
Plerformlaice, at (he I5th licrnlational Cingress oilIrrigation aid )rainage (I 1)), The Hague, The Netherlands, 30 August-I 
September 1993. 
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NIerrey, l).J. Institumtionalcontexts for managing irrigated agricuihtire. K'yn ite paper presented at I)SFlI-II Workshol oti
 
Institutional Franmw-ork fior Irrigatio, ("h iang Niai,"'1ha1i,1d, 1-6 Noivether 1993.
 

Nlerrev, I).J. Irrigation rehabilitation and nodcrni, ition a%so)cio-tchi,,l institutional strengthening lrograms. Paper presented at 
I)SE-IhI I \Vorks,lp (i N.\lagcntett of Reihlilitatinm and Nlidcrniation o lIrrigatioi Sysitis, Nianila, IPhilippines, S-9 JiulY 
1993. 

lradhan. U.and ( .hapa. Recent irrigation policies and environnicntal sustainabilitv inl Nepal. laper pi-..ntcd at the Fotirth 
Annual (Common Prolpcrty (ttiif'rnce, lanila. the l'hilippines, 10-- 19 ItIne 1993. 

Pradhan, Lt.larmcr-to -"irmcr training as a wa' o' assistalice It)the farmers on the iprtventit of'irrigation sy'sttis. Paper

presented at the vorkshop entitled "From FIarmers' lield 1t l)ata 
 ilddS-attd Back: ASynthesis of 'articipatorn Approaches to
 
Resource Info1rmation SYstcnu", Raniptir. Nepal. 21-26 Nlarch 1993.
 

lPradha., LT.Farmers' watcr rights and their relation to data collection and managetlimet. Paper presetited at the workshol entitlcd 
"Front larnimr Field to I)ata ic-ds-and Back: A S nthcsis of IPart icipaitr •Appi achs t Reso re tntirmatin Systcnis", 
Rampt r, Nepal, 21-2 .\larch 199). 

Re'V, JactILCS and I illtiV Sally. Analytical fraiework for transferring cimputerized dccisiin-stppiirt took to irrigatin ianagers.
 
Paper presented at the international cotnl'rmncc on
olnvironnientallY Sound Water ReSOurccs Utilizatiot, Bangkok, Thailand, 8-I 1 
November 1993. 

Rv, j.acques.: I(). \alatcrc; Mid J.lP. Baitme. tUse o'fasitntolatioti tinideL to improve the manual opertition pricedures ofani 
irriga tiin canal. Paper presented at the Asian Regional Sympositinofl Nlaintnance and ()perat ion ti'lrrigatiin/I)rainage Schemes 
6 r Ilmprved IPrtmance, Beijing, (Cina,24-26 NIav 1993. 

Rev, Jacues. ( 'Aliptiter tiok fo r in-scasomal water distrihotiln managetnent: An exatnple uftprototype developmtent in Sri I inka.
 
Paper presented at the FA() Expert Consultat ion otl Irrigation Water )livery NIdes, olme, Italy., -7 )ctober 1993.
 

Sally. Hiltny and l.aurent (Aim pair . li'utilisation des zotcs ht1IiiidC potr I'agrictiure: I.'eaS dCs barragcs-retCttLICs IoIBurkina 
:a.o. Paper presented at the wiirkshop Ol WetLnds itt BUrkina Faso, IlicN. ()ulgadollgOll, Burkina Faso, 3f liuie - 02.ltly 1993. 

Skugerb)c, (. avh rd V.and NItuham nied Aslan. Basin platning fratewoIrk for irrigatioin sallinittv mina entetit. Paper presented at 
the International S+Vtpiisitin on F'nvironmetntal Assssimnt and Nlanatgcmcnt tI+Irrigatiii atid I)rainage irijects fir Sustained 
Agricultural ( ;ri Pakistan, 24-28 ( )ctibcr I193.iwth, IAer, 

Strosscr, P.aid R. Neitzce-I)ick. (rund water niarkets in Pakistan: An analysis if'selectcd isstIes. Paper presented at the 
workshoip ott Water NIanagemten t: Itdia's( ;riuindwater Challenge, Ahmedabad, IidLi., 14-16 )cetmber I993. 

Valera, A.: V. NIishra and I )irga K.(. ;ravel lining fir impriV 'dMaintenance. Paper presentetd at the Asian Regioial Sytri posimin 
oti NMaintenance and )peratiii if Irrigatitn/l)rainage Schemcs fo r Impruved erf rnmance. Beijing, (hina, 24-26 Nay 193. 

Wijayaratna, C I.. Role of firnicr irganizatiits in the imprivement offu'tii-Iel ilifrastructLire. Paper presented at the seminaron 
Impro'etient if aFart-lvel Infrastruicture. Asian Prodictivity ( )rganizatiin, Tokyit, lapan, 31 August- I1Septeimber I993. 

Wijavaratia, CLI. Shared cttril if natural resources: An integrated watershed management appriach to iptimizc pridt:till i1id 
protection. Paper presetnted at the Annal (;cnral Meetiing and Semiiar of the Sri I iikaAgriculture lciniiitiics A.siiciatiiit, 
Icradcniya, Sri I.anka, I2.Lte I93. 

/.vartcvccn, NI. Ctender arid irrigatioin nmatageti.eri t. Issues and cl letingeS. Paper prsnted atthe vorksopl it cder and Water( k' 
Restrces Nlanagemen t . I.es,,,ns I.earted arid Strategies ftr the FtttLire, Stickholm, Swedetn, 1-3 1 )ecctiher, 1993. 
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ANNEX III 
FELLOWSHIPS AND SCHOLARSHIPS 1993 

Name Daes Case Study Loflon 

Ph.D. Research Fellowships 

Y. Dembdld August 
August 

1991 
1994 

- Optimisation de la gestion hydraulique 
d'une retenue d'eau. (Optimization of the 
hydraulic management of a reservoir.) 

Burkina Faso 

T.M.S. Pradhan August 
July 

1991 
1993 

Design and management interactions in 
Banganga River Irrigation System, Pithuwa 
Irrigation System, and Mahakali Irrigation 
Project. 

Nepal 

Master's Degree Research Fellowships 

N. Pradhan October 

February 
1993 -

1994 
Technical efficiencies of farmer-managed 
irrigation systems and agency-managed 
irrigation systems. 

Nepal 

0. Barreteau July 

August 

1993 

1993 

Water allocation in a watercourse 
command area. 

Pakistan 

N. Riviere May 
December 

1993 -
1993 

IMIS Program in the Chistian Sub-
Division Fordwah Canal Division. 

Pakistan 

T.P. Alwis May 

October 

1993 -
1994 

Environment engineering and 
management. 

Sri Lanka 

C. Devindra October 

September 

1993 -

1996 

Soil and water (field) engineering. Sri Lanka 

C. Docter June 
September 

1993 -
1993 

Organizational management 
performance of distributary channel 
organizations in Sri Lanka. 

Sri Lanka 

N.A. Sisirakumara May 

October 

1993 -
1994 

Environment engineering and 
management. 

Sri Lanka 

Visiting Researchers 

G. Bassol6 July 
May 

1992 -
1993 

I)iagnostic hydraulique do pdrimitre 
irrigu de Gorgo. (Hydraulic diagnosis of 
the Gorgo Irrigation Scheme.) 

Burkina Faso 

C.A.O. Khalifa September 

January 
1993 -
1994 

Apport de hatcl6dctection adrospatiale 'i 
1'6tude de la dynamique de gestion des 
pcrim1trcs irrigu,&: cas de Mogt&to. 
(Application of remote sensing to the study 
of the evolution of irrigation systems: The 
case of Mogtddo.) 

Burkina Faso 
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Name Oats Case Study Locatlion 

C. Maharnan September 1993 - Application ie la tdl&tdction !. Itude de Burkina Faso 
Janiar, 1994 la dgradation du bassin versant,; i I' 

envalsclcill icLia retenitlc cttil soivi 

diachronique do, plan d'ean tic Dakiri. 
(Application of remote sensing to study 
the iegriALat on of the watershCd and 
the seti mn tation oFthe I)akiri reservoir.) 

A. Ouattara April 1993 - Essai d'analvsc dc la cotnpltitivit dc la Burkina Faso 
June 1993 riziculturc irriguY ct sa cotribution ;i 

l'autosuisancc cn riz tin Burkina Faso. 
(Analysis oftth c ciiitipctitivcicss o1 irrigated 
rice and its contributin to otod self' 
stfficicncv in Burkina Faso.) 

S.Ouedraogo October 1993 - Rentabilit de la production tin haricot Burkina Faso 
May 1994 vert dans he ptrinLtrc irrigu6 de Savili. 

(The eColnOlics ot'bealn production in 

the Savili Irrigation Scheme.) 

S.Ouedraogo March 1993 - Contribution ii I'analse diagnostic Burkina Faso 
January 1994 hydraulitlue du p&int&rc irrigu6 de Dakiri. 

(Contribution to the hydraulic diagnosis of 
the l)akiri Irrigation Scheme.) 

I..Sory June 1993 - Irrigation et consomnination t'eau tin Burkina Faso 
December 1993 riz au ddtb tie la canmpagne hitunitie: 

Incidence du calendrier cultural. (Irrigation 
and water use for rice culivation at the 
beginning of the wet season: 
Influence of the cropping calendar.) 

Z. Zida July 1992 - Etude dc la gestion tie l'cau stir ic Burkina Faso 
May 1993 periin&re de Mogt&to. (Study of the 

water management in the Mogtdo 
Irripation Schene.) 

M. Abdou June 1992  Soil-plant relationships oil Niger 
June 1993 the Tillakaina Perimeter. 

K. Gbiatene September 1992 - Study on the process of integrating Niger 
February 1993 Nigerian wonen into the ntodern 

agricultural sector situated along the 
Niger River: Case of the Tillakaina Perinteter. 
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Name Dates Case Study Locatlon 

Y. Hamani September 1992 - Production of green beans on the Niger 
February 1993 Tillakaina Perimeter, Agro-economic 

diagnostic analysis. 

Z. Issoufou June 1992 - Diagnostic research on agricultural Niger 
June 1993 techniques and the hsydraulic and 

chemical behavior of soils on the 
Saga Perimeter. 

F. Massalachi September 1992 - Integrating women into irrigation Niger 
February 1993 schemes: Case of the Saga Perimeter. 

H. Sedar H.C. September 1992 - Study of cassava: Socio-agro- Niger 
February 1993 economic factors. 

M.F. Khan June 1993 - Exploring future possibilities and utility of Pakistan 
August 1993 training local talent in the use of GIS as a 

research tool on irrigation narigenctit. 

G. Ayariga October 1992 - On-farm water management - Sri Lanka 
March 1993 Impact of seepage and percolation 

(S and 1) values on water scheduling. 

R.Oskam April 1993 - Evaluation of decision support systems Sri Lanka 
October 1993 for water management in irrigation 

systems in Sri Lanka. 

Management assessment at Uda Walawe. Sri Lanka 

A.B. Abdalla October 1991 - Irrigation system performance in the Sudan 
October 1993 Rahad Scheme. 

H. Ali May 1992 - Water perfimnance along minors in Sudan 
September 1993 the Rahad Scheme. 

C. Gideon )ecember 1992 - Water performance along majors of Sudan 
December 1993 tie Rahad Scheme. 

A.A. Mohammed March 1992 - Management of field course "ABXX" in Sudan 
February 1993 Rahad. 
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ANNEX IV
 
IIMI SENIOR STAFF 1993
 

(The country, in the case of internationally recruited staff, is given in italics) 

OFFICE OF THE DIRECTOR GENERAL 

Lenton, Roberto - Argentina 


Director General
 

Mohtadullah, Khalid - Pakistan 

Deputy Director General 

Nugawela, Dewaki 


Executive Assistant
 

PROGRAMS DIVISION 

Research Group 

Kijne, Jacob - The Netherlands 

Director, Research 


Abernethy, Charles - United Kingdom 
Senior Technical Advisor 

Amarasekera, Nalini 

Research Associate (until March) 


Amarasinghe, Upali 

Research Data Analyst 


Bhatia, Ramesh - India 

Program Leader, Performance (from 

June) 


Dassenaike, Lalith 
Research Associate 

de Silva, Mary 

Senior Secretary 


Dhanasekera, D. M. 

Research Officer (from August) 


Ekanayake, E.M.A. 

Research Officer (from December) 


Gosselink, Paulus - The Netherlands 

Associate Expert (seconded from the 

Directorate General International 

Cooperation (DGIS), Ministry of 

Foreign Affairs of the Government of 

the Netherlands) 


Gunasinghe, L.H.R.M. 

Research Officer (from July) 

Hemakumara, H.M. 


Research Officer 


Imbulana, K.A.U.S, 

Research Officer (from lune) 


Itakura, Jun - Japan 
Assistant Irrigation Specialist (seconded 
from Japan International Research 
Center for Agricultural Science) 

Johnson, Sam - USA 
Program Leader, Local Management

(from April) 


Kloezen, Wire - The Netherlands 

Associate Expert (seconded from the 


Ministry of Foreign Affairs, the Hague) 
(from June) 

Merrey, I)ouglas - USA 

Program Leader, Public Irrigation 


Organizations and Sector-Level 

Management 


Murray-Rust, Hammond - United 

Kingdom 
Senior Irrigation Specialist 

Priyanthi Chandrika, T.A. 

Research Officer (from July)
 

Ratnayake, R.M.P. 

Research Officer (from November)
 

Rey, Jacques - France 
Associate Irrigation Specialist 

Samad, Madar 
Assistant to the Director, Research 

Somasundaram, Vasumathy 
Administrative Officer 

Svendsen, Mark- USA 
Research Fellow' 

Udawatte, S.K. 
Research Officer (from July) 

Vermillion, Douglas - USA 
Irrigation Specialist 

Wasantha Kumara, W.A.U. 
Research Officer 

Weerakoon, K.G.P. 
Research Officer (from July) 

Wolter, Hans - Gernany
Irrigation Specialist' 

Yashima, Shigeo -Japan 
Irrigation Specialist 

Zwarteveen, Margreet -

The Netherlands 
Associate Expert (seconded from the 
Directorate General International 

Cooperation (DGIS), Ministry of 
Foreign Affhirs of the Government of 
the Netherlands) 

International Cooperation Group 

Abeywickrema, Nanda - Sri Lanka 
Director, International Cooperation 

de Silva, Dhammika 
Senior Secretary 

Franqa, Zenete - BrazilTraining Specialist (until October) 

Mutukumarana, P.
 
Assistant to the Training Specialist
 

Ratnayake, Ranjith 
Assistant to the Director, International 
Cooperation 
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ANNEX IV(CoNTINuED) 

Bangladesh 	 Shrestha, A. Brewer, Jeffrey- USA 
Parker, Donald - USA	 Research Associate Social Scientist 

Head, Bangladesh Field Operations
 
Ekanayake, Ratnasiri
 
Research Officer
Hakim, M.A. Niger 


Economist Lonsway, Kurt - USA
 
Irrigation Specialist and Project Leader Gamaathige, A.
 

IRahman, Abdur mResearch Associate
 

Administrati,c Officer
 
Nigeria Haq, K. Azharul- Bangladesh
 

Pradhan, Prachanda - Nepal Agricultural Engineer/Technical Advisor 
Burkina Faso Irrigation Specialist and Project Leader for IRMU 

Sally, Hilmy - Sri Lanka (until December) Hemakeerthi, K.A.
 
Irrigation Specialist and Project Leader Hemak eerthi O.i.
Aiyewumi, Felix 	 Agronomist/Research Officer 

Lingani, S~i 	 Research AssistantAccountant/Administrative Officer Jinapiah, K.
 
Babura, Alh. Rabiu Abubakar 
 Research Associate
 
Research Officer
 

Pouya, Andr&Marie Karunasea, l.A.
Information and Communications 	 KrnsnHASpecialist 	 Miga, Idris Resear..h Associate (until March)
 
Research Assistant
 

Maheswaran, Kalaranjani
 
Morocco Omotowoju, Joseph S. Agronomist/Research Officer (until
 

Agriculture Engineer September)

Verdier, Jean - France 

Head, Morocco Field Operations (until Nanayakkara, Chandrasiri
 
May) Philippines Agricultural Econonist/Research
 

Manangan, Celso C. Associate
 

Nepal Administrative Officer
 
Perera, L.R.
 

Valera, Alfredo - The Philippines Valdez, Ma. Delia M. Research Officer
 
Head, Nepal Field Operations Research Assistant
 

Sakthivadivel, Ramaswamy- India
 
Durga, K.C. Senior Irrigation Specialist
 
Research Officer (until December) Sri Lanka
 

Wijayaratna, Chandrasekera M.- Sri Samarakoon, l)harshana
 
arnci, Vinay Lanka Administrative Officer
 

Research Associate (until October) 
 Head, Sri Lanka Field Operations 
Somaratne, lP.G. 

Neupane, Nita Abeyewardene, A. Research Officer 
Gender Analysis Researcher Research Officer 

Upasena, W.J.J. 
Pradhan, T.M.S. Aluwihare, Parakrama Agricultural Economist/Research 
Research Fellow (until June) Research Officer Officer 

Pradhan, Ujjwal - Nepal Ariyaratne, B.R. Withana, Chulawansa 
Assistant Irrigation Specialist Research Officer Research Officer 
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Shared Control of Natural Resources 
Project 

Adikaramge, N.K. 

Enterprise Development/Marketing 

Specialist (from August) 


Batuwitage, G.P.
 
Monitoring and Fvaluation Specialist 

(from September) 


Ekanayake, E.M.A. 

Research Officer (from November) 


Ekanavake, P.S.B. 

Finance Officer (from August) 


Fernando, N. 

ANNEX IV (CoNTINUED) 

Rajasekera, D W.P. 

Coordinator, Human Resources (fron 


August)
 

Samarakoon, Banda, J.M. 

Research Associate (from September) 


Samaranayake, G. 

Administrative Officer (from August) 


Sirimal, Bandula R.B. 

Research Officer/Agricultural 

Economist (from December)
 

Oegaki, .Mn.C.K.Organizer, Women and Youth 

Organizations (from September)OctoberResearch Asociatei(Fom 
Research Associate (from October) 

Jayasuriya, K.N. 

Enterprise Development/Marketing 

Specialist (from September) 


Jayawardena, K. 

Research Officer/Computer Analyst 

(from December) 


Karunaratne, G. 

Watershed Management Coordinator 


(from September) 


Karunaramne, P.G. 

Watershed Management Coordinator 

(from September) 


Karunaratne, R.M. 

Deputy Team Leader (from September) 


Kotiiwegedera, J.P.K. 

Research Officer (from November) 


Kuruppu, W. 

Watershed Management Coordinator 

(from September) 


Medagama, J. 

Team Leader (from September) 


Nanayakkara, V.K. 

Team Leader (from September) 


Upali Chandra, K.A. 


Administrative Officer (from 


December) 

Warnasmya, T.K. 


Deputy Team Leader (from September)
 

Widanapathina, A.S.
 
Research Associate (from October)
 

Wijenayake, D. 


Watershed Management Coordinator
 
(from September) 


Sudan 

Shafique, Muhammad S.- Pakistan 


Senior Irrigation Specialist
 

Ali Dingle, Mohamed A. 

Senior Agricultural Economist
 

Samuel, R.I. 


Accountant (until December)
 

Tawadrous, M.E. 

Agricultural Economist
 

PAKISTAN GROUP 

Skogerboe, Gaylord V. - USA 
Director, Pakistan (from August) 

Atakq, RIna Mohamniad 
Irrigation Engineer 

Anwar, Haroon
 
Geiseral Manager
 
Finance and Administration
 

Babar, Khurhid
 
Field Research Engineer (until October)
 

Badruddin, Mohalmnad
 
IIMI Pakistan Associate
 

Bandaragoda, 1). Jayatissa - Sri Lanka 
Senior Management Specialist 

Bhatti, M. Akhtar 

Principal Irrigation Engineer (until 
March) 

Garces-Restrepo, Carlos Co/ombia 
Irrigation Specialist 

Systems Analyst 

Haider, Sayed Daniyal
 
Accountant
 

Khan, Hakeem
 
Field Research Engineer
 

Kuper, Marcel - 77)e Netherkins
 
Associate Expert
 

Miranda, Senen - The Philippines 
Senior Irrigation Specialist (until June) 

Rehman, Gauhar
 
Civil Engineer (GIS Specialist)
 

Rehman, Saeed-ur
 
Senior Field Research Economist
 

Safdar, Ahmed Saleen
 
Field Research E'nginecr (until October)
 

Saleem, Mohammad
 
Field Research Social Scientist
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ANNEX IV(CoTINUED) 

Sendu, Faiz Hanif Kurukulasuriya, Kingsley Abayasekera, Mohan 
Senior Field Rese ;ch Hydrologist (until Production Editor Manager, Travel and Conferences 
October) 

Nanayakkara, Charith Abeysekera, Laksiri 
Shahid, Bagh Ali Computer Services Manager Controller 
Principal Irrigation Engineer (until 
Dlecember) Nesiah, Vasceharan Abeyesckcra, Fred 

Communications Oficer (from Personnel Manager (until June) 
Shahid, Sarvar September) 
Field Research Hydrologist 

lRabindranath, SusilaAmruiySpa 
Amarasuriya, Scpala 
Senior Mlanager, Human Resources 

Strosser, Pierre - France Press Officer (until January) (from October) 
Agricultural Economist 

Sri-NanunUni, Shanthi 

Van Waijjen, Frik -- The Nether/ands Assistat Librarian ersonnl Oficer 
Associate Expert (intil August) S 

Vander Velde, Edward J. - U.YA 
lroduction Manager Bultjens, Rodney 

Office Equipment Technician 
Senior Irrigation Specialist Urnagiliv, Nargis 

Zamian, Waheed-uz 
Writer Ekanavake, Somiasiri 

Assistant Accountant (until July) 
Senior Field Research Engineer Van Eyck, David 

Distribution Manager Halvitige, Gamini 
Senior Accountant 

COMMUNICATIONS DIVISION Wickremasinghe, Ranjith 
Information Office Computer Technician Perera, K.S.C. 

Maintenance Engineer (t1tl October) 
lenahan, James - United Kindon Yapa, N.U. 
Head, Information Head Librarian Sarmarakoon, Ranjith 

Assistant Accountant (from September) 
I)e Alvis, Manik 
Assistant Documentalist (from May) Donor Relations and ProjectDevelopment OfficeSa Samaraweera, [)ayarwerDy

Manager, Administrative Services 
Dc Silva, Ramva Fuchs-Carsch, Marian - USA 
I)ocumentalist Project I)evelopment Oflicer Vander Sav, Avril 

Fernando, K. Nimal A. Blok, Sharmini 
Senior Secretary 

Manager, Production and Editorial Assistant project Development Officer Wccrasekcra, Shanthi 
Services Dhanaala, Kiran Manager, Olice Support Systems 

(tunasekcra, Manisha 
l~tlocioEitr frm anar)Auguzst)lProduction Editor (from January) 

Project Development Associate (from 

Wettasinghie, Uday'a
Manager, Budget Office 

Jayakody, Kithsiri FINANCE AND ADMINISTRATION 
Typesetter DIVISION 

Kartnaratne, ID.C. 
Andrews, Nancy - USA 
Director, Finance and Administration 

l'eas-ct-u I'RI. utnder INII-IFRI Collaborative 
'r,,grm. 

Artist/('artographer (from January) 2iaiwd al 1'IM) (,n wcordiicnt from IIN!. 
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Flgure 14. Composition of IIMI Staff. 

Associate Experts 9 
2.38% 

Professional and 
Management 131 

34.66%/ 

International 32 
8.47% 

Support Staff 206 
54.49% 

Total =378 
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ANNEX V 
CONSULTANTS 1993 

Name County Inwhich 
the Consultancy 
was Conducted 

Mission 

Programs Division 

M.D.C. Abayaratna Sri Lanka 	 To edit FMIS Groundwater Workshop papers. 

K. Athukorale Sri Lanka 	 To work on research activities in Sri Lanka for the 
Gendcr Program. 

D. Constable Sudan 	 To conduct wNorkshop as part of lIMI team to deliver results 
of TNA held in Sudan. 

J. Fernandez U.S.A. 	 Study of irrigation nianagenent transfer in Colombia. 

SI1).Jones 	 Australia To reviesv the procedures for evaluating irrigtation 
performance currently in use in Australia. 

G. 	Levine ,4exico and Nepal To assist IIlMI to initiate its research program in Mexico 
with two collaborating institutions and to review IIMI's 
collaborative programs in Nepal. 

M. Pikeris Argentina 	 To translate th: text of the IIMI Review and FMIS 
Newsletter. 

D. Purkey USA 	 To report on "Current Practices and Procedures of Irrigation 

Performance Assessment in California". 

S.K. Raheja India 	 To prepare apaper on "Methodologies for Field-Testing of 
Performance Indicators of Irrigated Agriculture". 

S.K. Raheja Sri Lanka To assist I IMI staff in the methodological aspects of 
quanti ,ing linkages bctween nianageicnt interventions and 
performance indicators of irrigated agriculture: 
A Case Study of Muda Irrigation System in Malaysia. 

R. Rangachari 	 India To prepare a review report on "Existing Procedures and 
Practices of Irrigation performance Assessment in India". 

P.S. Rao India 	 To prepare a paper onl "Current Procedures and Practices for 
Assessing Pcrformance of Irrigated Ariculture: A Synthesis 
Report of Reviews from Industrialized atid I)eveloping 
Countries". 

P.S. Rao Sudan, To review pl:1ns for training activities in Sri Lanka. 
Bangladesh, To review report oti TNA in Sudan. 
Sri Lanka, To discuss the development cdtactivities at I)11), Malaysia. 
and Malaysia To discuss the development of activities in BAI)( *, 

Bangladesh and to co llect firther information on the 
Corporation to iprcparc a comparative study of the irrigation 
organizations in three diffrcent cottutries. 
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ANNEX V(ComNuEo) 

Name Country In which 
the Consultancy 
was Conducted 

Mission 

S.Rozelle China To work on a case study on irrigation management transfer 
in China. 

D. Walton Sri Lanka To review lIMl's Strategy and MI in detail. 

M. YUdelman Sri Lanka To discuss the paper on "Demand and Supply of foodstuffs 
upto 2050 with Special Refcrnce to Irrigation". 

International Cooperation Group 

R.S. Abeysekera Sri Lanka To carry out study on projects related to crops and crop 
production in the Nilwala Watershed where tile SCOR 
Project has commenced field activities relating to natural 
re:source management. 

0. Amarasinghe Sri Lanka To study crop production and livestock components of the 
KOISP Impact Assessment Study. 

M.A.B. Anawarama Sri Lanka To analyze den Ind, supply and price of tomato and onion 
production in Sri Lanka with special reference to irrigation 
and production scheduling. 

J. Beekma Pakistan To help revicw data collection on irrigation practices and 
soil salinity and to provide insights on the role of soil 
properties in salinization/sodication processes. 

J.C. Legoupil West Africa To be responsible for implementation of IIMl's program in 

the regional office in Ouagadougou. 

N. Neupane Nepal To conduct a study on gender issues in irrigation at Chhattis 

Mauja Irrigation System. 

C.R. Panabokke Sri Lanka To act as secretary of the Sri Lanka-IIMI Consultative 
Committee, and to contribute to the project on Irrigation 
Management and Crop )iversification. 

S. IRbbindranath Sri Lanka To edit report on "The l)ynamics of Irrigation Systems 

Performance". 

P. Rajasekera Sri Lanka To visit 1-uruluwcwa and Nilwala watersheds to identify and 
assist in selecting suitable office/residential accommodation 
for staff ofSCOR and help SLFO develop SCOR Project 
Proposal. 

K.V. Raju India and Sri Lanka To assist senior researchers ofboth IIMI and lIMA in 
undertaking the India Turnover Study and completion of 
manuscript for Bihar groundwater study. 
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ANNEX V (CoATINuED) 

Name CountryInwhich Mission 
the Consultancy 
was Conducted 

S.Z. Sadeque Bangladesh To work with IIMI/ Bangladesh on inception activities 
shaping the study of Minor Irrigation Privatization. 

M. Schaap Niger To complete aGender Relations Study on the Tillakaina 
and Saga perimeters. 

F.E. Schulze West Africa To act as lIMI's Regional Representative for West Africa. 

G. Shivakoti Nepal To conduct a study on the support services for farmer

managed irrigation systems. 

J.C. van Dam Pakistan To test the utility of the simulation of water and solute 
transport, using an agro-hydrological model for the analysis 
of irrigation-induccd salinization processes. 

A. Weerasinghe Sri Lanka To identify and measure KOISP output and trends. 

/l. Wijeratna Sri Lanka To study crop production and livestock components of the 
KOISP Impact Assessment Study. 

Information Office 

S.Chater Sri Lanka To write Annual report 1993. 

M.P. Fernando Sri Lanka To translate Burkina Faso Evaluation Project Report. 

G. Fouquet Thailand To translate an agreement from French to English. 

S.Meegama Sri Lanka To typeset TIMI publications in English, Spanish and French. 

Other Offices 
W. Daudrumez Sri Lanka To work as the International Recruitment Consultant. 

E. de Silva Sri Lanka To work as the Transportation Consultant. 

E. Dina Sri Lanka To translate into Spanish the document on Approach to 
Irrigation Management. 

S. Fernando Sri Lanka To beautify the headquarters building. 

1'. Kokuleraj Sri Lanka To review the headquarters building partitioning options. 

C. Watson Sri Lanka To develop proposed framework for the organization of the 
General Administrative Practices Manual. 
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ACRONYMS AND SYMBOLS 

ADB Asian Development Bank
 

AFDB African Development Bank
 

AIT Asian Institute of Technology (Bangkok)
 

BADC Bangladesh Agricultural Development Corporation
 

BAU Bangladesh Agricultural University
 

BMZ Bundesministeriumr ffir Wirtshaftliche Zusarnienarbeir (Germany)
 

CADSWES (.enter Ior Advanced Decision Support for Water and Environmental Systems
 

CEMAGREF Centre National du Machinisme Agricole, du Gnie Rural, des Eaux et des Forets (France) 

CEWRE Center of Excellence in Water Resources Engineering 

CMIAR Consultative Group on International Agricultural Research 

CIDA Canadian International Development Agency 

DANIDA Danish International Development Association 

DID Department of Irrigation and Drainage (Malaysia) 

DSE Deutsche Stiftung filir Internationale Fntwicklung (Germany) 

EC Conmission of the European Comnmtnities 

ETSHER Ecole Inter-Etats des Techniciens SupdrieUrs de l'Hydraulique et de I'Equipenent Rural (Burkina 
Faso) 

FAO Food and Agriculturc Organization of the United Nations 

FM!S Farmer-Managed Irrigation Systems 

HJRBDA Hadejia Jama'ara River Basin Development Authority (Nigeria) 

IAAS Institute of Agriculture and Animal Science (Nepal) 

IASCP International Association for the Study of Common Property 

ICID International Comnission on Irrigation and Drainage 

IFAD International Fund for Agricultural Development 

IFPRI International Food Policy Research Institute 

IHE International Institute for Infrastructural, Hydraulic and Environmental Engineering 

IIMA Indian Institute of Management 

ILO International I.ahour C)'ganisation 

ILRI International Institute for Land Reclamation and Improvement 

IMTA Instituto Mcxicano deT ccnologia del Agua 

IPTRID International Program for Technology Research in Irrigation and Drainage 

IRMU Irrigation Research Management Unit (Sri I anka) 

ISMP Irrigation Systelns Management project 
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ACRONYMS AND SYMBOLS (CoNtiNuED) 

IUCN World Conservation Union 

IWAS RI International Waterlogging and Salinity Research Institute 

lWRA International Water Resources Association 

JIRCAS Japan International Research Center for Agricultural Sciences 

KOISP Kirindi Oya Irrigation and Settlement Project (Sri Lanka) 

MIT Medium-Term Plan 

NGOs Nongovernmental Organizations 

NIA National Irrigation Administration (The Philippines) 

NIRP National Irrigation Research Project (Sri lanka) 

ODA Overseas Development Administration (UK) 

SCOR Shared Control of Natural Resources (Sri Linka) 

SI)A Swedish International l)evelopment Authority 

SIFO Sri Lanka Field Operations 

TA Technical Assistance 

TAC Technical Advisor, Committec of the CGIAR 

TNA Training Needs and Organizational Constraints Assessment 

UNDI) United Nations [)cvell11ent Programme 

USAID United States Agenc, for International Development 

WARDA West Africa Rice Development Association 

Acronyms and Symbols 



IIMI ADDRESSES 

HEADQUARTERS NEPAL SUDAN 

127, Sunil Mawatha, I[MI, Nepal Field Operations III, Sudan Field Opraions 
Pelawatte via Colombo P 0 Box .3975 P 0 Box 318, Wad Mcdceni 
Sri Lanka Kathmandu 

"l'dkpphone (94-1) 867404 (8 lins) Nepal l'dephone 3148 ((;eira Sys'Iem) 
e n6Nx : 50013 1I RS SI) or 50009 

Telex 22318 or 22907 Telephone: 97 "7 - 1-4 14376 or lX[t\I) SI) 
IIMII IQ CF 111912 (Ext. 18) (do Mr.Mlonshid, IIRS) 

Fax (941) 866854 Tx 2321 BASS NP 

E-Mail C(;NE:!':[IIM 
(Atun:!lIlI) 
Alt & Saturdays: 26610 

[[Ml, Sudan Field Operations 
liaison Olice 

(I 57:(:(;I 129) or (;URANS NI; St. 53 New Extension, [-louse 9/11 
Internet:i[NI Fax 977- -415535 1 0 Box 2976, Khartoum, Sudan 
@CGNE'T.COM Alt. (977-) 521880 le oit (249-Il) 45104 

P 0 Box P0 Box 2075, Colombo, (Attn. [[1I!) 
Sri Lanka E-Mail (157:((;1106) TMI-Nepal"l¥1ex 241)33 KF.NAN SI) 22554AA) SI) (Atn.llMNI I) 

Fax (249-1I) 451643 

BANGLADESH PAKISTAN 

IIMI, Bangladesh Field Operations [ MI, Pakistan )ivision WEST AFRICA REGIONAL OFFICE 

56A, Road 16 (New) I A/B Danepur Road [Mil, West Africa Regional Olice 
I)hanmnandi R.A. (COR 1, lahore II Il1 5373, Ouagadougou 01 
I)haka 1209 Pakistan Burkina Faso 
Bangladesh T[elephone : (94-42) 6368610, 303251 Telephone (226) 308489 

Telephone (880-2) 324128 Tdex .44926 1[MI PK Tkcx 5381 SAF(RAD BF 

Telex 642940 ADAB BJ Fax : (94-42) 6369194 (Attn:lhMl) 
(Attn:ll I) E-Mail l[III-PAK (157:C(,1220) Fax : (226) 31-06-18 

Fax (880-2) 813095 E-Mail [[MI-BURKINA 
(Atn :!l[Ml) (I 57:C(; 1195) 

E-Mail 1).IPARKER-FORI) PHILIPPINES 

I[Ml, Philippines Field Operations NIGER 
2nd Floor, IC( ] Bldg. 
NIA Compound, 1I)SA [[MI Bp [0883. Niarnev, Niger 

MOROCCO 1)iliman, QunI (r 'iTelephone : (227) 73-29-58 

IIMI, Morocco Field Operations Metro Ianila Telex 5463 NI 
do S1FIA Philippines (Attn: Kurt I.onxsVav) 
461, Avenue [lassan II ldephone : (63-2) 9242567 Fax (227) 73-59-83 
Al Akkari Telex :40404 6MCR (Attn:llMl) E-Nlail l[MI-NI;FR 
Raba: 
Morocco Fax : (63-2) 9242567 (57:(:(;1058) 

Telephone (212 -7) 691101 

'elex MARI)ER 36705M SRI LANKA NIGERIA 

((Ilote "lhMl") [[lI, Sri lanka Ficdd Operations Hadejia jania'ara River Basin1)evclopmcnt Atuthority 
Fax (212-7) 691101 or thro' 107, Havelock Road, A nthority [[eadquarters 

Backup Services, Colombo 5 Maidugtri Road 
44-491-832002 or thro' 
IIMI-Pakistan. [Tdcphone (94-1) 508001/7 PNI B 3168 

92-42-6369194 T'clex : 22318 or 229107 Kano, Ngeria 

E-Mail : IIMI-RABA IIMlkIQ (F" "lelephone : 064-648237 Fxt. 55 
I 57:(:(;1064) Fax : (94-!) 508008 [:ax :1064-648184 
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