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|
Introduction

Since late 1995, IWMI has given the highest pnotat strengthening its research program. This
has involved recruitment of new staff, concentrad resources on research, encouragement of
refereed publications by staff, and a major redaton of the research program. By late 1999
IWMI feels it has had considerable success in orgat strong research culture and program at
IWMI; and that this strength can now serve as algoandation for expanding applied and
outreach activities in partnership with interestieseloping countries.

When the Institute was established as the Intemnatilrrigation Management Institute (1IMI),
the focus was almost entirely on irrigation managetm Some attention was paid to on-farm
irrigation management, for example irrigation dietfield crops in rice-based systems; but
most effort went into understanding and improvingain system management” — what Wade
and Chambers (1980) referred to as the ‘blind dpatrigation management. Along with this
went a strong program on indigenous farmer-managedtion and irrigation management
transfer processes. Most of the work was suppdrydallateral donors in specific countries.
Therefore, not surprisingly, the Institute empheadiapplied research and capacity building, with
relatively little strategic or upstream resear&moductivity in terms of refereed publications was
low. On the other hand, many partner countriepecated actively, and evaluated most of the
work positively in terms of its usefulness and iga

Upon joining the CGIAR in 1992 the Institute expaddts mission to focus on ‘irrigated
agriculture,’ though in practice this did not l¢gadany major changes in resource allocations.
The themes remained similar to what they had beam system management, performance of
irrigation systems, and policies and strategiepfomoting local management of irrigation.
There was however little change in the balance éetvapplied country level work and capacity
building on the one hand, and strategic researdh®@other. The External Program and
Management Review (TAC 1994) expressed strong corateout the weakness of strategic
research while noting that country level satistattvith the Institute’s impacts remained high.
The research record was perhaps better than miastdgbat the time, but most of the important
findings were never published in scientific joush@errey 1997).

Beginning in late 1995, while continuing to plabe tighest priority on irrigation, IWMI’'s
program began changing drastically, as it adjugiednew research paradigm based on
integrated water resources management in a rivan lcantext. New themes have come to drive
the research program: performance assessment twasked productivity of water (“crop per
drop”) not land; the river basin paradigm which erig¢s most of our work on technical and
institutional problems; global studies on water &atl security; application of new information
technologies such as remote sensing; work on humaalth and environmental issues; and a
strong focus on poverty and gender.
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Our research program is organized around four glotomrams or ‘research grodps This
four-program structure has remained stable, buethave been important adjustments in their
names and content as we worked out the implicabbtise new IWMI paradigm. These
adjustments are reflected in the annually upddtezktyear rolling medium term plans (MTP)
submitted to the CGIAR TAC. Much of the actual e done through multidisciplinary teams
whose members are drawn from two or more group®relrhas been a geographical focusing of
our resources as well. In the early 1990s we badtalO country programs with residential
staff, few of which had sufficient resources tosignificant research. Today we have three
residential programs, Pakistan, Sri Lanka (headqrtsr and Mexico until mid-2000; there is
one staff member posted to WARDA in West Africagd @me countries in Africa and Asia

have part-time or nationally recruited represemésti This concentration has enabled us to form
strong research teams to work on specific issues.

Section Il presents what IWMI regards as key hggitk of its record over the past five years.
Sections Il through VI present more detailed ressahd achievements of each of the four global
research programs or groups, prepared by the leaflénese programs. Section VIl describes
some of the highlights of the first phase of thet8gn Wide Initiative on Water Management
(SWIM). The final section (VIII) provides insigiito some of our major national outreach
programs, again prepared by the leaders of thegggms.

The reader may also wish to refer to a speciakisgihelnternational Journal of Water
Resources DevelopmeMarch/June 199%Research from the International Water
Management Institute. The fourteen articles provide an excellent compendf the major
issues being addressed at IWMI.

! In the draft Strategy Paper (IWMI 1999a), we hpr@posed to change the designation from “GlobakResh
Programs” to “research groups.” This change hayeiobeen approved by the Board of Governors.
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[
Highlights of IWMI’s Research, 1995-1999

Introduction

In the 1990s the world has begun to experienceidlyagrowing sscarcity and competition for
water. Water scarcity today stands as perhapatyest single threat to food security and to
achieving the CGIAR mission of poverty eradicatighost of new problems are emerging.
These include:

* areduction in water allocated to irrigated agtiard;

» falling ground water tables in the semi-arid regiamd some of the major breadbaskets of
the world;

» pollution affecting the health of crops, livestoekd humans;

* growing poverty particularly in rain fed and margiareas.

Solving these and other related problems will re;mjahanges in the way we manage our water
resources. New policies, technologies, and irigtits will be needed.

IWMI over the past five years has turned its attanto research to meet the challenges posed by
this new environment of scarcity. In this sectwam highlight research achievements that are
dealt with in more depth in the following sectionknis section is not a ‘synthesis’ or summary

of what follows; rather it highlights several acleenents that IWMI regards as particularly
important.

Global Water Scarcity: The Dimensions of the Problm

A study projecting water supply and demand for ¢déntries to the year 2025 sets forth
geographic, temporal, and social dimensions ofnaer scarcity problem (Seckler et. al 1998;
Seckler et. al. 1999). This study, the first ofkitsd, estimates that 2.7 billion people, one third
of the anticipated 2025 world’s population, willdiin regions facing severe water scarcity in the
first quarter of the next century. The most seweadfected regions will be the semi-arid regions
of Asia, the Middle East, and Sub-Saharan Africd,dven many well-watered areas will have to
adjust to the pressures of competition.

This study has been followed up by the developroéanh interactive policy dialogue model,
PODIUM. This model estimates future food needswaatér requirements, both globally and
country-wise, taking into consideration variousrsres of population, diet, climate, yields,
trade, and water use for irrigated agriculture atier sectors. PODIUM has been particularly
useful in stimulating policy discussions at themioy level. Through PODIUM and continuing
research on water supply and demand, IWMI has besking important contributions to the
development of the World Water Vision 2025 to becdssed at the Second World Water Forum
in the Hague in March 2000.
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New Concepts: The IWMI Water Resources Paradigm

Traditional analyses of irrigation performance aficiency can mislead planners and policy
makers, especially as water availability at therivasin level becomes the primary constraint to
agricultural production. IWMI cannot claim intetkeial property rights over the concepts
encompassed by the title of this section. Ourrdmution lies in promoting approaches we feel
are essential for improving irrigation efficienaydaincreasing water productivity. However, it

is the acceptance of these concepts that definéfi’'BVesearch focus on new methodologies,
tools, and approaches to water resource managetestibed in the sections which follow.

The “IWMI Paradigm” — a phrase coined by otherd,mpIWMI — is based on the concept of
integrated water resource management (IWRM) buthasipes the need to understand irrigation
efficiency, water utilization, and water productyat the river basin as well as the farm and
system level (Seckler 1996; Perry 1999,). Irrigatdficiency typically relates the volume of
water beneficially used (i.e., crop evapotransmrgtto the amount of watelivertedto a use.
However, increases in efficiency at the farm lewaly not lead to increases in efficiency at the
basin level. This is because measurement of efiigi@at the basin level takes into account the
use ofreturn flowsfrom seepage, percolation, and surface runoffttoadlly counted as

“losses” at farm and system level. It thus takés account both on-site and off-site impacts.

As water resources are exploited over time, rivsins become “closed” during all or part of the
year. That is to say, no more water of usableityualflowing to the sea. It is important to
assess whether a basin is “open” or “closed”. dlibsing of a basin marks the beginning of
water scarcity and all that this implies for basianagement.

The focus on basin level water resource efficietirawvs attention to the competition for water
among sectors and the need understand the intesnsliaip between surface and ground water.
The canal system is often a major source of groatelwecharge, but overexploitation of
groundwater and falling ground water tables is b@og an all too common problem. Reforms
are needed in many national level irrigation antkeweesource bureaucracies to address these
issues.

Another critical component of the new paradigm @ns water productivity. The now familiar
phrasecrop per dropemphasizes the need to treat the productivityaiEw(e.g. yield per cubic
meter of water) as seriously as we have traditlprisdated productivity of land (e.g., yield per
hectare). Indeed, in water-scarce areas improwatgr productivity should take precedence
over improving land productivity.

New Methodologies: Water Accounting

Major emphasis has been given to the developmehtesmting of a water accounting framework
to measure the use and productivity of water & figystem, and basin level (Molden 1997). The
concept of beneficial use of irrigation waterbasin efficiencyvas derived to replace traditional
concepts of efficiency (Molden and SakthivadivedQ® The procedures, including the use of a
consistent set of definitions, is being appliedaliaboration with national partners in large and
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small basins around the world. A comparison haslmeade between two irrigation systems in
the semi-arid regions of India and Pakistan angstes in the more humid regions of Sri Lanka.
The results showed that in the former (compardtedatter) the beneficial use of irrigation
water orbasin efficiencywas very high (Molden, Sakthivadivel and Habib @99In China in
collaboration with IRRI and WUHEE (Wuhan Universd¥Electrical and Hydraulic
Engineering) water accounting procedures are hesed to determine how much water is being
saved in a large sub-basin level due to the on-faater management practice of alternate
wetting and drying. The division of river basinsa “hydronomic zones” helps to define areas
in the basin where increases in water saving afatime-level will lead to greater basin level
efficiency (Molden, Sakthivadivel, and Keller 1999)

Throughout its existence, IWMI has been a leadelewveloping and applying methodologies for
assessing irrigation performance. With increasicaycity of water, measuring the productivity
of water resources is arguably one of the most mapbindicators of performance. With the
emphasis on crop productivity or crop output pat ahwater, IWMI has developed a standard
set of performance indicators and compared 27 sysseattered across Asia, Africa, and Latin
America (Molden et. al. 1998, Sakthivadivel et1899a). Performance indicators measured
before and after intervention have also been usediantify the impact of rehabilitation and
organizing farmers in the Gal Oya Left Bank IrrigatScheme in Sri Lanka (Murray-Rust,
Sakthivadivel and Amerasinghe 1999).

Ultimately decisions regarding the allocation oft&rashould take into consideration the social
and economic value of water in competing uses.tifrgavater as an economic good has mixed
impacts since water, depending on the situatiomeated as both a public and private good and
it is of course a necessity of life (Perry, Rocki &eckler 1997). Beginning with a study of the
multiple uses of water in Kirindi Oya, Sri Lank&/MI has been developing methodologies for
valuing the various uses of water (Bakker, et1889; Renwick et. al. forthcoming).

New Tools: Information Technologies

IWMI researchers make increasing use of advandedmation technologies. Remote sensing
techniques combined with geographic informatiortesys (GIS) and hydrological modeling

have become powerful tools for basin level managemed performance assessment.
Information technologieare to improvement of water basin management wib&tchnologies

are to crop improvement. Before these new infolonaiechnologies became available, the scale
of water research was constrained in its abilitge¢al with complex systems spread over large
areas. New information technologies facilitate @halysis of large areas such as river basins and
irrigation systems and the testing of alternatitenventions through computer simulation and
modeling.

At theglobal level aWorld Water and Climate Atldsas been developed by IWMI in
collaboration with the University of Utah Climate@er and the Climatic Research Unit of the
University of East Anglia. The IWMI Atlas is a gravg collection of a wide range of water,
climate and other GIS gridded data products abuartemporal and spatial resolutions. The use
of asynthesizemakes it possible to interface data from other cesiwvith the Atlas. Since the
release of the Atlas, IWMI has received regulaussgs for copies of trynthesizecompact
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disc (CD) and associated data sets. These dasdsareegularly downloaded from the IWMI
web site (www.cgiar.org/iwmi). Recently IWMI hasad thesynthesizetogether with gridded
data from the University of East Anglia to produmenthly moisture availability indices for
India and Pakistan. The results show clearly iictvlareas there is a need for irrigated
agriculture, where supplementary irrigation of rigd agriculture is important, and where there
is a need to focus more on drainage problems.

At the basin and systemgevel information technologies coupled with modglare being used
for: (i) irrigation systems performance, (ii) vauemodeling exercises, and (iii)
evapotranspiration estimates. Remote sensing sthdie been carried out in partnership with
the National Remote Sensing Agency of India. B 1t2 million hectare Bahkra irrigation
system in India, combined measures of yield ang camsumptive use gave the productivity of
crop evapotranspiration for the whole command éBaatiaanssen et. al. 1999a; Sakthivadivel
et. al. 1999b).

The use of models has accelerated with the inadeatsention to basin level management. In
Turkey models have been used to investigate alieenbasin development scenarios in the
Gediz Basin. They have also been used to measairmgfact on agricultural production on
changing water allocations to protect the Kis Céinmetland area, important as a bird habitat
(Kite and Droogers 1999b; Voogt et. al. 1999). laXito IWMI and IFPRI scientists are
integrating hydrological and economic models teestigate water allocation decisions and
management alternatives in the Rio Lerma Basint{%oml Garces-Restrepo 1999).

Negotiations on water allocation and water rights] designs for improvements in water use
require good data. Unfortunately, institutions aften unwilling to share information, because
they believe some advantage in negotiations mdgdbe This situation is rapidly changing with
the increasing amount of information available fribra internet and from remote sensing. There
is potential for much more transparency in disaussbetween stakeholders, and a potential for
better agreements between parties. IWMI has nbesk trends (Perry, 1999), and has shown
how basin modeling could be achieved with publalgilable data sets (Lacroix, Kite and
Droogers, forthcoming). We have also shown thaiote sensing can be used for performance
assessment in a cost-effective manner: costs ¢g§0JEL-0.03 per ha for crop consumptive use
of water and crop yields on a seasonal basis i2 anillion ha system (Bastiaanssen et al. 1999a;
Sakthivadivel et al. 1999b).

In order to promote the wider application of congtliased decision-support tools among
irrigation agencies, IWMI together with CEMAGREFdtine Land and Water Division of FAO
have formed the Information Technologies for Irtiga Systems (ITIS) network. The network,
consisting of researchers and practitioners, nmeggisoximately once a year to discuss and
promote the application of IT to improve decisioakimg in irrigation management (ITIS,
1998).

A New Research Program: Health and Environment

The closing of river basins and growing scarcityvater reduces both the quantity and quality of
water available which in turn puts pressure onhiisath of humans, animals, and plants and on
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the environment. IWMI's research attempts to inwerthe understanding of the linkages
between irrigated agriculture, environment, andthesnd to develop water management
methods that will improve health or mitigate hedl#zards and environmental degradation.

Salinity is a major threat to the sustainabilityiroigated agriculture worldwide. IWMI has
contributed to an understanding of the problemtaridentifying ways to address the issue.

Kijne (1996) and Sakthivadivel et. al. (1999b) esved previous studies and performed detailed
analyses of water and salt balances in PakistamNartiwest India. The studies in Pakistan
raise serious questions about the possibility afagang the macro-level salt balances in the long
term. Modeling studies at the farm level demonsttahat even using deficit irrigation it is
possible through improved on-farm management toag@nvater logging and salinity

(Prathapar and Quereshi 1999). IWMI will continagerform salt and water balances at the
basin level and to understand how basin and syseshmanagement practices can help farmers
overcome problems of salinity.

A study to assess the feasibility of reducing thegmission of malaria through water
management in natural streams and irrigation camasscarried out in a watershed in North
Central Sri Lanka from 1994 to 1998 (Konradseraktl998; Matsuno et. al. 1999). A
correlation was established between the waterdamahe stream, numbers of mosquitoes (the
vector for transmission), and human malaria casgsrted. A management routine where water
was released from an upstream reservoir for twe dayen-day intervals dramatically reduced
the mosquito population and incidence of malakarther research is being undertaken in India,
Kenya, Sri Lanka, and China to assess the chanihe imcidence of malaria using alternate
wetting and drying water-saving techniques in pauicky fields.

Irrrigation water is extensively used for non-agtiaral purposes including domestic purposes.
In Kirindi Oya, Sri Lanka it was found that onlya@li 15 percent of the irrigation water was
used in crop production (Bakker et. al. 1999; MembDick and Bakker 1999). This study of the
multiple uses of water has led to a focus on wakettity and its effect on human health,
agricultural production, and the environment.

In large areas of Pakistan people depend on iroigatater for all of their requirements
including drinking water. The domestic use ofgation water has been the subject of baseline
surveys on disease incidence, water quality, aviithaof water, sanitation, and hygiene
practices. The results will guide the implemetanf interventions to improve the drinking
water supply and sanitation of the people in thgated areas.

In Mexico a study has just been completed in onth@&ub-basins of the Rio Lerma that
assesses the effect of using untreated waste fwateran urban area in crop production. (Scott,
Zarazua and Levine, forthcoming). Contrary to exgigans the farmers prefer the waste water
as it provides ample nutrients making the applocatf chemical fertilizers unnecessary. In this
instance the waste water carries no heavy metdissahus not a threat to human health. An
ordinance in Mexico requires cities to filter theiaste water which will result in a significant
cost to farmers.
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New Insights: Institutional Reforms

Scientists conducting research on water managehnasetiong been frustrated by the lack of
interest among irrigation agencies in adopting mepd management techniques. However, with
the growing scarcity and competition for water &dget constraints facing many countries,
there is mounting pressure for institutional referm

Irrigation management transfer (IMT) involves thansfer of authority for management from
government schemes to private user groups. IMTbkasme a major policy focus on many
countries around the world, but there is enormaugtion in the scope, speed of
implementation, and level of required support t&kenBMT successful. A major conference on
IMT co-sponsored by IWMI and FAO was held in Wuh@hjna in 1994 (Johnson, Vermilllion
and Sagardoy 1995) IWMI has analyzed IMT expegandVexico (Johnson 1997; Kloezen,
Garces-Restrepo and Johnson 1997), Columbia (Menmand Garces-Restrepo 1998) and Sri
Lanka (Samad and Vermillion 1999a & b) and traggexjress in several other countries. Even
in Mexico where the reforms have been most extensnere is as yet little evidence that
reforms have led to increased water productivibhO and IWMI have published@uidelines

for IMT based in large part on the past decade of IWMEgarch (FAO and IWMI 1999).

There have been a number of other IWMI studiesdmguon institutional development and
reforms. These include work in Egypt (Perry 199%ridy 1998), Niger and Burkina Faso
(Abernethy and Sally 1999), Pakistan (BandaragodaRehman 1998; Bandaragoda 1998;
1999), and Sri Lanka. With the exception of Bggach of these studies covered a period of
about five years and emphasized local participatias worth commenting briefly on the
‘action research’ programs in Pakistan and Sri lbank

In the Punjab and Sind Provinces in Pakistan 2G@meser associations were established at the
tertiary level and four water user federationdhatgdecondary canal level (Bandaragoda 1999).
The research demonstrated that perceived constitaifiarmer organization — illiterate farmers,
pressure from big landowners, and a hierarchicaksp— could be overcome. The results of this
pilot study has encouraged the higher political polkity planning levels in Pakistan and the
donor agencies to replicate these institutionalrras on a wider scale.

The Shared Control of Natural Resources (SCORggravas designed to assist the
Government of Sri Lanka to identify, develop, areddf test novel management models for
increasing the sustainable productivity of natueaburces — mainly land and water — in a
watershed context (SCOR 1999). Research was ctauuctwo watersheds in northern and
southern Sri Lanka with the emphasis on sharedaldoy local user groups and local branches
of government agencies. The specific mechanismshaSCOR employed to carry out these
objectives included establishment of local resowser groups, the use of a cadre of catalysts,
financial and technical support through sub-wateddbased mini-projects, market oriented
farmer companies, and a variety of arrangementsifaring resource management
responsibilities and benefits between state aral joeople. Through its support to farmer
organizations and innovations in organizationaif®r SCOR has helped the government
consider new strategies for development and neaniecoptions for farmers.
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Despite the trend toward devolution of irrigatioamagement to local user groups, the
competition for water and shift toward a river Ipefgicus suggest that there is likely to be more
rather than less government involvement in watdcypan the future than in the past (Perry
1999). There are important areas, for exampleséaifiety of dams, flood control, drought
planning, water quality regulation, and groundwalepletion, where management at the basin,
province, or national level is of great importandéere is a growing need for water boards or
departments which can deal with the allocation afexfor irrigation and for other uses. IWMiI
is currently studying an initiative that has ledhe creation of avater councilin Sri Lanka.

A New Research Topic: Gender and Poverty

IWMI’s research on gender issues began in the 4830s. Case studies of women’s roles in
irrigated agriculture were conducted in Nepal, Buak-aso, Bangladesh, and later Mexico. The
resulting research reports and articles in intéonat journals were widely cited (Zwarteveen
1995a; 1995b; 1997a; and 1997b; Zwarteveen and aheup996). In 1996 Margareet
Zwarteveen received the ICID Award for Young Prefesals for her work.

The 1994 EPMR Team (TAC 1994) recommended thalnigtéute expand its work in this area.
In 1997 IWMI hosted an international workshopWomen and WatdMerrey and Baviskar,

eds. 1998). This led to the recruitment of a ges@ecialist and the establishment of a Gender,
Poverty and Water Project. The overall reseanchisito identify policies to provide poor
women and men with access to water. Comparaele fesearch has been initiated in Pakistan,
Nepal, India, Sri Lanka, South Africa, and Mexico.

The general pattern that emerges from IWMI's steitiethat women are heavily involved not
only with acquisition of water for domestic use higo in most instances with irrigation.
However, women are rarely involved in water usesoaiations where issues related to the
allocation of water are discussed. Women who la@eess to land and water and other assets
often make more productive use of them than mem ®&@ppen, 1999a, 1999d).

New Partnerships: Intercenter Collaboration

The Technical Advisory Committee (TAC) of the CGlAlRsignated IWMI as the convening
center for the System Wide Initiative on Water Mgeraent (SWIM). IWMI’s research has
focused primarily on the system and river basielevhere was thus an urgent need to
collaborate with other commodity and resource asrdad with IFPRI. Phase | of SWIM has
drawn more and more CGIAR scientists into the djaéoon water scarcity and has expanded
research on water beyond crops to include tresds, Wildlife, and other uses and users. The
SWIM paper series has generated a great dealeststtas reflected in particular by the request
for publications and the number of downloads onititernet (SWIM 1999).

In Phase Il SWIM collaborative projects are expedtebe fully integrated into the agreed
research agenda of the various centers involvedareteive funding through the usual process
of submitting projects to donors. The first prajecPhase Il involves collaboration with IRRI,
Wuhan University of Hydraulic and Electrical Engenig, and Zhejiang Agricultural University
in studying the impact of water saving irrigati@ctiniques in China. Other projects being
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initiated include: (i) collaboration with ICLARM ostudying the impacts of changes in the
hydrological regime on the fisheries potentialled Cambodian portion of the Mekong River,
and (ii) collaboration with IFPRI to develop andarface between economic and hydrological
models to analyze water management and allocatmivigms in the Rio Lerma Basin of
Mexico.
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1]
Irrigation and Water Resources Program

Background

It is generally recognized that new and innovaéipproaches are necessary to effectively
manage the world’s increasingly scarce water ressurA good knowledge and understanding
of water availability and water use in countriegions and river basins are essential.
Methodologies to assess the performance of irogaaind water resource systems, including
measurements of the productivity of land and watenstitute key components in this endeavor.
They not only enable diagnosis and design of imtietions but also help understand why certain
interventions are more successful than others.

Much of the past work on irrigation performance Haalt with water delivery processes. While
considerable progress has been made in developthteating performance indicators for this
purpose, new, integrated approaches are required winsidering irrigation in the broader
context of different uses and competition for watéhin basins. Greater emphasis has to be
placed on measuring the productivity of water, andeeking ways to assess the value of water
in multiple uses and to improve basin water progiigt The notion of ‘more crop per drop’ has
steadily gained acceptance as an appropriate wayposéssing this paradigm.

More crop per drop can be achieved in a numberayksw(a) increasing crop production, (b)
reducing water consumption, or (c) a combinatiothefabove. Improvements in crop
production can be realized through use of improxerteties, better agricultural practices
including use of fertilizers, and by reducing wagtess during key crop growth stages. IWMI
hypothesizes that reliability of supply encouragesater farmer investment into crop
production. Reducing water consumption necessitaggter irrigation practices such as the
application of limited quantities of water in thené and amounts needed to increase overall
water productivity without adverse impact on croglg. IWMI's attention is focussed on
minimizing water used for crop production and oarpoting better water management and
agriculture practices with a view to improving cnaduction.

A major problem faced in operationalizing the IWpdradigm is the absence of consistent
methodologies and performance indicators to acclaunwater and compute its productivity.
Clear definitions of water productivity are requir® enhance communication — whiotop and
which drop are we talking about? For “drop” we can speawater diverted to a use, or water
consumed or depleted by the use. A basic quesstioow much productivity was gained per

unit of water depleted from a basin, where deptetinzludes evaporation and flows to sinks. On
the “crop”, or production side — the numeratorhad tvater productivity equation - we can speak
of physical mass of production such as the amotkitagrams produced. Alternatively,
productivity can be related to the value of wategsing valuation, the concept of water
productivity can be generalized to cover varioussusf water within a river basin.

As a first step to address this challenge, IWMIaleped a water accounting procedure that
enables identification of opportunities for impnogiwater productivity in a river basin. This
procedure also allows us to classify basins as,apesing, or closed, depending on the degree
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to which there is utilizable outflow from the basifihe next step is to value the water used for
different purposes. Research on this issue isaamggnith an interdisciplinary team working
closely to value the water used for non-agricultptaposes such as drinking, industries,
fisheries, forest, and environment.

IWMI also uses techniques such as Satellite Re®etsing (SRS) and Geographical
Information Systems (GIS) to overcome problemsteel@o the non-availability and unreliability
of data, especially irrigated areas under diffeoeaps and their consumptive use (see next
section).

Hence, there remains considerable scope not onlyoftecting, analyzing and providing
performance-related information, but also for depeig and disseminating practical tools for
improved management of basin-wide water resources.

Program Focus

The Irrigation and Water Resource Program was fdrimé.999, incorporating over most of the
activities of the Institute’s former research pargron Performance and Impact Assessment and
some from the former program on Design and Openrstid Irrigation Systenis The new

program is driven by the following principles:

* Need to develop and apply innovative and integrafgatoaches for managing increasingly
scarce water resourcesg., irrigation in the context of water basins adlimlder water
management systems.

* Need to understand the status of water use in $asid countries, and to identify ways to
improve the productivity of water in basiresg., water accounting procedures.

®* Need for methodologies to assess performance amadierstand reasons for success or
failure of designs, management practices and iatgions:e.g., performance indicators,
determinants of performance.

* Need to document impacts of interventioas., ex-post analyses.

Work within the program is conducted at three Isysystem, basin and global. In particular, it
aims to:

® contribute to improving irrigatiosystemperformance by:
- developing and applying performance measures, and

- promoting affordable and effective technologies arahagement practices to
improve land and water productivity, reduce poveatyd promote sustainability..

® study interactions between irrigation and othesugfevater within rivebasinsand promote
adoption of performance-oriented approaches inntgn& management of water resources;

® acquire, analyze and disseminate information oremrasources onglobal scale.

2 Activities focussed on information technology, dndiraulic and hydrologic modeling were transfen@the new
Applied Information and Modeling Systems prograrhjck also came into existence at the same timéaciey the
former Design and Operations research programmeeesection.
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System Level Achievements

Indicators for Performance Assessment

Performance assessment has been a long-standengsinof IWMI from its early days (Merrey
1997). Throughout its existence, IWMI has beethanforefront of developing and applying
methodologies for assessing irrigation performantith increasing scarcity of water,
measuring the productivity of water resources gauably a more important indicator of irrigated
agricultural performance than the productivityarfidi, especially in situations where water is the
most important limiting resource. Unfortunatelgsearchers tend to develop their own
indicators to describe the performance of irrigagdculture, thereby making it practically
impossible to compare performance across systém&sponse, IWMI has developed a set of
indicators that relates output of irrigated agiigrd — crop production -- to inputs of land and
water (Molden et al. 1998). These indicators emabimparison of performance among systems,
including analysis of temporal and spatial variasievithin one system as well as among
different systems (Sakthivadivel et al. 1999a; Sigeare 111-1).

IWMI's indicators have been used in various coestrincluding Sri Lanka, India, Mexico,
Nepal, Colombia, and Burkina Faso, for diagnositervention analysis, and as a routine tool for
monitoring performance at the project level (GarRestrepo and Mora 1997; Kloezen and
Garces-Restrepo 1998; Sakthivadivel and Gulati L997database to store and analyze the
results of applying and field-testing the indicator over 50 schemes in 22 countries over
various periods of time has been built. A six-fe&tiation in gross value of output per unit of
water consumed by crop evapotranspiration was wedexcross sites, thus demonstrating the
scope to increase productivity of water, or cropgep, in irrigated agriculture.

Data continue to be collected, and analyses arggh#idertaken to determine how different
types of irrigation systems, climate and otheratalgs affect irrigation system performance. At
the 17" ICID Congress held in Granada in September 199®erian 100 participants drawn
from 50 countries took part in a half-day workshuop'Performance Assessment of Irrigation
Systems’. There was keen awareness and interestgaparticipants to discuss, debate and
learn more about performance assessment and IWidifermance indicators, which augurs
well for their further adoption.

Guidelines for Performance Assessment

Performance assessment is of course more thaorgysper drop in agriculture. It also involves
diagnosing problems and assisting irrigation marsageroutine operations. IWMI has made
significant contributions to the development of cepts and methodologies in this direction.
Performance assessment procedures developed by iBdirkina Faso (IWMI 1996) were
widely disseminated among irrigation practitionansl policy-makers in the country, and have
actually been applied in at least one large-scetgation scheme in the country (Dembélé 1999).
A publication entitled ‘Fostering performance-otigh management in irrigation schemes’,
based on 4 years of field research conducted by IAfdd national and international partners in
Asia, Africa and South America, is almost complg@MI forthcoming). This provides
guidance on the use of various performance assessmiécators and methodologies, depending
on the purpose of assessment, who the assessni@ntasd from whose perspective it is carried
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out. IWMI participates in the ICID Working Groum drrigation and Drainage Performance, and
its staff is taking a lead authorship role in prapgICID ‘Guidelines on Irrigation and Drainage
Performance.’

Impact Assessment

The use of IWMI'’s indicators for intervention angily has already been referred to above. The
use of a more rigorous approach for assessing ispagpecially applicable when time-series
data is available, was demonstrated by Amerasieghé (1998) and Murray-Rust et al. (1999).
In the former paper, time-series intervention asialyvas used to assess the impacts of
rehabilitation interventions, using a selectedo$gterformance indicators as dependent
variables. The latter study focussed on assessengrtpacts of institutional interventions on
different secondary units, as well as on the system whole (see section VI). The methodology
used is ideally suited to assess impacts in sttnativhere some of the intervention inputs are
non-quantifiable and allows separation of long-téampacts of different kinds of interventions,
provided that time-series information of sufficiéemgth both pre- and post-intervention exists.

Design and Operations

In performance assessment, it is natural to thfrdugputs such as yield, income, or crop or jobs
per drop of water. It is also useful to think abtihé irrigation designs and processes that lead to
these outputs. IWMI continues to contribute toensthnding these concepts and their
interactions. An on-going debate in the fieldrofgation design and operations concerns the
need for flexibility versus the need for simplic{ilusquellec, Burt and Wolter 1994). Should
the drive for increased performance result in iasnegly complex designs that generally afford
operators more flexibility? Or are there altervatapproaches? How is one to ensure that
management, organizational and institutional aspa@ also taken into consideration in
irrigation design, and not only the usual technarékria? IWMI published a book with
Wageningen Agricultural University (Horst 1998) aglsking just such issues. The book
presents arguments for simplicity in design to mileetask of operations easier, and also
provides guidance on the design of irrigation syst@riented to human and management
factors.

A series of studies to analyze the sensitivity@ffgrmance of various canal structures to
variations in the settings of the structures andr&wlic inputs shed further light on this question
(Renault and Hemakumara 1999; Renault 1999). Tipadts of perturbations could be ‘upward’
(i.e., effect of flow variations in dependent canah the discharge diverted from the parent
canal) and ‘downward’ (i.e., effect of upstream evatepth variation in the parent canal on the
offtake discharge) .The results of these studieledimed the importance of understanding the
interactions between design and management o&iioig systems, as greater effort is required to
manage structures that exhibit more sensitivity.

One of the difficulties facing almost everybody wiog in irrigation from researchers to
managers is the variability within and across atign systems. Because of this variability, it is
difficult to develop and apply a single design perational strategy that works for all situations.
To simplify this fairly complex situation, a typapw of irrigation systems was developed to aid
in irrigation systems operations (Renault and Ggddta 1999). Criteria for distinguishing the
main characteristics at four conceptual levelstesysand structures, networks, water, and
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consumer, were proposed. Using these conceptsitedtith simulation modeling it was
shown how operations could be improved in Sri Laftkadaliyadda et al. 1999), and how
modernization of operations should incorporatedtwmsicepts (Renault and Makin 1999).

IWMI has also been working on the application ohote sensing for cost-effective performance
assessment of large irrigation schemes. Thisssudsed further in the next section.

Salinity in Irrigated Agriculture

Salinity is a major threat to the sustainabilityiroigated agriculture worldwide. IWMI has
contributed to the understanding of the problemtaridentifying ways to address this issue. A
comprehensive review of the causes of irrigatiatuced salinity, particularly in developing
countries, was carried out (Kijne et al. 1997) hkely remedial management measures
including technical, system-level and policy-lewrgkrventions have been identified. These
include construction of drainage facilities, impedvmaintenance of irrigation infrastructure, on-
farm watercourse improvements, precision land-lagewater and power pricing, and
incentives for land reclamation. Kijne (1996) arakthivadevel et al. (1999b) reviewed previous
studies and performed detailed analyses of watésalt balances in Pakistan and Northwest
India. Both studies concluded that because ohisglipresent water management practices are
not sustainable. However, modeling studies cawigcht the farm level demonstrated that even
using deficit irrigation it is possible through ingped on-farm water management to manage
waterlogging and salinity (Prathapar and QuresBB)9

A major study of salinity in five major arid-zonwer basins of the world (Aral Sea, Colorado,
Indus, Murray-Darling and Nile) has just been cadeld (Smedema forthcoming). It was
observed that while all the rivers in these bashmwved increasing downstream salinity levels,
there were considerable differences in the magaitidhis phenomenon from basin to basin.
These differences are broadly attributed to thesgglay characteristics of the respective basins
and how they are managed. Measures to contral salanity are discussed together with the
attendant technical, organizational and institiglomplications. Specific reference is made to
changes in current water use practices. IWMI wahtinue to perform salt and water balance
studies at the basin level, and to understand lrasintand irrigation system level management
practices can help farmers overcome problems ofisal

Basin Level Achievements

Development and Application of Water Accounting Rexlures

A water accounting framework to measure the usepaoductivity of water at field, system, and
basin level and to assess the value of water itipleiuses has been developed (Molden 1997).
The procedure, including the use of a consistantfsgefinitions, is being applied in
collaboration with national partners in large anthl basins around the world (e.qg., in India,
China, South Africa, Pakistan, Sri Lanka, Mexicgypt and Turkey). Levels of water scarcity
have been identified (closed, closing and opemisasind water productivities of irrigated
agriculture have been computed. The methodologyhaven to be robust in that it can be
applied to many differing situations. For exampieiltiple uses of irrigated water and their
values have been accounted for, and indicators Ibese defined to give information on the
productivity of water in the Kirindi Oya basin imi&anka (Bakker et al. 1999). It was shown
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that the irrigation system supplies water not dohthe farmers’ main fields but also for
domestic purposes, home gardens, livestock, tresther perennial vegetation. Furthermore,
water is being transferred out of agriculture teetrtee growing demands from other sectors, but
often without the consent or compensation of faewéth irrigated land and water rights.

A related water balance study was carried outenstime (Kirindi Oya) basin in 1998 to
determine the use of water by agricultural crops @erennial vegetation (Renault, Hemakumara
and Molden 1999). The most striking finding ofststudy was that perennial vegetation
consumes more water (55% of total annual evaparatian crops (28%). This study also noted
that about 20% of water flows to the ocean. Basethese and other findings, the Sri Lanka
Irrigation Department realized that there is indgeght scope for water savings and has recently
tightened its management in cooperation with fasn&chieving positive results.

In contrast, case studies from Bhakra commanddjithwest India) and Chishtian sub-division
(in Punjab, Pakistan) showed that in both casesiate of beneficial utilization of water is
already high. The studies concluded that the stmpeater conservation in large closed basins
such as Bhakra and Chishtian is limited becausadyr, most of the water is consumed for crop
production. Efforts should therefore concentratensproving the productivity of the depleted
water (Molden, Sakthivadivel and Habib 1999; sebl@#l-1). The beneficial utilization figures
indicate that at Bhakra and Chistian there ielgttope for water savings. The water
productivity, both in terms of available water gret unit evapotranspiration, shows that at
Chistian there is apparently scope for improvingewaroductivity per unit of water, even
though there is little scope for saving water.

Table IlI-1. Water use and productivity in Bhakra and Chistian

General

System Name Definition Bhakra Chistian
(unit)

Command area (ha) 1,503,000 70,590

Cropping intensity | (%) 196% 147%

Water Use indicators

Beneficial Beneficial Depletion/ | 0.86 0.89

Utilization Available water
(fraction)

Productivity indicators

Land Productivity | SGVP/unit command| 1,428 586
area (US$/ha)

Water Productivity] SGVP/Available water| 0.15 0.06

per available water for irrigation

for irrigation (US$/m3)

Water Productivity] SGVP/Eta 0.17 0.07

per process (US$/m3)

consumption

SGVP = Standardized gross value of production.
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Work has also been initiated in respect of valuhregwater used for different purposes; the
results of a recently concluded study at KirindieQ$ri Lanka that computed the values of water
for fisheries and agriculture is being reviewedgablication (Renwick et al. forthcoming).

Reuvisiting Traditional Concepts of Efficiency and &er Savings

By properly accounting for water flows in a riveadin, pertinent insights into productivity and
water savings, and concepts of efficiency can beld Traditional concepts of irrigation
efficiency have been challenged (Seckler 1996;dfealt al. 1996; Perry 1996; 1989)rrigation
efficiency typically relates the volume of watemnleécially used (i.e., crop evaporation) to the
amount of water diverted to a use. Two major pFotd have been noted. First, increases in
efficiency at a local level often do not lead tat@rasavings at a basin level. Second, increases in
efficiency defined in this manner are not necebshsgtter. For example, higher evaporation

with the same diversion may lead to environmenggrddation, or water may be evaporated by a
less beneficial use than it could have been. Dmeept of beneficial utilization of available
water, or basin efficiency derived by Molden andt8aadivel (1999) relates the amount of
water depleted by various uses as evaporatiorwsfto sinks that is deemed beneficial, to the
amount of water available for use in that basihisTives us a physical indication of the scope
for additional beneficial use, and an indicatiorhofv well water is being used. It does not tell

us how beneficial each use is, hence the needfordacator of economic productivity or value

of water.

Related to this, conventional ideas of water sawimave been challenged. If we could save
water in irrigation, these savings could be tramefto another more desirable use such as more
irrigation, domestic, industrial, or environmentige. Such transferable savings of water are
known as “real” water savings. Unfortunately, sawvater at the field level does not always
lead to this type of savings. If return flows framgation can be reused, this reuse water cannot
be counted as saved. In many river basins thrautghe world, the fraction of water supply
depleted by evaporation and flows to sinks is \egh because of reuse, and there is little scope
for saving watet Water accounting as presented by Molden anchBaidivel provides a

generic means to identify ways to save water aackase its productivity (see Figure 111-2).

An on-going project in China in collaboration witie International Rice Research Institute
(IRRI) and Wuhan University of Hydraulics and Elezl Engineering (WUHEE) aims to
understand how on-farm water management practicaiseonating wet and dry irrigation lead to
water savings at a larger sub-basin scale (seeSaistoon VIl). The concept of ‘hydronomic
zones’ (Molden, Sakthivadivel and Keller, 1999) wlaseloped as a simple means to locate
places where increases in local efficiency do iddead to real water savings. On-going
research is being carried out to apply this procedw a variety of situations.

® This has become increasingly accepted, althouightditficult to attribute this acceptance entiredylWMI. It is
also interesting that even though these concepta sbvious to us, we still debate this at lengtthwiater
professionals.

“ At the September 1999 ICID Congress in Spainsk fiarce that included an IWMI staff member wasried to
study the issue of “basin efficiency”. In the firseeting it was noted that the scope for wateinggswvas quite
limited in many major basins including the Yellae Indus, the Ganges during winter, and the Cdtmraurther
work will be done to quantify this situation.
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Figure IlI-2.

*reekkkekk include water productivity improvements finger digggn (1 page) **x** ks
(Doug:. Hard copy of this figure is being suppliezh separate sheet — leave allowance for this
in page numbering pls.)
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Cascade Tank Systems

A methodology for planning interventions in cassadésmall reservoirs (tanks) was developed
and applied to the watersheds of Sri Lanka’s dnez@akthivadivel, Fernando and Brewer
1997; Jinapala, Brewer and Sakthivadivel 1996; I8astlivel and Brewer 1999). This
methodology enables planners to use local knowléalgenerate hydrological data in a highly
efficient manner where few hydrologic monitoringalaxist. Both hydrological and socio-
economic data are integrated in the evaluationpaioditization of water development proposals
through a participatory process with the water sis@ihis methodology has now been adopted in
two major donor-funded projects in the North Cerfravince of Sri Lanka (IFAD, which
supported the original work, and World Food Progra) and has significantly increased the
effectiveness of government investments to redoeeny through improved productivity of
water. Recently, an NGO in Tamilnadu, India, calleHAN Foundation”, has also adopted this
methodology on a 58-tank cascade. DHAN is alsdighibg a journal called “Tank Cascades”
to popularize the methodology and its applicatiorarious agro-ecological settings.

Global Level Achievements

Global Water Supply and Demand

Water supply and demand projections over the 1925 deriod for about 120 countries were
done using a new methodology that enables ideatifin of the nature and extent of water
scarcity (Seckler et al. 1998). This approached#ffrom most food projection studies in that it
directly incorporates estimates of water use. Adicy to this study, around one-third of the
world’s population in 2025 (around 2.7 billion pé®pare expected to experience ‘absolute
water scarcity’ at that time, even with substantateases in the productivity of water use.
Available water resources will not be sufficieneawo maintain 1990 levels of per capita food
production from irrigated agriculture, while meegtiwater requirements for domestic, industrial
and environmental purposes. The implication fahstountries is that water will have to be
diverted from agriculture to other sectors, resgliin reduction in domestic food production and
increasing food imports. Another group of courgtreinvolving about 400 million people — will
face ‘economic water scarcity’; although they pgsssedequate water resources, massive
investments in water resource development willdzpiired to meet their water demands.

Recognizing that aggregate country-level infornratizasks significant regional variations, this
study has also been extended to specifically laak-aountry spatial and seasonal variability.
The analysis of Sri Lanka conducted by Amerasinyhduwatte and Sakthivadivel (1999)
clearly brought to light the fact that at leasti&ricts already experience absolute water scarcity
either seasonal or year-round, although nationadtistatistics indicate no serious present or
future water scarcity. More districts are expedtednter this category in 2025 and this situation
could have a serious impact on the country’s fuftaoel production. However, it is shown that

if the irrigation sector efficiency in 2025 is ddelthe current level, the resultant water savings
in the agriculture sector will be more than adequatmeet future additional demands of other
sectors. But the big unanswered question, wittomigjplications for the country’s food and
development policies, is whether the country haditrancial and institutional capacity to
actually attain the high irrigation efficiency segio.
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World Water Vision 2025

In continuing the above work on water supply anchaed, IWMI has made important
contributions to the development of the World Watesion 2025 to be discussed at the Second
World Water Forum in the Hague in March 2000. dHaboration with its partners (the
International Food and Policy Research Institu& RI], Stockholm Environment Institute, and
others), IWMI has specific responsibility for theat®r for Food and Rural Development
component. An interactive policy-dialogue mode€DMUM, was developed for this purpose. It
estimates future food needs and water requiremieatis,globally and country-wise, taking into
consideration various scenarios of population,, dighate, yields, trade, and water use in
irrigation, industrial and domestic sectors. POBIllbas been particularly useful at country
level to facilitate discussion during the Visioreesises. IWMI staff have made approximately
30 presentations of PODIUM at various meetings.a@fobal scale, results show that even
assuming reasonably good increases in the prodiyadiwater and in basin consumptive use,
there will still be a need to develop more wate2B25 to serve irrigation, domestic, industrial,
and environmental needs.

There are alternative scenarios that could takeepl®n a pessimistic side, if we cannot build
the storage required to develop more water an@iémcontinues to be poorly managed in many
areas worldwide, and trade does not increase greatrage nutritional levels may actually
decline from the present. On the optimistic stdere are opportunities to improve the
productivity of land and water resources. Inddsdgreatly improving the productivity of water
in agriculture, it maybe possible to overcome teedhfor much additional storage, and the
strains of water scarcity will be lessened. Thia tremendous task but this alone justifies the
relevance of IWMI's research.

Directions for Future Research

There is scope for increasing productivity of watemany cases through better water
management. Therefore, one important exerciseb@itb find the key determinants of
productivity, and to understand better how watenagg@ment efforts can make a difference.
This will allow us to provide good scientific infmation on targeted interventions.

Our views on performance of water resource use haee at a bulk or aggregated level. We
need to disaggregate further, and find out how petdity can be increased in a manner that
best serves poor people and disadvantaged gr@&giter serving this group of people may
indeed hold the key to improved productivity inaggregate sense.

We will continue to study the interaction of irrtgan with other uses, including the environment.
This will involve improvements in techniques of wation, measurements of who uses water,
and modeling various scenarios.

Smallholder water management systems, includingmervesting and supplemental irrigation
in dry areas, are a new thrust for IWMI. Therpassibly large potential to improve water
resource use outside of large irrigation commaedsr Right now, we do not know the global
potential for these systems, but in the near fuieeshould get a better idea.
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How groundwater is managed will be vital for susadility and productivity. On one hand,
groundwater is being heavily depleted in many ar&se need to address this problem,
understanding better how it happens and its ocooereand develop strategies to remedy the
situation. On the other hand, there is great pgiatieto use groundwater as storage that is
untapped. This relies on groundwater rechargew-dmwe get more water into aquifers so we
can use it later?
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\Y;
Applied Information and Modeling Program

Introduction

With the broadening of IWMI's research to includéegrated water resources management in a
basin context, the Institute has increasingly tdriwenew technologies to support this expanded
mandate. In 1999 IWMI’'s Governing Board identifieformation technology (IT) as being of
equivalent importance to water resources manageasegenetic engineering is to the plant
sciences. It was partly this recognition that prtedpghe recommendation to restructure the
research programs in 1999. As part of this exerdis and modeling activities were brought
under the Applied Information and Modeling Systd@iVS) program.

The mandate of the AIMS program is to conduct basit adaptive research, with special
reference to applying information and advanced riogléechniques to improve irrigation and
water management. The program also actively segbsrtunities to apply the tools and
techniques developed by IWMI with partners in NA&®I implementing agencies, such as
irrigation and water resource management agenéiasther important task for the AIMS
program is to provide support to IWMI’'s other resbaprograms in the application of
information and modeling techniques.

The AIMS program’s current focus is in three breaeas of activity:

¢ Advanced information technologies and remote sgnsin
¢ Modeling systems
¢ Statistical techniques and data management.

The first EPMR (TAC 1994) was critical of the rélaly restricted use of information
technologies at that time. In the intervening pethe use of IT and more advanced modeling
and analysis techniques has expanded rapidly.

Advanced Information Technologies and Remote Sengin

Over the past 30 years satellite remote sensingffered new opportunities to researchers and
practitioners in many fields related to naturabrese management. However, although the
potential for applications in hydrology and watesrmagement is immense, the uptake of the
technology beyond research studies has been disdipgo With new satellite systems
becoming available and a decreasing trend in teeafaaw data, IWMI believes that there will
be greater opportunities to bring these technit@sanagers of water resource systems, thereby
enabling significant improvements in resources rgangent. Moreover, reduced national
investments in basic meteorological and hydroldgiesa collection in many countries results in
fewer observation points and increasing delays éetvwobservations being made and data
becoming available for use. IWMI's work relatediméormation technology (IT) and Remote
Sensing broadly covers the following three areaysirf{igation system performance assessment,
(b) basin scale studies, and (c) evapotranspirastimates.
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IWMI's use of remote sensing commenced only regemthd started with the irrigation system
performance assessment. Since 1996 IWMI has h#ktarating with international and
national partners in a number of countries to itigage new applications of remote sensing.
Advances have been made in irrigation system padoce assessment for large irrigation
systems, such as those in India, Pakistan, EgggdtTarkey (Thiruvengadachari and
Sakthivadivel 1997; Bastiaanssen et al. 1999a, i 99fogers and Kite 1999). More details of
work carried out in this area are reported underthgation and Water Resources program. A
measure of the impact of IWMI's and its partnershis field is a recent request to apply
techniques developed for mapping evaporative fsadti Pakistan, to the irrigated areas of
California.

Using satellite data, information on vegetation signcan be obtained for spatial variation in
land cover, water use, crop performance, or evapdpiration. Here an example using Landsat
satellite data is applied to a major irrigation saime in Gediz Basin, Turkey.

Remote sensing techniques combined with Geogrddhicamation Systems (GIS) and
hydrological modeling have become powerful perfatoeassessment tools. IWMI, together
with national partners in Sri Lanka, India, Pakistiurkey and Mexico and an international
collaborator (International Institute for Aerosp&grvey and Earth Sciences, ITC, Netherlands),
has applied these advanced technologies to aseepsoductivity of land and water, and the
effectiveness of water management practices igaition systems and river basins. Remote
sensing provides objective data that can be agtpega disaggregated over various scales to
provide information that is difficult to obtain f[gyound studies.

Remote sensing studies have been carried out ia imghartnership with the National Remote
Sensing Agency of India. These studies have detrated that many parameters such as crop
yield, evapotranspiration, irrigated area and igifigrcan be obtained and applied through remote

® This has required IWMI to invest quite heavily iartiware and software systems to enable the matipukand
analysis of this type of data. Also IWMI has hadrteest in new staff and training for the staffigagd to the tasks.
Most RS data sets are too costly for routine userlgation and water resources departments, ath@pplication
of the techniques would often provide highly ca$e&tive solutions to survey and performance assens
problems. IWMI has emphasized the use of relatiiexpensive sources for remotely sensed data.
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sensing, thus providing a way to understand hovemrasources are being used and to identify
areas where improvements are possible. Specifichlysatellite remote sensing study has
provided information on the wheat productivity ahtl and water for a season on the 1.2 million
hectare Bhakra irrigation system in Haryana, noestern India on 30m x 30m pixel basis at a
unit cost of US$ 0.03 per hectare. The study lksdemonstrated that crop consumptive use of
water on a seasonal basis can be estimated usingplst NOAA images and standard climatic
data from a meteorological station at a unit cé18$ 0.01 per hectare. Combining the
measures of yields and crop consumptive use gavprtdductivity of crop evapotranspiration

for the whole command area (Bastiaanssen et afat ®akthivadivel et al. 1999b). A case study
of the Bhadra command area in Karnataka, India detnated the use of remote sensing as a
tool for measuring the impacts of interventionswas shown that productivity and irrigated area
improved immediately after intervention, but deelinagain (Sakthivadivel, Thiruvengadachari
and Amerasinghe 1999).

The expansion of IWMI’s research focus it@sin scaleinteractions has resulted in the need

for basin-wide data, often available from derivesl #Rata. The basin-scale Semi-distributed Land
Use-based Runoff Processes (SLURP) model, adogtBdldI, makes extensive use of

remotely sensed data to provide mapping of surdagers and to infer land use and types. The
value of combining remotely sensed data, grountth tad appropriate modeling capabilities

was demonstrated in the study of the Gediz Basiruikey. The extension of the Gediz Basin
modeling into the Kucuk Menderes in just three mhemnwas made possible by the use of
remotely sensed data and access to public domtarsdss. This illustrates that a combined use
of RS and public domain data sets can be an atftioeechanism for enabling first
approximations of water resources at basin scaler(lix, Kite and Droogers 1999).

Field-level observations @vapotranspiration are reasonable well developed, but there is a
clear need for larger-scale estimates, such aassat kevel. IMWI has developed and promoted
techniques for using IT and RS to obtain thesenedéis. Four practical applications of the
developed techniques are now in the process ofls&opted in Sri Lanka (with the Sri Lanka
Meteorological Department and the Mahaweli Auth)rand Pakistan (Water and Power
Development Authority and Indus Basin Irrigatiorsg&m). With an irrigated area in excess of
15 million ha, Pakistan’s Indus Basin Irrigations&m is the largest irrigation system managed
as a contiguous unit.

In addition to these more practically oriented agsk projects on evapotranspiration, IWMI took
the lead in a more basic research project to coenglifflerent methods to estimate
evapotranspiration using RS. Field measurememsjlation models and remote sensing
techniques were used to estimate evapotranspirasiolg a common data set. Results and key
conclusions were made on the comparison of thenasts and on the applicability of each
method. The variation in estimates between thewfft methods was significant, indicating the
difficulty in obtaining accurate values for evaotspiration. Field methods are labor intensive
and give only values for specific sites. Modelsalvke to give estimates in a high spatial and
temporal resolution, after a proper validation andalibration. Remote sensing techniques are
very useful to cover large areas. Several resegalps from all over the world contributed to
this study and the result will be published in ofh¢he leading journals in hydrology (Kite and
Droogers, 1999a).
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Future Research

Remotely sensed data are widely recognized as ginamendous potential for application to
water resources management. As noted above, thkeupas been slower than this potential
suggests should be the case. Some of the slowrssberdue to RS technologies not measuring
the parameters of direct interest to water resaguresearchers and managers. In general,
empirical regression techniques are used to ihieparameter of interest from the observed
data. However, extrapolation of these results @ aeas is problematic and hence application
of the techniques to new areas often requires mesearch and empirical studies.

IWMI is not planning to develop an extensive basgearch program in the physics associated
with remote sensing. There are numerous laborattheg are better placed to undertake this
research. However, IWMI is well placed to join iarmerships with these organizations to
identify the shortcomings of existing techniqued develop applications to satisfy new needs.
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The basin scale model SLURP was used to calcdiatproductivity of water from yields and
transpiration for irrigated, non-irrigated as wedls non-agricultural land use, for the Gediz
Basin in Turkey

Modeling Systems

IWMI's early use of modeling was in the developmantl application of decision-support tools
in support of irrigation system management. Stgrtrom the hydrodynamic flow simulation
model of the Kirindi Oya Right Bank Main Canal in Banka (Baume et al. 1993), modeling
has become an important component of a number dflI8\fesearch activities. IWMI has
developed and applied modeling systems at varicaies, extending from individual fields,
through irrigation schemes and river basins toomati and global policy models. These models
include detailed simulations of physical processdbe soil profile, hydrodynamic simulation of
canal systems, and advanced hydrological modeisafbasins. Some examples of IWMI’'s
achievements are discussed at the global, basgation scheme and field level.
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At theglobal scale, the IWMI Policy Dialogue Model, PODIUM,bging used extensively to
facilitate national and regional consultationsha formulation of a global vision of Water for
Food and Rural Development, in preparation fordaVorld Water Forum in the Hague during
March 2000. The model, discussed above in sectipis Fecognized as an important tool to
generate a range of scenarios that provide a qatwi basis for dialogue and discussion in
formulating the Vision (IWMI 1999a; Seckler et 4098).

IWMI's use of models has accelerated following &x@ansion of the Institute’s mandate to
include irrigation in thdasin context. IWMI has used the SLURP (Semi-distributadd Use-
based Runoff Processes) hydrological model to sitawdliternate management and development
scenarios in the Gediz Basin in Turkey (Kite andders; 1999b). The basic model had to be
modified to enhance the simulation of irrigatedi@agture and was used to investigate alternate
basin development scenarios and the impact onwignial production of changing water
allocations to protect the Kus Cenneti wetland areportant as a Ramsar convention bird-
habitat (Voogt et al. 1999). SLURP was also apjicethe neighboring basin, without
modification and without ground based calibrati@tad The results of this first-approximation
simulation proved to be reasonably close to obskdata. Simulation of a proposed new
reservoir indicated that the yield of the reservoight have been over-estimated by the reservoir
designers (Lacroix, Kite and Droogers 1999).

In Mexico, IWMI scientists have used simulation ralialg to investigate water allocation
decisions and management alternatives in the Rim&dasin. This enabled IWMI to develop
new understandings of the management process afte these with the agencies responsible
for the basin. For this specific case in Mexico ¢hear conclusion of the modeling activity was
that the agencies in charge of water managementdhonsider groundwater as a key topic in
their management decisions (Scott and Garces-Resi&99).

IWMI and the International Center on Living AquaResources Management (ICLARM) are
just initiating joint research on the impacts o thydrological regime on the fisheries potential
of the River Mekong in Cambodia. This will involepplication of hydrological modeling using
both available data sets and data from public gsurén addition IWMI is assisting IRRI and the
Vietnamese Water Resources Research Instituteatewesearch activities in the Red River
Basin, Vietnam. At the level of thgigation scheme, detailed analyses on changes in water
allocation, cropping patterns, and weather condtimere extensively studied for two irrigation
schemes in the Gediz Basin, Turkey. For this wtiré field-scale Soil-Water-Atmosphere-Plant
(SWAP) model was extended to take into accourthalterms of the water balance at irrigation
scheme scale. A detailed analysis of a pre-droagtita post-drought period enabled the water
managers and researchers to develop a better temirg) of and adequate responses to drought
events (Droogers et al. 1999).

Following IWMI’s use of hydro-dynamic models to &vate alternate canal and structure
designs and operational plans, use of these teobsiig now widely accepted in Pakistan. The
introduction of these techniques to the agenci¢xakistan is an example of how IWMI fulfils
an important role in capacity building to enable #pplication of tools and techniques in
practice (Habib et al. 1999). IWMI is working torabine its hydrologic based modeling work
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with economic analysis, for a more complete analg#i water resource management at the
basin scale. A team of IWMI and IFPRRI scientists produced a review of existing
hydrologic and economic models that can be apptiedarious basin level applications
(McKinney et al, 1999). IWMI has added an econarnasts staff with skills in this area. The
review argued that the basin level is the approguait of analysis for most water resource
analysis, and that the future direction is to inég hydrologic, economic, agronomic and
institutional models.

kg ha_l kg m'3
A Yield 10000 = PWirrigated
. 8000 A . 2.00
b g 6000 i, 7 1.50
£ 14 4000 ! } . ‘1
I 1.00
2000 0.50
0 2 4 6 8 10km 0 0.00

A combination of models and field data at the imtign scheme scale were used to analyze the
effect of a severe drought on yields and the prtvdtyc of water for an irrigation scheme in
Turkey.

One of the lessons that emerged from IWMI's eartyknon computer-based decision-support
tools was the lack of uptake by irrigation agencié&s this because the models were not
targeted towards addressing the real needs ohiioig managers? Or were managers not fully
aware of recent developments in irrigation andrmfation technology? This prompted the
formation of the Information Technologies for laigon Systems (ITIS) network, with the aim
of bringing together researchers and practitioteediscuss and promote the application of IT to
improve decision-making in irrigation managemeimefneetings of the network have been
held at more or less yearly interalsach one dealing with a specific theme (e.g.,emod
techniques for manual operation of irrigation canal1997; modernization of irrigation system
operations in 1998). A newsletter is also publishta similar frequency. Originally a
collaborative effort between IWMI and CEMAGREF, thend and Water Division of FAO has
joined as a co-sponsor in 1998 (ITIS Proceedingj898 and also previous years).

Modeling water management within individdilds is a new area of research for IWMI.
Simulations using the SWAP model have enabled IVEMI its partners in Turkey to gain
valuable insights into how irrigation water is mgad and used in the field. Such knowledge is
now being utilized to “build” the IWMI Virtual Farmrhe Virtual Farm will be used to
investigate the impact of alternative water manag@rstrategies on crop yields (Droogers, Kite
and Murray-Rust 1999).

®Venues and dates of meetings: Colombo, Sri Lah@83); Lahore, Pakistan (1994); Alor Setar, Malay4i996);
Marrakesh, Morocco (1997); Aurangabad, India (1998)
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Future research and development opportunities

New software development tools offer consideradiaaces in capability to develop
professional standard, user-friendly, software. IWdfortunate in the location of its
headquarters in Sri Lanka. Numerous software dewedémt companies have been formed in the
country, aimed at supporting commercial softwaneettgpment for markets in the West. We
expect to be able to capitalize on the developow pf experienced professional programmers
to support future development of software. Theséstmake it feasible to take research models
and “engineer” them into tools for everyday useMWnust be selective in which areas of
modeling it chooses to develop and support softwaots. Experience tells us that model
development is a costly exercise as is engineet@sgjng and supporting software for wide use.
Striking a balance between development of toolsired to advance research and development
of tools for general use will be an important chagje in the coming years. The IWMI Atlas (see
below) and the PODIUM model have expanded inteonatiawareness about IWMI and also
serve as vehicles to carry messages to a wideyféer new, audience.

AIMS will continue to expand and develop the apgtiicn of appropriate models for use by
IWMI researchers and water resource professiorialghe short term the focus of the modeling
group will be to extend the capabilities of thestixig range of models to support ongoing or
planned research. In addition, the applicationesfer modeling techniques (Neural Networks,
Fuzzy Logic, Genetic Algorithms and Bayesian BelNetworks) to irrigation and water
resources management will be investigated.

Statistical Techniques and Data Management

Management of raw data and processing the datatede useful information is an essential
management task. However, the links between dditaction and system management are weak
in many irrigation and water resources organizatiouch of IWMI’s earlier work on
Management Information Systems and Decision Suystems (MIS/DSS) was driven by the
need to improve the linkage between data and d@ecreaking. Furthermore, statistical analysis
of data is an important part of all research prowga AIMS provides advice and assistance on
the design of data collection programs and theyarsbf field data to other IWMI programs.

The tasks related to data management and datssenatg: (a) managing data from IWMI's

own research activities, (b) managing global daal, (c) providing support to partners and
collaborators.

Management of IWMI data is one element of the Alpt8gram. IWMI's task of managing data
resulting from its own research activities, withmsoexceptions, has not been adequately
addressed in the past. The AIMS program has coroedetie development of appropriate data
management and data processing tools for the maragef IWMI's expanding data archives,
most of which are related to IWMI’s field research.

At the global levelthe I WMI World Water and Climate Atlasas been developed by IWMI in
collaboration with the University of Utah Climateer and the Climatic Research Unit of the
University of East Anglia. The IWMI Atlas bringsgether a wide, and growing, collection of
public domain data in a common format, accessibtée first place through a purpose-built
interface, known as “Synthesizer”. Synthesizer esak broad spectrum of information
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accessible to users having no access to Geogregpbrmation Systems (GIS) or the Internet.
For users with access to more advanced GIS systiatss|ayers can be exported from
Synthesizer in a standard data interchange forilat.\WMI Atlas is a growing collection of a
wide range of water, climate and other gridded gabalucts at various temporal and spatial
resolutions. Collation of data from a range ofrses within the IWMI Synthesizer interface is
enabling new analysis methods for use by IWMI atieis. The IWMI Atlas is a public domain
tool freely available over the internet or on CDMRG5ince the release of the IWMI Atlas,
IWMI has received regular requests for copies ef$lgnthesizer Compact Disk (CD) and
associated data sets. In addition copies of théh®gizer and basic data are regularly
downloaded from the IWMI web site (IWMI 1999b).

Recently, IWMI has used the Synthesizer togethér thie gridded data from the University of
East Anglia to produce monthly Moisture Availalyilihdices for India and Pakistan. The results
show clearly in which areas there is a real needtigated agriculture and where there is a need
to focus more on drainage topics.

Wherever possible, the tools developed for IMWEBg will be made available to partner
irrigation and water resource management orgaostinrough collaborative projects. One
example of this transfer of research tools to im@eting agencies is the adoption of IWMI's
Performance Assessment database system by thetep#aof Irrigation in Nepal. After slight
modification the IWMI database is being used byDlepartment to monitor and evaluate the
performance of irrigation systems following trandfelocal management.

Future research and development activities

IWMI, through its global, basin, and system levadearch is collecting what may be the most
comprehensive set of irrigation related data tkete for the world. We are increasing the
information on irrigation systems; we have more arade data on specific river basins; through
the World Water and Climate Atlas, we have a commgmnsive climate database; and through the
supply and demand work have assembled an enormousd of data on global water resources
and its use. For these specific activities, we eahtinue to assemble data and organize it for
our own use. We will also publish this data sait be useful to a larger audience.

More and more public domain data will be appliedvater resources management. IWMI now
has substantial experience in this, as a proviflpublic domain data (Synthesizer), as a user
(Kucuk Menderes study, Turkey), and as a combirsed/provider (PODIUM). IWMI will
continue and extend these activities, focussintherapplication of these data and the often
required transformation from available data towastgpiired data.

IWMI needs to invest time and resources to estalolega management protocols and common
storage systems to ensure field data can be utitzé¢he fullest extent possible. Whilst
developing IWMI’'s own data management proceduresMiMS program will seek
opportunities to develop data management systethsNMARs and Irrigation Departments to
ensure compatibility. Where possible IWMI will &g@ use existing, commercially supported,
database systems and will only develop new systemes other alternatives are unavailable or
prohibitively expensive.
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\Y
Health and Environment Program

Background

In 1985, a year after IWMI (“lIMI” in those days)as established, a workshop was organized at
headquarters in collaboration with the WHO/FAO/UNE#&hel of Experts on Environmental
Management for Vector Control (PEEM). The follow-io that workshop took 6 years to
materialize and consisted of a joint IMI/PEEM massto some South Asian countries in 1991.
The mission suggested a research agenda for ttiit@sbut at the time there was insufficient
interest from donors, and the collaborating insittus from the agricultural and irrigation side
also could not provide enough support and allottegeequired resources.

The First External Program and Management Revid®ME) (TAC 1994) recommended that
the Institute should pay more attention to envirental and human health issues related to
irrigation. Specifically, vector borne diseasagoghemical use in irrigated areas, and
downstream environmental impacts of irrigation wakentioned and it was suggested that these
be taken up as part of the proposed system witlatime on water management (SWIM).

In the same year as the EPMR, Danida posted Fleghkonradsen as associate expert to [IMI.
He initiated research on health and irrigation vaitstudy on the transmission of malaria and its
control through water management in a traditioaaktbased irrigation ecosystem in the dry
zone of Sri Lanka. At the end of 1996 a formal feahd Environment (H&E) Program was
established with a mandate for global researcmemr@nmental health issues in relation to
irrigated agriculture.

Research on water management for the control dbvéorne diseases, especially malaria,
remained the core activity of the H&E Program andiies have since been done in Sri Lanka,
India, Pakistan, and Kenya. The work in Sri Lahka been particularly productive with more
than 10 papers in high-ranking international sdilenjburnals (see for example Amerasinghe et
al. 1997; 1999; Konradsen et al. 1997a; 1997b;dearHoek et al. 1998)nd important capacity
building components. Several students from collatiog universities have been employed and
coached towards postgraduate degrees, IWMI sta#f hasisted postgraduate courses,
appropriate laboratory capacity has been buibhat.iniversity of Peradeniya, and researchers
from IWMI and the University of Peradeniya havetjosmpleted a book on “Malaria in Sri
Lanka: Current knowledge on transmission and ctinfikmnradsen et al. forthcoming 2000),
specifically aimed at graduate and postgraduatiesis.

In 1997 case studies were started in Sri LankaPakistan to document the multiple uses of
water in irrigated areas as part of the SWIM reseagenda. IWMI continues to focus on the
uses of water that have specific relevance to humeaith and the environment, i.e., the
domestic uses of irrigation water and the watearcallions to aquatic ecosystems (wetlands).

Particularly in Sri Lanka, IWMI had developed sussfel partnerships with local institutions,
largely through the support of students. Consideraffort has gone into establishing
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professional networks and the establishment otabdae on irrigation and health in Sri Lanka
and Pakistan.

Program Goal and Objectives

The overall goal is to contribute to improving thees of poor people in irrigated areas by
optimizing the health benefits of water and minimigthe negative effects of irrigated
agriculture on human health and the environmeihte @rogram objectives are:

» To improve the understanding of the linkages betweeated agriculture, the environment,
and human health;

* To identify potential health hazards associateth wiigation development;

* To develop water management methods that will img@teealth or mitigate potential health
hazards; and

* To increase the understanding of the non-agriclluses of irrigation water and how these
contribute to human health and environmental sogkslity.

Water Management for the Control of Vector Borne Dseases in Sri Lanka

Water Management and Malaria Transmission in Souftsia

To assess the feasibility of reducing the transiomssf malaria through water management in
natural streams and irrigation canals, studies waneed out in a watershed in North Central Sri
Lanka from 1994 to 1998. Streambed pools in themwaterway in the study area are the
principal breeding sites fgknopheles culicifacieshe principal mosquito vector of malaria in
South Asia. Throughout the year the abundancenofatureAn. culicifaciesvas closely
correlated with the water levels in the streamwaAter levels above 50 cm no immatiéve.
culicifacieswere found.

Detailed epidemiological studies in one of theagks showed that living close to the stream was
a risk factor for malaria early in the transmisssaason just after the build-up/uf. culicifacies
populations in the stream. Correlations betweemrmatels in the stream, number of immature
An. culicifacies adultAn. culicifaciesand human malaria cases could be shown graphically

the entire study period. An irrigation managemet water balance study linked with the
entomological information identified the most fédsicontrol option: a management routine
where water is released from an upstream resetuoing the dry season on a two day basis
every tenth day to generate a water level abové5%0m in the entire stream. This would
dramatically reduce the breedingAui. culicifaciesn the stream. (Konradsen et al. 1998 ;
Matsuno et al. 1999; see Figures V-1 and V-2).

Community based diagnosis and treatment of malaria

As part of the Sri Lankan research a village lelragnosis and treatment center was established
in the study area. The reasons for people’s prefeefor different types of healthcare facilities
and variation of these preferences were documeAfest. the introduction of the village
treatment center by IWMI and its collaboratorgjuickly took over the role of main provider for
diagnosis and treatment of malaria from the govemtrfacilities. (Konradsen et al.
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Figure V-1. Water depth and immature mosquito abumance in the Yan Oya stream,
Huruluwewa watershed, Sri Lanka. There is a remark®le increase in larval abundance
when water levels are low
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Figure V-2. The scenario when water is issued frortthe Mahaweli system to the Yan Oya
stream in smaller quantities but over a longer pend. Larval abundance remains low
throughout the year
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forthcoming).Early diagnosis and treatment of malaria casesesod the basic elements of the
current global malaria control strategy. The Goweent of Sri Lanka now plans to replicate this
model elsewhere in Northern Sri Lanka.

Cost of malaria control

The cost of different malaria control measures asignated in a larger study area. Impregnating
privately purchased mosquito bed nets with insifgiovas estimated to cost US$ 0.87 per
individual protected per year, less than half thet ©of spraying of houses with residual
insecticides. Larviciding of vector breeding sitéesl especially the above described elimination
of breeding habitats by flushing streams througtsseal release of water from upstream
reservoirs was estimated to be cheaper than otbeemtive measures (US$ 0.49 and US$ 0.24
per individual protected respectively). The mastteeffective curative measure for the
government is a centrally located hospital witkelatively large catchment area (US$ 1.29 per
malaria case treated). Mobile clinics and villégeel diagnosis and treatment facilities are more
expensive options for the government but are cenaldy cheaper for households than the
hospital facilities. The research results can ghigi@th planners and government decision-
makers in choosing the most appropriate combinatfaurative and preventive measures to
control malaria. (Konradsen et al. 1999).

Future research

The interventions developed by IWMI and its collediors over the past few years will be
implemented from 2000 in the Huruluwewa watersme8n Lanka, in collaboration with water
users and irrigation management officials. Theltef the studies are also being used to
develop a risk map of malaria for Sri Lanka. Tis& map will make it possible to target priority
areas with control activities and can serve ascesobs support tool in health impact assessments
for future water resources development projects.

Alternate Wet Dry Irrigation for Water Saving and V ector Control

Alternate wet dry irrigation (AWDI) in rice ecosgshs is a promising method to save water, and
control malaria and Japanese encephalitis, whilataiaing grain yields at the same or even
slightly higher levels. Trials are ongoing in ladind Kenya and are planned for Sri Lanka and
China next year. Preliminary work in Kenya did gatid firm results (Mutero et al. 1999; Van
der Hoek et al. forthcoming).

Domestic Uses of Irrigation Water and Irrigation - Water Supply and
Sanitation Linkages

Irrigation water is extensively used for non-agltigral, including domestic, purposes. An
exclusive focus on water efficiency in agriculteauld actually reduce the availability of
domestic water within irrigated areas. This wasadly documented in case studies in Sri Lanka
and Pakistan in 1997 and 1998. The Sri Lankarnystuthe Kirindi Oya Irrigation Scheme was
the first time that all the uses and users of wasee been described in detail in a river basin and
a start was made with a framework for valuing tlifegent uses of water. The work was
documented in Bakker et al. (1999) and severalrgapenternational scientific journals
(Meinzen-Dick and Bakker 1999; Bakker and Matsurrthitoming); and has been presented at
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national and international conferences. It is madely accepted that water resource policies
must take all uses and users into account to awegetive implications for poor, disadvantaged
segments of the population.

The initial case studies have led to two new figfleesearch: the domestic uses of irrigation
water and the environmental uses of irrigation wate Pakistan, large areas have brackish
groundwater, which cannot be used for irrigatiomaything else. As a result people depend on
canal irrigation water for all their requirements;luding drinking water. This domestic use of
irrigation water was the subject of baseline stsidie disease incidence, water quality,
availability of water, sanitation, and hygiene piees. Data collection for the baseline studies
was completed in September 1999 and the resultgwde in the implementation of
intervention studies that aim to improve the dmgkwater supply and sanitation of people in
irrigated areas. Funding is being sought for angaship that has been established with the
UNDP/World Bank Water and Sanitation Program anith wie Institute for the Water
Environment (VKI, Denmark) to try to bridge the dagtween the irrigation and water and
sanitation sectors (van der Hoek et al. 1999; Jeasal. forthcoming).

Wetlands Research

The environmental functions of water and the immddtrigation on valuable ecosystems
emerged as an important issue during the initisé cdudy on multiple uses of water in Sri
Lanka. IWMI and its partners are now implementifgaaeline study in the Kirindi Oya

Irrigation scheme and Bundala National Park todvethderstand the cause-effect relationship
between irrigation and the ecology of a wetlanchtdrnational importance (a Ramsar site). The
baseline study will be followed by the implemerdatof appropriate water management
strategies that could improve and sustain biodixerd his Sri Lankan study relies on a long-
term monitoring program of water flows, water gtygland aquatic vegetation and fauna. In
Turkey a different approach was followed in the @dxhsin. The delta of the Gediz river is also
a Ramsar site and IWMI staff have used hydraulideoto study the effects of different water
management strategies on the wetland ecosystensiihtaet al., eds. 1998; de Voogt et al.
1999). The two approaches will be combined in ggotgroposal to develop a common
methodology for studying the irrigation — wetlanddversity link.

Reducing Risk Factors for Pesticide Poisoning in tigated Agriculture

During field visits to irrigation schemes acutetpede poisoning is often brought up by farmers
and health workers as one of their main healthlprob. A study was conducted consisting of a
review of hospital records and in-depth interviemsl participant observations in a village. The
results of this baseline study, including inforroaton the knowledge, attitudes and practices of
the population concerning pesticides has been shaddi (van der Hoek et al. 1998) and
presented at scientific meetings. The research eatidlat hazardous practices when spraying
pesticides were due to the impossibility of appdyiacommended protective measures under
local conditions, more than to lack of knowledd@eurrent programs that promote the safe use of
pesticides through education and training of faswatl be ineffective in Sri Lanka because
knowledge is already high and because most poigar@ses are intentional. Instead, it was
argued that enforcement of legislation to resaidilability of the most hazardous pesticides
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would result in an immediate health benefit. la kbng term, improved agricultural extension
services to promote alternative non-chemical metlaigpest control was proposed as the most
important strategy to prevent acute pesticide pongp

An important impact of IWMI's initial work on pestde poisoning has been the use of our
publication and the adoption of its recommendationthe Presidential Committees on Pesticide
Poisoning and on Suicide Prevention in Sri LankeNovember 1999 a second study will be
completed that specifically aims to identify thekrfactors for pesticide poisoning and establish
whether a shift in agricultural practices towantkegrated pest management (IPM) would lead to
a reduction in pesticide poisoning. If there anpartant health and environmental benefits this
could be an additional incentive for policy makersnvest in IPM. From next year the focus

will be on the potential role of water managemaerthie control of agricultural pests. This is a
novel approach but for which there is a biologjaoatification. Trials will show whether the

main insect pests in cotton in Pakistan, the Ana@ricollworm and the white fly, can be
controlled with water management and whether trastice is feasible for farmers to implement.
Through measurements of pesticide exposure amdtanqaickers using different pest control
methods, the potential health benefits of this apgin will be assessed.

Future Program Priorities

The Health and Environment Program will focus o fareas of activity in the year 2000 and
beyond:

Water management for the control of vector boriseases

Domestic uses of irrigation water and the irrigatiovater supply and sanitation linkages
Irrigation water management and its effects on dsiream wetlands

Recycling of urban wastewater for use in irrigation

Agro-ecosystem management for human health.

agrwnE

Activities 1, 2 and 3 are a continuation of pregestearch activities. Baseline studies have been
completed for activities 1 and 2 and emphasis peat will be on intervention studies. Activity

4 is a new field of research for IWMI, in which vkawas initiated in Mexico in 1999 (Scott,
Zarazua and Levine 1999). Activity 5 is an attetopghtegrate aspects of activity fields 1, 2,

and 3 into one integrated ecosystem approach t@ahumealth and the environment at river basin
level. This implies that at the river basin levaianges in water management including crop
diversification will be evaluated for their effecia vector borne disease transmission,
availability of water for domestic use, impactsdmwnstream wetlands, and also for the need for
agrochemical applications. This integrated appnoaid first be tested in the Uda Walawe basin
in Sri Lanka. It should contribute to a river asianagement plan in which all the uses of
water are balanced in a sustainable way, and nemysbrve as a model for this integrated
approach in other river basins.

The emphasis to date on field based research wdal data collection has been important to
establish the Program in the international bioma&dcientific community. Our extensive data
sets have been and will be used by others for ebeafopwater balance studies and hydrologic
modeling purposes. However, gradually there shoald be a shift towards more strategic
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research using secondary data or data collectedtiynal partners. This also implies a change
in staff composition from the current large numbgfield staff and small number of
international researchers to one that more resentiidesituation of the other programs, i.e., a
small field staff and a larger international stzdfire.
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VI
Policy Institutions and Management Prograni

“Most of the hard work of crafting new irrigationfsware [institutions] has yet to be done.”
Sandra Postel 1999:253.

Background

From its early days IWMI has strongly emphasizedkwan institutional and organizational
issues. During the first decade, IWMI was knownif® work on farmer-managed irrigation
systems (FMIS) and water users associations inrgowent irrigation schemes (often referred to
as “participatory management of irrigation”). Tihetitute also carried out studies on
government irrigation management agencies (for @kam Pakistan and Sri Lanka, and in
1995, in Egypt), financing of irrigation, irrigandnvestment trends, and the use of participatory
means to help countries develop or refine thegatron policies (Merrey 1997).

By the early to mid-1990s, the largest effort wasated to irrigation management transfer
policies, and the support systems required to Bukieally managed irrigation. In 1994, IWMI
co-sponsored a major international workshop in Wiylhina (Johnson, Vermillion and
Sagardoy 1995). Up to 1999 we have continueduidysthe impacts of irrigation management
transfer and the support systems necessary fordhecess, and to assist countries with testing
or strengthening irrigation management transfeicps (e.g., Pakistan, Sri Lanka).

Since 1995, we have broadened our interest irtutistnal and policy reform to include national
and river basin institutional arrangements. Weehstvengthened the work on poverty and
gender; and have worked on the value of water atdnpricing. Under new leadership since
mid-1999, the Program is beginning to shift theahaé of emphasis from institutional studies to
include policy studies.

The broad goal of the Program, as reflected irMBdium Term Plans, is to

identify the necessary tasks, tools, organizatidealgns and institutional frameworks to
achieve and sustain high productivity of irrigasegticulture and improve poor people’s
lives.

The current concentration on basin level instingics integrated with work on water accounting
described in section Ill. Work at the communitydefocuses on gender and poverty as well as
supporting systems for local water management @zgtaons.

" In the draft Strategy Paper (IWMI 1999c) we haweposed adjusting the name of the program toitlriinal,
Management and Policy.”
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Policy and Institutional Reforms: Transfer of Management to Users

Local Management of Water and Irrigation Managemefmtansfer

Factors Affecting Transfer Success

The transfer to users of some or all responsiediind authority for management of previously
government-managed irrigation schemes is a majaypobjective in dozens of countries
around the world. “Irrigation management trans{é¥T) is the commonly used term for this
phenomenon; but the policies vary enormously itir §@mpe, speed of implementation, and
extent to which the policy is accompanied by thepsut required for successful transfer. The
Mexico case is famous for its comprehensivenesspadd of implementation, which was made
possible by the high level of political supporte tlack of alternatives for sustaining the irrigated
agriculture sector, and the relatively commercedinature of the agricultural economy of
Mexico. On the other hand, some Asian cases hewe slowly implemented, and unlike
Mexico, the rules regarding water rights and irthiature ownership have not been conducive
for full farmer takeover of their schemes.

IWMI has published several reviews of internatiolMdl experience to identify the set of
essential conditions required for a successful mament transfer program. Based on review of
existing literature, Vermillion identifies the follving conditions as essential:

» aclearly recognized and sustainable water rigttveater service,

* infrastructure that is compatible with the watewgse and local management capacities,

* well-specified management functions and assignmoeatithority,

» effective accountability and incentives for managatn

» arrangements for viable and timely conflict resiolt and

» adequate resources that can be mobilized for troigananagement (Vermillion, 1997; see
also Perry 1995; Ostrom 1992; Merrey 1996; 1997).

Frederiksen and Vissia (1998), who have considerakperience with implementation, analyze
six IMT cases in terms of eight key factors tha&t #uthors believe are necessary for successful
management transfer. These factors overlap wilhcamplement those discussed by
Vermillion and others. For each factor, a setef tasks is defined. For example, under ‘scope
of transfer,” the objectives, facilities and seesdo be transferred, and responsibilities of all
parties must be clearly defined. Using these taskiseight factors, they evaluate and score the
six cases (Table VI-1). Two cases, Indonesia anda®ka (discussed further below) score
zeros — their programs are rated as inadequatd! fiactors. Nepal, Mexico, Turkey and USA
score relatively higher. Nepal's score may seerpring, but largely reflects the particular
case studied.

A comprehensive study of IMT in India carried irllaboration the Indian Institute of
Management Ahmedabad (Brewer et al. 1999; seesald®mn VIII) analyzes state policies and
programs and documents key elements in the appgedoHMT taken by the various states. The
study shows that although interest in IMT is widesgal, the extent to which there has been real
transfer is unclear. In most states the transfécips have remained as statements of intention,
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Table VI-1. Rating of the transfer programs
Sri Lanka Indonesia Nepal Mexico Turkey USA
Scope of transfer Inadequate Inadequate Adequate equsde Adequate Adequate
Condition of facilities| Inadequate (1] Inadequdte ( Adequate Adequate Adequate Adequate
Facility ownership Inadequate Inadequate Inadequate Inadequate Inadequate (2) Inadequate
Water rights Inadequate Inadequate Inadequate duate None Adequate
Service Charge,
Funding & Finance
Repayment
O&M Cost:
Transport facilities None (3) Inadequate Inadequate Adequate (4) | Adequate Adequate
Major facilities None Inadequate Inadequate Adequate Adequate Adequate
Capital cost:
Rehabilitation (T. F.) | None (3) Inadequate Inadequate None Adequate Adequate
Major Facilities None None None None Inadequate Adequate
Finance availability | Inadequate Inadequate Inadequate Inadequate Inadequate Adequate
WSE legality Inadequate Inadequate Inadequate (nede Inadequate Adequate
Preparation for and | Inadequate Inadequate Adequate Adequate Adequate equatk
execution of transfer
Follow-up and Inadequate Inadequate Adequate Inadequatsq Adequatg Adequate
support
Number of 0 0 4 5 7 11

“adequate” ratings

Source: Frederiksen and Vissia (1998: Table 3).
Notes:

1.
2.

Rehabilitation of facilities was incorporated iritee management transfer program.
Although the ownership of facilities remains wittetgovernment, the contract between the governamehthe WSE

contains provisions for periodic inspections oflfdes, and if the WSE does not maintain the fities, the government has
the right to do the work and charge the WSE fordbst.

By mid-1998, the government and the World Bank weneegotiations for a loan to rehabilitate theriisitary systems of

parts of the Mahaweli Project. Under conditionshaf loan the WSEs will be required to pay 100 paroéthe O&M costs
of transferred facilities and 10 percent of theitzhgosts of rehabilitation.

Groundwater users do not pay any water service éaesn though their supply is directly attributatdeecharge from the

surface water that is delivered through the transfefacilities. If these beneficiaries were regdito pay for the service
they receive, the repayment of O&M costs would iover (presently fees cover about 85 percent of O&sts).

@)
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except for the implementation of some pilot pragedtost of the WUAs exist only on paper. As
the major focus of the study was on understandiegransfer process, only quantitative
assessments of impacts were done. The evidencestadhgat there has been an improvement in
the quality of the irrigation service in locationbere WUAs have taken over operation and
maintenance responsibilities. There is also evidaidarmers shifting to high value cash crops
with improved water supply. Some improvementsropgield have been reported. The
governments continue to provide management sulssahid repair and maintenance grants to the
WUASs. The study acknowledges the need for moreegyastic quantitative assessment of the
benefits of IMT, but concludes by arguing that INdTa potential means to improve performance
of irrigation systems in India. There is a needhike agencies more accountable to farmers and
also induce users to bear a greater portion ofdise of supplying water. Management transfer is
an effective means to achieve these two objectives.

The Mexican case is generally considered one ofnibst ambitious and successful reform
programs in the world in terms of the area affeeted the speed of its implementation. IWMI
studies of the Mexican IMT program clearly showt thatrong political commitment and a
conducive macro-economic and institutional envirentrare fundamental to the successful
implementation of IMT programs (Johnson 1997; KemgzGarces-Restrepo and Johnson 1997).
IMT in Mexico has been part of broader macro-ecoieadjustments and institutional reforms
and was accompanied by the introduction of compigarg legislation conferring water rights

to water user associations and specifying the remelsresponsibilities of the users (Kloezen,
Garces-Restrepo and Johnson 1997).

A study of the IMT program in Colombia showed ttitagre was only a partial devolution of
management functions; the government maintainezbittrol over O&M (Vermillion and
Garces-Restrepo 1998). The situation was the santbd IMT program in Sri Lanka (Samad
and Vermillion 1999a and 199b) and to a large extemdonesia (Vermillion et al. 1999
[forthcoming]) and Nepal.

Assessment of Impacts of Irrigation Management §ferPolicies

IWMI’s recent research has sought to systematicilgument the impacts of management
transfer on the performance of irrigation and ategl agriculture. A common methodology was
formulated and field-tested in Sri Lanka and theplied to assess IMT programs in Mexico,
Colombia, Sri Lanka, Indonesia, India and Nepal.

The case studies verify a significant decline imegoment recurrent expenditures for irrigation.
In Colombia, data from a sample of four distridiewed that government expenditure fell from
a range of US$ 20-80 per hectare before transfainost zero after transfer. In Sri Lanka
significant declines in government investments vadrgerved in all irrigation schemes
irrespective of whether they were transferred dr(8amad and Vermillion 1999a) — that is to
say, there is no direct relationship between IMd@ seductions in government expenditures
(Figure VI-1). A similar trend has been noted iepdl (IWMI/Dept. of Irrigation Nepal 1999).

The Sri Lankan study compares the trend in agucailiperformance over a 10-year period in
schemes that had been transferred and rehabiltathdse with only the effects of management
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Figure VI-1. Trend in Government Expenditure for O&M in Transferred schemes in Sri
Lanka
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transfer, only rehabilitation, and schemes wittrezi of these two intervention. The results
show that there has been a statistically significaprovement in ricgield in the

schemes that have undergone both management transfeehabilitation. There is no
statistically significant change in yield trendsschemes with only one type of intervention, and
those with no intervention show a significant deelin yield (see figures VI-2a-VI-2d). These
findings are consistent with another study caraetby IWMI of the Gal Oya Project in Sri
Lanka which showed that there was a significantrowement in performance when physical
improvement is followed with institutional intervieans (Amerasinghe, Sakthivadivel and
Murray-Rust 1998; Murray-Rust, Sakthivadivel and &masinghe 1999; see Section Ill where
the methodology used is discussed).

FAO and IWMI have just published a ‘Guidelines BT’ which is partly based on the past
decade of IWMI's research (FAO and IWMI 1999). ¥fe also planning a paper that
synthesizes and compares the results of the ingpadies, to be published in 2000. It is clear
that countries should not expect quick or drameit@&nges in the performance of irrigated
agriculture to result from management transfer elamd to achieve long term sustainable
success requires getting the full set of suppomioigcies and institutions in place. The modest
impacts our studies document may be a functiohefhort time frame (five years before and
after transfer, except the Gal Oya and USA casl8MI’s work in this area is widely cited, and
we continue to receive requests from countriesgsistance in formulating, evaluating or testing
IMT policies (for example, Central Asia, Pakist&wouth Africa, Sri Lanka).



Figure VI-2a. Trend in paddy yield in rehabilitatedchemes with IMT
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Figure VI-2c. Trend in paddy yield in un-rehabilitated schemes with IMT
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Figure VI-2d. Trend in paddy yield in un-rehabilitated schemes without IMT
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Institutional Issues and Reforms in Pakistan

An early IWMI study identified some of the mainftihgtional factors affecting Pakistan’s
irrigation as follows (Bandaragoda and Firdous§2)9

» the overriding effect of socially evolved informastitutions over the formal rules and
management decisions;

» the obsolescence of irrigation rules, codes andeplares; and

» the declining relevance of existing organizatistaictures in the light of changed
circumstances.

This work was one of the initial research messaggsling the dysfunctional nature of the
institutional framework for irrigated agricultur@nd was duly acknowledged in a
subsequent evaluation by the World Bank. The comoonclusion was that, in order to
optimize the benefits of massive investments oh hetv irrigation developments and
rehabilitation efforts, the desired changes neéaléé internalized within the social fabric
of rural communities. A World Bank (1994) repatommended a set of radical
institutional transformations and policy changdended to reverse the continuing decline
in irrigation performance. Despite strong oppoaitio institutional change by many
irrigation professionals, Pakistan’s policy maks&ested to consider the need for change.
Several IWMI studies over the past decade haveibated to this policy shift and helped
to catalyze concerns and interests on instituticefalms (e.g., Bhutta and Vander Velde
1992; Vander Velde and Murray-Rust 1992; Bandaragodl Firdousi 1992; Bandaragoda
1998; Bandaragoda and Saeed ur Rehman 1994 and Wg88this shift in the policy
environment, the policy makers with donor suppecently initiated important legal
reforms and structural changes to replace thetiadl irrigation agencies with Provincial
Irrigation and Drainage Authorities (semi-autonosparastatal bodies), and to encourage
pilot efforts on organizing water users.

In a study on a sample of 22 watercourses locatéddifferent secondary canals in
Punjab Province, Bandaragoda and Rehman (1998l fimah the actual practice of
warabandi(fixed rotation) water allocation schedules difig@isubstantially from the
design. Not a single watercourse in the study samefibwed its official warabandi
schedule in daily water distribution operationsstéad, all watercourses with officially
sanctioned warabandi had their schedules subséguoedified according to mutual
agreement among the water users. All modified bardi schedules displayed a fair
degree of flexibility in terms of time allocatioepunit of land, and resulted in yet greater
flexibility in their actual application in the figl

Table VI-2 shows that the modifications in the @#l warabandi have generally resulted in
an increase in the irrigation time per unit of l4defined as “time allocatiohin this

8 The "time allocation” is defined, for the purpasehis presentation, as the irrigation time pet ahland
on the basis of a constant discharge to the waieseo The time allocation in the warabandi sysgeusually
understood in hours per acre. It varies from oatmourse to the other, depending on the commaada
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presentation). The average value for this measenmeed from the official warabandi
schedule having 36 water turns is 0.69 hours peabe In the modified warabandi
schedule, in which the number of turns had incik&sd56, the time allocation had
increased to 0.83 hours per hectare. This is gnagtause some farm plots were not
receiving any water at all. The increases in eaefits of variation also suggest that the
modified warabandi schedules have resulted in &#se@ inequity.

Table VI-2. Variability of Water Allocation on Hour s per Hectare
Basis through Warabandi Turns in Watercourse No. R Mahal 89-L

Description Official Agreed
Warabandi Warabandi
(n=36) (n=156)
Range 0.42-0.93 0.47 - 3.29
Average 0.69 0.83
Standard Deviation 0.09 0.25
Coefficient of Variation 13% 31%

Source: Bandaragoda and Rehman (1998)

Disappointing results from heavy investments oigation rehabilitation in developing
countries prompted a case study on the Lower Saratlén Pakistan’s North West
Frontier Province. The process of planning andgiheisg the Lower Swat Canal
remodeling effort conspicuously left out the cadly important consideration of the
organizational capacity for post-construction systeanagement. Consequently, the
changes in physical infrastructure in the re-madisiestem did not accompany
corresponding institutional changes to supportéugired operation and maintenance
responsibilities. Bandaragoda (1998) draws attertt the institutional implications of
current project preparation methods and concluagstihe institutional constraints in
modernizing old irrigation systems can be foresstethe planning and design stages.
The paper advocates an "institutional impact assest procedure that assesses both the
impact of infrastructure development design ongkisting institutional framework, as
well as required institutional improvements, aeasential component of project
appraisal for irrigation system modernization iveleping countries.

Following up on the concern with Pakistan's stagivaigated agriculture performance,
the government and donors requested IWMI to unkierdation research on how water
users can be involved in water management. Thergleieeling among those promoting
reform is that a strategy more likely to help thesent situation of stagnant performance
is to approach the problem from the demand sidbeirrigation management equation,
and maximize the role of water users in irrigatioanagement. This involves major

be irrigated. For equitable distribution, the tiadlcation measure should not vary too widely agnibre
different farm plots in a given watercourse.



IWMI's Achievements, 1995-1999 48

institutional changes from the currently dominamy-sided bureaucracy. In these
proposed changes, the water users would estalplB@riate organizations to
effectively share the responsibility with line agess for managing the irrigation systems.

A Pakistani writer, Ahmad Nasir, in his 1992 bawk“Decentralization” commented
that local government institutions in Pakistan weaglitionally dominated by the ruling
elites comprising ‘feudals’ and bureaucrats, who éstablished monopolies over these
institutions and made it difficult for poor and rdld class people to share power with
them. This comment typifies the common notion altbatdysfunctional features of
Pakistan's politics and bureaucracy, and the wesakokthe country’s representative
institutions. In this difficult social context, axgizing farmers in Pakistan for taking over
higher level management responsibilities was desdrby many as an impossible task.

However, an action research program conducted byliddring 1995-1998 at four pilot
sites in Punjab and Sind Provinces succeededablesting two hundred water users
associations (WUAS) at the tertiary (watercoursggl, and four water users federations
(WUFs) at the secondary canal (distributary) léBalindaragoda 1999 [forthcoming]).
The organized water users mobilized resourcesrapttmented well-planned
maintenance programs, reducing inequity in watstridution along the distributaries.
The constraints of an integrated socio-technicsiesy, illiterate farmers, social pressure
from big landowners and obstacles caused by thargigcal society, were overcome
through a participatory process of social orgamrat IWMI's action research has
shown that, with adequate opportunity to freelgiatt among themselves, the water
users in the pilot sites are capable of selectieg brganizational leaders in a democratic
manner to include representation from all sectifrthie community.

These pilot results encouraged the higher poliacal policy planning levels in Pakistan
and the donors to replicate on a wider scale tftedesocial organization methods. These
include a step-wise process of social organizataialyzed by a locally recruited small
field team with the assistance of community-basexias organization volunteers,

training and other forms of capacity building agenanotivating influences, and a field
implementation coordination committee consistingegfresentatives of all service
delivery agencies working in the area, along wélested water users for farmer-agency
coordination. The section on Pakistan in secdtihdiscusses the impacts of this work.

Institutional Designs for Water Management

An important theme in IWMI's and others’ work orrfaer-managed irrigation schemes
has been to derive organizational principles thatguide us in designing better
institutions on irrigation systems built by goveremis (Coward 1980; Hunt 1989;
Ostrom 1992). One reason for the apparent suoédaamer-managed systems is they
have created mechanisms that ensure a high defgaeeauntability of leaders to
members, and among members. In long-standing famaeaged systems, the
organizational arrangements are congruent witlphysical structure of the scheme (i.e.,

° Similar promising results were achieved in afioactesearch program with Pakistani partners orlsma
reservoir systems; but constraints at the poligglleombined with a continuing lack of self-confide of
farmers cast doubt on the sustainability of this-teear project (Starkloff et al. 1999).
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they are system-specific) and they are autonomoddasgely independent of
government. On the other hand, in many countie®igment agencies manage a large
number of different irrigation schemes, and areedelent on government for their
authority and finances.

Merrey (1996) argues that single irrigation systenamaged by autonomous system-
specific organizations accountable to the customer®rm better and are more
sustainable than is the case for systems managaddmncies dependent on government
or by agencies responsible for many irrigation soé® (Figure VI-3). The paper
compares a number of selected cases and estalilghelausibility of this hypothesis.
Although more systematic comparative research wbaldseful, Merrey suggests the
findings are sufficiently persuasive to be usegblcy makers interested in reforms.
For example, where a government department marnagekeds of irrigation schemes,
these should be divested to autonomous user-bagadipations.

Perry (1995) discussed the linkages of institutiaiesigns and infrastructure with a
particular emphasis on water rights. He arguerkthee three essential elements for
successful irrigation: water rights, infrastructeepable of delivering the service implied
by the water right, and assigned operational resipdities. Where these are properly
matched, the system is “functional;” where thera mismatch they are “dysfunctional.”
Defining water rights is particularly problematitle returns to this problem in a recent
paper where he notes that water rights are becopnogyessively more difficult to
define, and more contentious, as water scarcitgases (Perry 1999). The innovative
part of this paper is his discussion of how emeaggiaw information technologies can be
used to bypass the traditional monopolies on wagasurement which currently
frustrate the analysis of appropriate allocatiomagiusers. The technologies discussed
are those described in Section IV on the Appliddrimation and Modeling Systems
Program: use of data sets from the internet, resensing, and application of
hydrological models to interpret these data.

Policy Reforms: Financing and Water Charges

Water as an Economic Good

The proclamation at the 1992 International Confeeesn Water and Environment held

in Dublin that “water should be treated as econagoicd” has in recent years emerged as
an important policy question. Although supportttoe idea of treating water as an
economic good is widespread, the underlying corscegrhain too vague to allow
agreement and the precise
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Figure VI-3a. Matrix of irrigation system governance arrangements: Performance
hypotheses

RELATIONSHIP OF AGENCY TO GOVERNMENT

Autonomous Dependent
Agency 1 *Achieve highest performance 2 *Mixed but generally low
manages a  *Most adaptive to changing performance
~ single  conditions *Low adaptability
Irrgation *Most sustainable *Sustainability threatened
system

3 *Performance will vary among 4 *Wide range of, but generally

Agency systems but overall will be lower low, performance
manages than cell 1, higher than cell 4 *Low adaptability and
multiple *Adaptability and sustainability sustainability, with variation
irrigation will vary among systems but among systems based on local
systems overall will be lower than cell 1, factors

higher than cell 4

Figure VI-3b. Matrix of irrigation system governance arrangements: Examples.

RELATIONSHIP OF AGENCY TO GOVERNMENT

Autonomous Dependent
1 Mendoza, Argentina 3 Egypt
Agency Irrigation districts, USA, Haryana, India
manages a  Colombia Punjab & Sind, Pakistan
__single Taiwan systems ORMVAs, Morocco
Irrigation Communals, Philippines
system Farmer-managed irrigation
systems, Nepal
Irrigation districts, Mexico (post-
reform)
Self-governing systems, by
definition
3 National systems under NIA, 4 Irrigation districts, Mexico (pre-
Agency Philippines reform)
E%Tt?gzs Sri Lanka, Nepal
irrigation Indonesia technical systems
systems (>500 ha)

Most states in India

Source: Merrey (1996).
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definition of the implied operational content. Aidy by Perry, Rock and Seckler (1997)
deals with this issue in some detail with a patéicéocus on irrigated agriculture, the
largest consumer of global fresh water supplies.

The study starts from the position that the keystjoa is not whether water is an
economic good or not, but whether it is a pupgiyate good that can be reasonably left
to free market forces, orpublic good that requires some amount of extra-market
management to effectively and efficiently serveidazbjectives. The answer to this
guestion lies not so much in lofty principles butalue judgements, and their
application to different conditions of time andqda The authors argue that water serves
many different purposes and has properties thaemnddoth a private and a public good.

In the case of irrigation, the dismal record of plublic sector in managing irrigation
water supplies has prompted many governments toftoalternative institutional
arrangements for water management involving theotisgarket mechanisms and pricing
systems. Privatizing irrigation systems, irrigatmanagement transfer, service-related
user charges, volumetric pricing, establishmenvater markets and the creation of
tradable water rights are some of the measureastisd. The study points out that
while judiciously applied market tools can be expddo generate benefits, in many
instances the necessary and sufficient conditiomsiat yet in place to facilitate the
effective functioning of markets. It is argued tha flow of water through a basin is
complex, providing wide scope for externalities @rahsaction costs, and also the
absence of secure and effective property rightgaiter could result in market failures.
Where markets have worked well, laws assigningtsigihescribing how rights may be
traded, and providing for enforcement of rights pedalties for their infringement, as
well as the physical infrastructure and managersgstem capable of allocating water in
accordance with water markets, all exist (see PE3BH). The pursuit of economic
approaches in the absence of these enabling comslitnay have unpredictable and
possibly negative effects.

The study draws attention to the complexity ofitnsibnal frameworks required for
sound water resource management, especially irlaj@mg country contexts when
responsibility for the management of water is tfammed from a centralized state
bureaucracy to local entities and non-governmeargdnizations. The authors define a
necessary and sequential set of preconditionsithat be in place for the beneficial
introduction of market mechanisms to allocate walbese include:

a) defining the entitlements of all users under alkle of water availability;

b) infrastructure to deliver the defined entitlements;

Cc) measurement standards that are acceptable tolthergeagency and users;

d) availability of effective recourse to those whordi receive their entitlements and to
third parties affected by changes in use;

e) capacity for reallocation of water can be measaratidelivered, and third party
impacts can be identified

f) policy and legal provisions that obligate userpdyg water fees; and
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g) large inter- and intra-sectoral water transferstrbessubject to approval and relevant
charges by regulatory agencies.

These conditions share much with those discussexkads necessary for effective
implementation of irrigation management transfdrgoes.

Approaches to Cost Sharing For Water Services farisulture

Charging users for water and water services has ®deententious issue in many
developing countries, involving political, socialltural and historical factors. The
combination of these factors is often so powetial direct charges for the irrigation
service are rare. In most instances the full obfihancing the service is borne by
government. With increasing budgetary constraiaced by governments there is the
high probability of under-funding irrigation resaly in a damage to physical facilities
and eventually to the deterioration of the quadityhe irrigation service.

In 1995, IWMI carried out studies to assist theggoment of Egypt to formulate a
rational approach to sharing costs among the beagés — agricultural and other users -
and government. The studies included an analydiseoimpact on the agricultural sector
of alternative approaches to cost recovery. IWppled IFPRI's model of the Egyptian
agricultural sector to evaluate the impacts ofdtulearging mechanisms: a) a fixed rate
per hectare independent of crop type or croppitensity; b) a crop-based charge with
higher rates for water-intensive crops; and c) natric charges on the basis of actual
water use, on farm incomes and crop selection yA€96). The results showed that a
standard annual charge set at $52/ha (the estimagtaf the irrigation service) would
reduce farm incomes by 4.5 percent but would havienpact on the choice of crops or
crop technology. A crop-based charge is as effi@s full volumetric pricing in

inducing beneficial shifts in cropping patterns &ds more water-efficient crops; farm
incomes fell by only 2.4 percent. The benefit framational perspective was that
demand for water fell by 3.5% while returns to wanereased by 2.7%.

The analysis also revealed that volumetric chaagesn unrealistic means of
encouraging significant reductions in demand, beeary high charges are required to
have a significant impact. To induce a 15 % drogemand would require a charge that
is equivalent to about 25% of the net farm incohadly a politically feasible option.
The study argues that the present delivery systertiné most part provides farmers with
the water they need — unmeasured and undifferedtiatt the farm level. Any form of
rationing or volumetric delivery requires quiteiffetent infrastructure to allow the
measurement of individual supplies and differerrapf deliveries between farmers.
The benefits from the required investment are smatklation to the likely financial
costs of the infrastructure.

Financial viability of irrigator organizations in st Africa

Research on farmer-managed irrigation schemesgarNind Burkina Faso found that
although the irrigation systems produce acceptagslelts in terms of yield, land
utilization and gross output, their organizatioaabngements and financial weaknesses
pose serious threats to the sustainability of thgator organizations. In neither country
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are the organizations developing financial indejegsicd; they are unable to accumulate
reserve funds to cater to future needs for majoaire and renewals and they also face
shortage of operational funds. In fact they wdaddechnically bankrupt if they were

true private-sector business enterprises becaagenttt available resources are generally
negative.

Table VI-3 shows the state of three rice-produdagperatives’ funds at a specific point
in time, the end of the wet season of 1996. Ifrdstricted accounts (that is, the funds
intended for capital purposes) were really retajileglse organizations would all be
insolvent. The Kourani-Baria cooperatives are imapt in any case, and can only make
cash payments for vital needs such as electriaidyfartilizers after considerable delays.
Kourani-Baria Il cooperative has not yet been ablput anything into its savings
account. The most successful cooperative, Sagajéeeloped a savings account, but
must regularly withdraw funds to meet current caséds.

The experience of these two countries also sugtjests is desirable to retain some
degree of residual government agency involvemeitigator organizations, such as in
helping them to achieve financial transparencyt diy such involvement must be
clearly defined and circumscribed to avoid situagiavhere the organizations tend to
remain permanently accountable to and dependegbwernment. Most of the
maintenance deficiencies observed seem to stemtfrerarganizations’ belief that,
eventually, the government will come to their ressend carry out whatever work that
has to be done; i.e., it is a moral hazard prolilsbernethy and Sally 1999; Abernethy
et al. 1999 [forthcoming]).

Gender, Water and Poverty

Background

IWMI’s research on gender issues started in thiy @800s with short-term assignments.
In 1993 Margreet Zwarteveen joined IWMI as an AsstecExpert. In partnership with
national researchers, students, and internatiosétutes, she initiated case studies on
women’s roles in irrigated agricultune Nepal, Burkina Faso, Bangladesh, and later in
Mexico. The resulting Research Reports and artiol@sternational journal studies are
widely cited (Zwarteveen 1995a, 1995b, 1997a, 199Warteveen and Neupane 1996,
Meinzen-Dick and Zwarteveen 1999). In 1996 sheiveckthe ICID Award for Young
Professionals for her work.

The EPMR (TAC 1994) advised the Institute to exptmsl research and ensure its
further integration in IWMI's overall program. Folving up on this, IWMI hosted an
international workshop ofwomen and Water’ in 1997, in which leading scist#ion
gender and land and water resources pulled théal@knowledge together and
assessed the state of the art in this young acadesid (Merrey and Baviskar, eds.
1998). Key papers were also published in a spessak of an international journal
(Cleaver, ed. 1998). The workshop was followedHgyrecruitment of a gender specialist
and the establishment of the global Gender Povaniy,Water Project as part of the
Policy Institutions and Management Program in 1988he same time a country-based
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Gender Poverty and Water Program started in Pakiatad gender research in Latin
America continued (Bastidas 1999).

The Gender, Poverty and Water research continugtsitly women'’s roles in irrigated
agriculture, but it also examines inclusion and@sion of poor men irrigators and
includes policy and intervention analysi$ie overall research aim is to identify practical
policies that can provide both poor women and poen improved access to wafsfan
Koppen, 1999a, 1999b, 1999c). We have recentliated comparative field researich

six countries: Pakistan, Nepal, India, Sri LankatB Africa, and Mexico.
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Table VI-3. Financial position of rice-producing @-operatives at 30 October 1996,

Niger

Units: FCFA

SAGA KOURANI- KOURANI-

BARIA | BARIA I

Assets
Bank accounts:
Current account 495,552 224,338 87,567
Restricted account 24,856,818 4,278,248 -
Frozen accounts (BDRN) 2,494,590 10,778,053 -
Total 27,846,960 15,280,639 87,567
Debts owed to the co-operative:
Irrigators’ arrears 27,544,009 70,989,955 14,79,36
Others 2,708,868 4,755,698
Total 30,252,877 75,745,653 14,751,365
Total of assets 58,099,837 91,026,292 14,838,932
Liabilities
Debts owed by the co-operative to:
Fertilizer suppliers 3,100,000 52,003,680 -
NIGELEC 597,448 2,613,473 -
ONAHA 1,000,000 496,540 8,197,377
RINI 1,822,690 500,000 -
Centrale d’Approvisionnement - - 1,961,500
Ferme Semenciére 1,560,125 - -
Total of debts 8,080,263 55,613,693 10,158,877
Net assets 50,019,574 35,412,599 4,680,055
Net current assets 19,980,975 -46,355,409 -10,071,310
Net current unrestricted assets -4,875,843 -50,633,657 -10,071,310
Net assets per available hectare 126,312 87,288 18,260
Net current assets per available hectare 50,457 -114,260 -39,295
Net current unrestricted assets per available -12,313 -124,806 -39,295
hectare

Source: Abernethy et al. 1999: Table 10.
Source: System Directors and accountants of thepeoatives
Notes: 1 Net assets = total financial assetsal fistancial liabilities
2 Net current assets = net assets - frozen atseumigators’ arrears
3 Net current unrestricted assets = net curresgta - restricted accounts



IWMI's Achievements, 1995-1999 56

Capacity Building and Policy Dialogue

In each activity, the research process is delibfraised as an opportunity for capacity
building on the concepts and methodologies to address gandgroverty issues in
water managemen the current research activities, 16 senior amiby research
partners, five M.Sc. students, and two Ph.D. sttsleanefit from this on-the-job
training. This form of capacity building is complented by seminars for a wider
audience, hosted by the collaborating researchutes (South Africa, India). Dialogue
with national policy makerand peers takes place in formal steering and agviso
committees (Pakistan, Nepal), regular workshopp@Nesouth Africa, India), and
informal meetings (South Africa, Nepal, India, dakistan). This discussion of the
research questions, methodology, and preliminadirigs not only guarantees that
policy makers become more familiar with this relaly new issue but also raises their
interest in the final findings and policy recommatidns.

In South Africa, for example, preliminary field vikorevealed that the proposed path for
irrigation management transfer in a state-managkdnse in the Northern Province
would encounter insurmountable problems with regaiddnd tenure. A much simple
form of transfer, namely directly to water usersspective of land titles, was suggested
for policy makers’ consideration; they then sheltteel earlier proposal. Membership
vested in water users also offers more opportunitevomen, who are the majority of
smallholders in South Africa but tend to have wed&ed rights than their male kin (Van
Koppen 1999d).

Discussion and disseminatiohfindings and policy recommendations is organized
through national workshops, research papers and-aigiial training material (Video
forthcoming). A second International Workshop lenmed for January 2000. Global
policy makerdhave also solicited IWMI's expertise. The World \&aVision Unit in
Paris recently asked IWMI to assist in mainstreangender and poverty issues in the
overall World Water Vision, and the sector docummamiVater for Food and Rural
Development in particular. Last September the hagonal Commission on Irrigation
and Drainage (ICID) asked for IWMI’s assistancénttitutionalize attention for gender
issues in irrigation and drainage in their orgaira

Raising Awareness

A significant change can be observed in the peeckimportance of the research agenda.
At the start of this decade, merely raising ‘wonseissues’ was met with indifference, if
not skepticism, even among IWMI's own staff. By 798s measured by the wide

citation of its publications worldwide, IWMI's gemdresearch had significantly
contributed to a general appreciation of the lewtty of gender issues in irrigation
management. A major achievement in this regand Bakistan. In the mid-1990s gender
issues still met wide and overt resistance. Thesgg/later, however, IWMI's gender
program has attracted the interest of both NGOshatidnal policy makers.

Today, at the end of the decade, a keen awareassgtwn that not only the
marginalization of women farmers, but the margiration of both poor male and female
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smallholders is a key concern for the water seespecially under future growing water
scarcity. This issue is an important theme in IWAVviverall agenda. Coordinated and
multi-disciplinary efforts are devoted to the ckallje to develop pro-poor and gender-
inclusive irrigation and water resources policiest tcontribute effectively and efficiently
to the wellbeing of poor male and female smallhdde

Research findings

The general pattern that emerges from IWMI's eatlygies on women'’s roles in
irrigated agriculture, as listed in Table VI-4ilst irrigators ar@rimarily women in,

first, de jureor de factofemale-headed households (FHH). This type of hoalsemay
constitute a small proportion of the irrigating Beholds or a large majority, as is the
case in South Africa. In most studies local arramgets were found in which women
manage rather well to get their water, althougtinmes of scarcity they are reported to
have more problems than men. Only in rare caseh, & Ecuador, is irrigation still seen
as an exclusively male task even in female-headeddholds. Second, women in male-
headed households (MHH) are apgamarily irrigators if they manage their own irrigated
production units, as in Burkina Faso. Women frorthlibese categories are relatively
more interested to participate actively in tradiatly male-dominated water users
associations if they see an advantage of suclkcymation. The risk of a greater burden of
maintenance obligations was a disincentive for womehe Nepal case (Zwarteveen
and Neupane 1996).

Table VI-4. Overview of IWMI case studies women’sole in irrigated agriculture

Studied forms of Women'’s access Women
women'’s irrigated to water on plot participating
farming in WUAs
Nepal FHHs (minority good, fewer obligations on
(Zwarteveen and of all HHs)
Neupane 1996)
Bangladesh a. FHHs (minority) a. generally good started,
(Jordans and b.women in MHHs b. both men and waome supported
Zwarteveen 1997) involved in irrigation by agen
Burkina Faso women with good sometimes
(Zwarteveen 1997a) own plots (minority)
Ecuador a. FHHs a/b men most involved a/le rar
(Bastidas 1999) b. types of MHHs even in FHH
South Africa women majority men hardly involved both men and
(Van Koppen, 1999d) of irrigators women in
committees

FHH = female-headed households. MHH = male-hehdadeholds.
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Women in male-headed households working on thabauds’ fields, on the other hand,
either irrigate jointly with their husbands, esdlgi among the poor, or they leave this
task to the man and only replace him during higabs. This category of women rarely
participates in water users associations when thebands already go. However, active
encouragement by intervening agencies stimulatssettvomen to participate as well.

Another important finding is that women who haveess to land and other productive
assets, make highly productive use of it. Thisoisststent with the literature, which,
moreover, reports that smaller holdings reach hdritand productivity than larger
holdings (Van Koppen, 1999a, 1999c).

Ongoing Research and Future Orientations

Pro-poor and gender-inclusive water policies cosgpthree main areas, both at scheme
and basin level. These are new and existing iftogatchemes, and water-scarce basins.
The ongoing research is structured accordingly.

New schemes: targeted water development

Central research concern
Targeting technical, institutional, and financiapport to the poor and providing new
access to water management infrastructure for langebers of poor women and men
smallholders is a major means to improve the aju@l output of very small holdings
and to alleviate poverty.

Forthcoming outputs
Policy recommendations will be derived from the @ng South Asian case studies of
public infrastructure development (4 cases), ardl@ivate infrastructure development
(3 cases).

Future
As part of IWMI's recent emphasis on smallholdeteavananagement systems in dry
areas, such as supplemental and precision irrigata rain water harvesting, the focus
will shift to the access to and adoption of theadipular technologies by both poor
women and men in South Asia and Africa.

Existing schemes: equity in water management

Central research concern
In existing schemes poor water users, women watmsioften have particularly weak
water rights, but bear full obligations. Their viigding can be improved by redressing
these inequities in rights and obligations, fotamse, by opening up formal membership
in water users associations, first, to water usérs use but do not own the land, and,
second, to more than one member per householdifi§peterventions in existing
programs such as irrigation management transferetrabilitation often offer ample but
largely untapped opportunities to that end.
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Forthcoming outputs
Policy recommendations will be derived from the @ing case studies of irrigation
management transfer in Pakistan, India, Sri Laakd, South Africa.

Future
The emphasis on irrigation management transfepurttBSAfrica and Pakistan will
continue. As part of IWMI's overall work on povettycused smallholder irrigation in
South Asia, the research attention in India andaNeydl shift to collective management
and rehabilitation of village tanks and ground wagéeharge devices. Moreover, we will
broaden our focus to include women’s and men’s fitsrfeom multiple uses of irrigation
water.

Water-scarce basins: Pro-poor and gender-inclusntegrated water management

Central research concern
Under growing competition for water there is an iemse threat that the needed water
savings will be forced upon the poor with weaketewaights, whereas those poor
smallholders without access to infrastructure sk, being excluded forever. Pro-poor
and gender-inclusive integrated water managemetégis poor people’s current water
rights, allocates new water rights to poor peogdi® are new irrigators, and ensures that
the needed water savings are borne largely bydhepoor.

Forthcoming outputs
A better understanding of these new, highly compleblems, and first policy
recommendations for pro-poor and gender-inclusitegrated water management in
water-scarce basins will be derived from two ongaiase studies in Nepal and South
Africa.

Future
As an integral part of IWMI’s overall basin-workew studies will:

* assess current water use by poor women and methamupact of increasing
competition on this use, and develop monitorindsd¢o that end

» analyze processes of representation of poor peojplrests in river basin
management institutions, to identify effective pwms for their more effective
representation

» assess water productivity according to class andeye

During the workshop of January 2000 findings fraMMI's ongoing research in South
Asia on gendered smallholder irrigation and poéoyl intervention analysis will be
discussed to identify policy implications and remiag gaps. These results will guide
further research. In October 2000 a similar exeraidl take place in South Africa, in
collaboration with the South Africa National Comtaé for Irrigation Development
(SANCID). Research dissemination, capacity buildengd policy dialogue will continue
as described above.
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Conclusion: Future Directions of the Policy Instituions and
Management Program

Our work on river basin institutions really begamyoin 1999, through implementation of
two donor-funded projects covering about ten rbv&sins in as many countries. These
basins represent a range of hydrological and utgirtal characteristics. Some are in the
midst of major reform processes (e.g., the SoutitAfand Mexico basins); all are facing
severe water scarcity and pollution issues. Saméa&ing a bottom-up participatory
approach to forming basin-level institutional agaments (e.g., South Africa and
Mexico again); others are taking a more centraleggoroach (e.g., Turkey). The work
on these basins combines water accounting andrpeafice assessment with institutional
analysis; results are expected beginning in 26920

Vermillion and Merrey (1998) draw attention to tleguirement for major institutional
reforms in most developing countries if they arengdo respond effectively to growing
water scarcity. The most important reforms are:

a) replacement of administrative with service deliverganizations;

b) conversion of irrigation systems to multiple usdevaervice systems;
c) transcending the infrastructure dependency-detraor trap; and

d) implementation of integrated water basin management

Vermillion and Merrey suggest the diversity amoregav basins requires an
experimental approach to encourage the evolutiaifettive institutions; there is no
universal solution. The starting point in IWMI'srcent work is that there are a limited
number of essential tasks that must be done faaisiable and effective management of
water basins. These functions are of two typeatéwresources policy and regulation,’
and ‘water service delivery’ functions. For eaesib, the questions are:

1. Are the essential tasks being done?
2. If so how effectively are they being done?
3. What are the gaps, and what are the possible gofuto fill these gaps?

An important conclusion of IWMI's work on transfef irrigation management to
irrigator organizations is the critical role of theer-arching policy framework within
which these programs are conceived and implementhi is a key determinant of
success or failure of transfer programs. Studywlgep frameworks affecting the water
sector is becoming important to IWMI for other reas, too. For one, there is a growing
sense that water sector policies are not changrigsh as new problems are emerging;
second, policy initiatives that are adopted in dgweg countries commonly lack a
sound analytical basis and therefore prove diffituimplement, when not self-
defeating. With the growing recognition of wateaszty as the central challenge facing
the world, a need is increasingly felt to work ola@ger—and in some ways more potent
-- repertoire of instruments of policy action iretivater sector.
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Newer issues that have come to the center-stalygMf's agenda also make policy
analysis important. For instance, IWMI’'s concerhwpoverty and gender issues enjoins
it to develop better understanding of small holdater management systems and the role
of government policy as it affects these. In mdayeloping countries, groundwater is
fast surpassing government-managed canal systethe pamary source of irrigation. In
groundwater irrigation, institutional issues areadbtally different genre and can not be
analyzed except in conjunction with broader reguiaaind policy frameworks at

national and sub-national levels. For example énSbuth Asian region, where
groundwater accounts for nearly 60% of all irrigatigroundwater irrigation is farmer-
managed; but the central challenge facing it issoatnuch of cost recovery or even
efficiency but equity and sustainability.

In evolving the future agenda of the Institutiokgnagement and Policy Program,
IWMI's key hypothesis is that, taking the river braas a unit of analysis, we can develop
a better understanding of the complex issues afieficy, equity and sustainability in
water management by expanding our work to encompassitional as well as policy
analyses. The broadening of the focus will be agdmimed gradually over a year or so
and will be integrated into IWMI’s current work amstitutional support systems for
sustainable water management.
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VII
System Wide Initiative on Water Management (SWIM) fhase |

Introduction

SWIM (1999) reports on the results of the first gdhaf the System Wide Initiative on
Water Management (SWIM). This initiative was mddaessize, and was designed in a
way that would lead to follow-up on interestingasé¢hrough the normal research
programs. The summary given here is based onhthgep report, and indicates what
follow up is envisioned on each of the topics.sétme cases work is continuing; and at
the end of 1999, Phase Il of the SWIM work is bamgated.

Accounting for Water Use and Productivity (SWIM papers 1 and 8)

One of the most important tasks for SWIM has beesstablish a standard procedure of
accounting for water and measuring water produgtivEven among irrigation and water
management researchers, there continues to beleoasie confusion in the use and
interpretation of terms such as “irrigation effiooy” and “water productivity.” SWIM
Paper 1Accounting for Water Use and Productivitolden 1997), sets forth a
methodology for accounting for the use of water am@hsuring water productivity in an
irrigation system. SWIM Paper Blultiple Uses of Water in Irrigated AregBakker et

al. 1999),llustrates the application of this methodologwatesearch site in Sri Lanka.
The methodology is now being widely used in otliedies at IWMI.

Work will continue in Phase Il of SWIM as well dsdugh the Irrigation and Water
Resources, Policy Institutions and Management Health and Environment Programs.

Increasing the Productivity of Water (SWIM Papers 2 5, and 7).

Productivity and Prevention of Resource Degradation

One of the major issues facing irrigated agriceltisrthe continuing loss of crop area and
reduction in yields due to salinization. Colleagja¢ IWMI, the West Africa Rice
Development Association (WARDA) and other instibuis worked together to review the
literature on this subject. Two small workshopseneeld in the fall of 1997 in Pakistan
and in Senegal. The first phase of this work wasmeted with the publication of

SWIM Paper 2How to Manage Salinity in Irrigated Lands: A SeieetReview with
Particular Reference to Irrigation in Developing @dries(Kijne et al. 1997)

In Phase II, a project on salinity management irst¥drica has been prepared by
WARDA and IWMI, and may be initiated shortly in tadyoration with ORSTOM and
CORAF.
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Water Efficient Irrigation in Rice-Based Systems

A team of scientists led by IRRI has been studywags to increase the productivity of
water in rice-based systems. An IRRI/IWMI team méelel trips to China in May and
India in October 1997 and a review of literaturesypablished in 1998 — SWIM Paper 5,
Producing More Rice with Less Water from Irrigateeas(Guerra et al. 1998). IWMI
and IRRI scientists are now cooperating with Chengsentists in further research on this
topic (see section IlI).

Managing water scarcity and increasing the prodiigtof water in the dry regions and
water-scarce areas present a major challenge.ni&méational Center for Agricultural
Research in Dry Areas (ICARDA), the Internationain@r for Research in Semi-Arid
Tropics (ICRISAT) and IWMI conducted a review dtliature on farm-level techniques
for raising water productivity such aster harvestingandsupplemental irrigationA
major conclusion of SWIM Paper Mater Harvesting and Supplemental Irrigation for
Improved Water Use Efficiency in Dry Arg@weis, Hachum and Kijne 1999)s that
improved techniques of water harvesting have nehlvadely adopted by farmers
because social, economic, and management factoesimaglequately integrated into the
development of the system and that both technigtmsde real opportunity for
improved water productivity in the dry areas.

In Phase II, IWMI, ICARDA, ICRISAT, and WARDA willvork together to address the
problems of the water-scarce areas with a partidatais on sub-Saharan Africa. IWMI
also plans work on ‘small holder water managemsgstems’ in India. In December
1999, ICARDA, IWMI, and NCARTT (National Center féxgricultural Research and
Technology Transfer) of Jordan will hold a confere on Water Resources
Management, Use and Policy in the Dry Areas.

Managing the Allocation of Water (SWIM Papers 3, 46, and 8).

Intersectoral Water Allocation in River Basins

There is an urgent need to improve the managenmenaléocation of water among
competing sectoral demands at the river- basin tevachieve greater efficiency and
environmental sustainability. A variety (to thgr@an an often confusing array) of
simulation and optimization models have been usetitiress policy, operations, and
research issues with mixed success. Scientiststiiertyniversity of Texas, IFPRI, and
IWMI have reviewed the evolution of modeling and turrent state of the art: SWIM
Paper 6Modeling Water Resources Management at the BasialLReview and Future
Directions(McKinney et al. 1999)The paper emphasizes the potential of coupled
economic-hydrologic models and suggests the mgsbppate directions for modeling
to provide answers to real-world policy questions.

This project has led to a closer collaboration leetwIFPRI and IWMI in the modeling
of water policy issues. Research employing riveibanodeling continues at IWMI field
sites, for example in Mexico. A major focus atganet involving IFPRI is in the
development of a model that can be employed atdbatry level to project supply and
demand for food grains, taking into account waterstraints.
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Multiple Uses of Water at the Local Level

Complementing the work at the river-basin levedfiedy was launched to identify and
value of the multiple uses of irrigation waterla tocal level and to begin to consider the
impact of withdrawing water from agriculture. Aata of researchers from IWMI, IFPRI,
and the International Center for Women met in 11997 to develop a research strategy.
Because there was so little literature or previ@search in this area, the team decided to
choose a site for testing out methodology—the Kirf@ya Irrigation System in southern
Sri Lanka. SWIM Paper 8 (Bakker et al. 1999; sssign V) presents the results of this
initial study presenting to the reader the compjeaf issues surrounding both users and
uses. Conflicts arise among stakeholders repregeatwide variety of needs ranging
from daily household water requirements, to crog larestock requirements, and
requirements for fishing and wildlife habitats. $lof these stakeholders have no voice
in decisions regarding the allocation of irrigatiwater.

Stemming from the initial work on water qualitykatindi Oya, a project was developed
in 1997 in collaboration with the Council of Agritwre and the Engineering Research
Center of the Republic of China entitistliltiple Uses and Water QualityThe funds
provided over the past 2 years have allowed théworwater quality to be extended to
Pakistan and Mexico.

The Kirindi Oya study also reports on the conftiger the competing uses of water for
irrigation and for a wildlife habitat. Water frothe irrigation system is draining into the
brackish lagoons reducing the concentration ossaitl destroying the grounds for the
raising of prawns and as a habitat for birds, paldirly flamingoes. As a part of Phase
Il, a study has been prepared and submitted fatifignin collaboration with the Sri
Lankan Department of Wildlife Conservation (sedisecV).

Improved Water Utilization in a Watershed Perspeet

A team led by ICRAF with support from WARDA and IRPmet in May 1997 to discuss
procedures for reviewing and evaluating watershadagement practices in other
CGIAR centers and in India. The report (SWIM Pa@erOng et al. forthcoming) is still
being processed, but of the five Center “watershpdjects examined, it was noted that
only one dealt substantively with management ofiater resource. This reflects the
fact that many centers simply do not have the inskaexpertise to deal with this issue.

Two other reports have been published which havergged a great deal of interest:
SWIM Paper 3Water Resource and Land Use Issaed SWIM Paper 4mproving
Water Utilization from a Catchment Perspect{@alder 1998; Batchelor et al. 1998
fact, SWIM Paper 3, which challenges some of theveational wisdom and beliefs
(among layman, not forest researchers) regardagipact of forests on soil and water
conservatiorhas had the largest number of downloads on theaneing all IWMI
publications.
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VIl
Outreach and Impact Activities

Introduction

This section provides selected information on wawke in some of our partner
countries. It is not comprehensive, and theremsesoverlap with research results
reported in previous chapters. Nevertheless, tha@y give the reader a perspective on
the priorities within each of these national progsa

Pakistan

Introduction

IWMI has become an independent and honest adws@ilffour provincial irrigation
departments and the Water and Power Developmethiofitit in Pakistan. We consider
this to be the single most significant achievenhgritWMI in Pakistan.

IWMI's achievements in various disciplines are susmnized under the following
headings:

Institutional Reforms in the Irrigation Sector

Decision Support for Irrigation Canal Management

Water Markets in Irrigated Agriculture of Pakistan

Salinity, Drainage and Groundwater Management

On-Farm Water Management: Evaluation of Bed anddvuirrigation Methods.

arwnE

Institutional Reforms in the Irrigation Sector

The Indus Basin Irrigation System is of central aripnce to the economy of Pakistan,
which is managed by federal and provincial agencies the largest contiguous

irrigation network in the world. It transcendsfallr provinces of Pakistan and forms a
continuous semi arid ecological region. It inclsdieree reservoirs, 19 barrages, 12 inter-
link canals and 44 independent canal commands.afheal average water supply
through this network is about 180 billion cubic Brstand the command area is 16
million hectares.

Unfortunately, the quality of irrigation serviceshdeteriorated over time, and the
condition of the infrastructure is deterioratindnatges levied on farmers for irrigation
services are inadequate to meet operation and enainte expenses, in part because the
charges and recovery rates are too low, in padusethe irrigation departments are
inefficient and over-staffed. As a result, produityi is far below potential, salinity and
water-logging are spreading, over-exploitationresh aquifers is widespread, and
excessive use is being made of poor quality groatelv- to the detriment of the soils
and the long-term productivity of the sector.
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The Government of Pakistan has recognized thisvaednade a commitment to reform
irrigation management institutions. The searchstdutions to the problems outlined has
resulted in 1997 in the passage of the Provinaoigldtion and Drainage Authority
(PIDA) Acts in the Punjab, Sindh, Baluchistan armatthwest Frontier Province. Under
these acts, the present Provincial Irrigation Depants will become Irrigation and
Drainage Authorities. Farmers would be organizethke over operation and
maintenance of watercourses and distributariesw institution — the Area Water
Board — will be the intermediary between these levels, receiving water from the
PIDAs and distributing water among the federataghnizations of farmers. Farmers
will be responsible for levying charges for irrigat and drainage services, with the
proceeds divided among the PIDAs, Area Water Boandisfarmer organizations to
reflect costs at each level.

In parallel with formulation and passage of these taws, IWMI has organized farmer
organizations at secondary level in the Hakra 4®ibdutary in the Punjab Province,
three distributaries in Sind province and in theaBmams area of Punjab. Short to near
term impacts of these activities are summarizedvbésee section VI).

Farmer Managed Irrigated Agriculture in Sind

An action research program conducted in three gikitibutaries in the Sindh Province
found that organizing water users at the seconie@as} is socially viable. The
methodology used was characterized by a step-wiseegs, catalyzed by a locally
recruited small field team with the assistancearhmunity-based social organization
volunteers. Training and other forms of capacityding were the major motivating
influences. A field implementation coordination aoittee consisting of representatives
of all service delivery agencies working in theaaraong with selected water users,
highlighted the needed farmer-agency coordinatr@hgreatly facilitated an incentive
mechanism through collaborative activities.

The three water user federations negotiated witkeigoment irrigation authorities and
entered into separate joint management agreemiviss]) for managing water resources
at the distributary level. The JMAs could not beegi effect as the government suddenly
decided to keep them in abeyance due to a prodatitfreulty imposed by the present
legal framework. However, the water user federatiomceeded to test their capacity by
undertakinga planned maintenance program during the canali@geeriod, and also
initiating a maintenance-related infrastructure iaygment program. Testing the
economic viability of water user federations was campleted, as the JMAs were not
operational. Replicability of this social orgartina program lies in the methodology
adopted, deployment of small field teams and tleeafisocal volunteers. Sustainability is
enhanced by the phased step-wise organizationala@went process, which has proved
to be a success in consolidating the organizedvi@ha
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Small Dams Project

On the 31 small dams in the Pothwar region of Rynjagation performance has
generally remained low. To expedite the procesgfoirm by providing new knowledge
and potential models for reform implementation, \\MMth the Water Research Institute
of the National Agricultural Research Center of iRt and the Small Dams
Organization of the Punjab Irrigation and Power &&pent, carried out an action
research program. The program was applied at thietesites for an appraisal of
improvement in irrigation system development atlsaems in the Punjab through the
active involvement of water users organizationardoff et al. 1999).

Hakra 4R Distributary

The Hakra 4-R distributary is the largest pilot estment (Bandaragoda and Memon,
1997) relating to farmers’ participation in Soutkid& The impact assessment of farmers’
participation along the Hakra 4-R distributary pipwoject was done to provide
information for reform implementers to improve th&trategies and approaches for social
organization, planners to clarify their concepts] aesearchers to develop effective
models and methodologies (Waheed uz Zaman, 1998).

The impact on water availability shows that farmdesnands for water supplies since
the formation of the farmer organization have sthreaching the PID quickly, and the
PID now considers the farmers’ demands as pats alistributary operation. The
general belief was that farmer organizations wdaddaontrolled and monopolized by the
‘influentials’, leading to enhanced inequity rathiean equity. Contrary to this belief,
farmer organization office bearers of the Hakra BiRributary took many measures to
induce water equity. Impacts that speak for thewesehs a result of decisions taken by
farmer organization leaders, are to refrain frostalling seasonal pipes, to assist the
Irrigation Department to correct outlets and to iaye water equity at the tail reach.

O&M needs have been translated in terms of manageamel financial responsibilities,
with IWMI’s active facilitation. This is also a n@worthy impact of farmers’
participation. Undertaking cost-effective and gieramaintenance is another noticeable
impact of farmers’ participation. The financial &ss shows that maintenance
undertaken by the PID is three times more experitbae by the farmer organization. A
clear impact of the maintenance undertaken by faorganizations is that it is cheaper,
efficient and based on needs. Participation ofith@nstream farmers to repair the initial
section of the distributary is also visible eviderd impact.

Another prominent feature of the impact of resounabilization is the farmer-leaders’
indigenous knowledge; they also acted as resopes®ns to harness organizational
skills. For organizational networking, water useganizations undertook a wide range
of activities (from irrigation management to thezeonment) to solve problems inherent
to the farming community. The impact was quiteblisibecause these problems were
solved by mobilizing organizational links and witlidhe need of the informal payments.

Considerably improved interaction between water asganizations and government
agencies is a result of farmer organization int&faith government agencies. A 24-
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point memorandum of understanding was agreed ugmideal impact would have

been for responsibilities to be transferred tofémmer organizations. Nevertheless, these
interactions have still had a substantial impactlee a limited role for the water user
federation and PID to manage the distributary leeslyedefined. The second positive
impact associated with these interactions is theeased commitment to participatory
reforms observed at higher levels of the Irrigattmpartment. The third impact, as a
result of farmer-agency interface, is that informpayments to agency field staff for
additional supplies have reduced significantly.

Conclusions from the three studies
The following conclusions can be drawn from theéhstudies:

* IWMI demonstrated farmers’ ability to organize la¢ distributary level in three
distributaries in Sind, the Hakra 4R distributamyPunjab and areas around small
dams. Social and institutional constraints, whiampered an equitable access to
water, were identified. Furthermore, despite aamsts, the WUOs were inclined to
adopt measures for enhanced O&M and command avedogenent initiatives.

* IWMI prepared a model for reform implementatioriteg distributary level for policy
makers, farmers, and donors.

* Farmers mobilized resources from private, non-gavent, and government sectors
for literacy programs, fertilizer investment, holuskel water supply schemes, credit
for micro-enterprises and agricultural inputs, aegltural extension services, and
medical and veterinary services.

Decision Support for Irrigation canal Management

Chasma Right Bank Canal

The Chashma Right Bank has a discharge capacit$&tubic meters per second. The
main canal off-takes from the Chashma Barrage erritius Basin. The 258
kilometer-long main canal serves 230,675 hectairémd in two provinces, the Punjab
and NWFP. An intensive distribution system has genided on the left bank of the
canal to serve the command area between the cash@hea river Indus. WAPDA
requested IWMI to model the hydraulic behaviorte thain canal.

IWMI identified:

* low and varying velocity, dead storage, over-draagapacity of the head regulators,
high command areas with lower water demands asritieal parameters affecting
performance of the canal.

* sensitive reaches, cross regulators and distripliead regulators, which could face
problems during the water stress periods.

» the scope for improvement for about eight probléendistributary head regulators
(Habib et al. 1999).
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Impact of interventions at primary and secondargala on water deliveries to tertiaries

At Fordwah main canal in Punjab, current operalionas have induced an inequitable
and unreliable water distribution for the waterrgsdWMI's mathematical modeling

study showed that restoration of the official rukesot a solution. The study also

showed that it is possible to improve the watetrithigtion at the main canal level, by
adopting alternative operational rules. Implemenarrotation throughout the season,
involving mainly the larger secondary canals, whiaintaining fixed 8-day delivery
periods can do this. This is beneficial for therfars who share the water through a 7-day
roster of turns. Thus an equitable water distrdoutihe official principle of irrigation in
Pakistan, can be restored (Kuper 1997).

Pehur High Level Canal Project

The Upper Swat Canal system is presently irrigatibgy, 700 ha in the North West
Frontier Province of Pakistan. The present schimmeemodeling of the old system and
construction of Pehur High-Level Canal started991L The major features of the
scheme are- (1) a shift from supply-based irrigatacrop-based irrigation and (2) an
addition of 20,000 ha to the command area. IWMs wequested by WAPDA to provide
operational support for the Pehur High-Level Cdfralject. We examined the proposed
design of all three-branch canals. The deliverygoas of distributaries and direct outlets
were computed to check the delivery efficiency. Tésponsiveness of different manual
upstream control and automatic downstream congigailators was evaluated (Habib et
al. 1996). The canal is currently being construcéédhg IWMI's findings into account.

Developing Downstream Gauge Ratings

Most irrigation canals have a substantial numbestiafctures for controlling water levels
and discharge rates throughout the system. Mattyesk flow control structures use
gates for regulating the water. A common practiceughout the Indian sub-continent
and many other locations, is to place a verticHf gfauge downstream from the flow
control structure. Then, a stage-discharge relaktignis developed using current meter
measurements. This relationship is prepared asng table that provides the gate
operator with the required water level on the ddvaasn gauge for any discharge rate
specified by the irrigation manager.

After calibrating numerous flow control structuré&/MI discovered that the actual
discharge rate is usually 15-25 percent less thamdwnstream gauge rating. In other
words, less water is flowing in the canals than wwhaeported. IWMI carried out
research to find solutions to minimize this errdhe major conclusion from this research
is that the KD-formula is appropriate for develgpoiownstream gauge ratings. A
modified gauge rating method using KD formula wasealoped and presented to
provincial irrigation departments (Vehmeyer etl&l98).

Water Markets in Irrigated Agriculture of Pakistan

There exist very active surface and groundwateketaiin Punjab (Meinzen-Dick 1996).
As a result of the detailed monitoring of irrigatiovater use in eight water courses, a
better grasp was obtained on canal water transecti@at are, in fact, more active than
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what has been reported in the literature. Cana¢mtednsactions are mainly short-term
transactions that involve a part of farmers' waiens and compensate for the variability
in watercourse head discharges. Groundwater ttdosa play a dual role: they increase
the water quantities available on farm, and comgienfor canal water supply variability.
In cases of high unreliability in canal water syppligh conveyance losses, and access to
groundwater resources of good quality, farmersiwitértiary units develop intensive
canal water markets with the sale and purchaseaténturns for a week or for the
season. The impact of tubewell water markets on fgross income is significant and
estimated at 40% of the actual gross income agtgedar the eight sample
watercourses. The impact of existing canal watarkets on agricultural production is
more difficult to estimate. Short-term flexibility a very important element of such
transactions (Strosser 1997).

Waterlogging, Salinity, Drainage and Groundwater Magement

In the Indus Basin of Pakistan, approximately 40,88 goes out of production due to
salinisation and sodification per annum, and mbsh&se lands are within areas where
an expensive irrigation infrastructure is in pla@y reclaiming such lands for
agricultural production the economic returns frdra land as well as the irrigation
infrastructure will be improved. IWMI has carriedt a number of studies to develop
guidelines to mitigate waterlogging and salini@nly two are reported here.

Low cost water saving salinity reclamation method

In arid and semiarid regions, large tracts of ldadeloped for irrigation are being
abandoned each year due to secondary salinizatondaline water tables. During
non-monsoon months, the mulchability of the surfagers and the hydraulic properties
of the subsurface layers influence the rate oheadtion of these lands. During monsoon
months, the infiltration rate of the surface layansl the depth to the water table control
leaching of the surface layers. Mechanical culiorabf the surface layer will increase

the mulchability, break the continuity of micro perbetween the surface and subsurface
layers, and increase the infiltration rate of sheface layer. These changes to the soil
physical properties will minimize the rate of saation and assist reclamation of these
saline solls.

In this respect, the effect of surface cultivatiorgnsoon rains, depth to water table, and
groundwater salinity on secondary salinizationes@uated using a numerical model,
SWAP93 (Prathapar and Qureshi, 1999; see als@medt. The simulations were
performed for three water table regimes (i.e.,8,4 m, and 1.5 m). The surface
cultivation was done before the monsoon. The reshiow that with a water table at 1 m
or below, abandoned saline soils can be reclainggatd»monsoon surface cultivation
within a few years. The rate of reclamation is éygndependent of the groundwater
guality. Continuous pre-monsoon cultivation wilegent re-salinization of these soils.
The rate of reclamation is inadequate if the watble is at 0.5 m. The results of this
study can be applied to parts of the Punjab andSamovinces of Pakistan, where large
areas are being abandoned due to secondary satiniza field experiment carried out
by IWMI confirms results obtained with the numetinaodel.
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This method has minimal cost to farmers and witlneguire additional canal water
supplies.

Salinity and Drainage Assessment: Fordwah Eastadidta Project

The Fordwah Eastern Sadigia (South) (FESS) prajea is located in southeastern
Punjab Province. The gross command area underdfecpis 137,000 ha. The surface
water is distributed from distributaries along Hh@kra and Malik Branches, from minors
and direct outlets. Waterlogging appears maintyhecentral and northeast parts of the
area. A comparison with previous surveys indicategicreasing trend over time. The
Government of Pakistan is constructing a drainageork, for which IWMI provided
research support to assess the extent of salimityvaterlogging.

Available literature were reviewed in order to aetme trends of salinity/sodicity build-
up by comparing the past and present salinity/stydiesearch studies. The study reveals
that salinity is associated with a high water tabie covers about 24% of the area. Also,
its efficacy has begun to manifest itself everhie iniddle reaches of the canals that were
previously safe, where farmers are replacing cottiin rice cultivation. Presently, the
areas appear normal (water table depth rangingdeeti50-180 cm, without salinity),

but are liable to be infested with waterlogging aafinity in the future. Nearly 18% of

the FESS area fall in this category (Aslam et 899).

This study also assessed the spatial and tempaahdwater recharge in the project
area. Four years of piezometric data have beeyzethto assess the water table
behavior and the monthly net recharge, and to estimirainage requirements and the
areal extent of waterlogging. Results show thatwhater table in the area is in dynamic
equilibrium with a slight rising trend. The monthisMarch, August, and December
exhibit peaks of net positive recharge over th&ibigtary commands. The months of
July and November also show positive net rechatggez(and Ahmad 1999).

On-Farm Water Management: Evaluation of Bed and Faw Irrigation Methods

A study was conducted to compare bed-and-furrogation method and basin irrigation
method. Overall, 35% less water was applied ta$ieith bed-and-furrows. Yields in
both fields were comparable. However, farmers tendigate fields with bed-and-
furrows more frequently. Farmers observed rapyihdrof soil in fields with bed-and-
furrows. Another factor which influenced frequeracyd amount of irrigation, was the
depth to water table. It is assumed that the dmrtton of capillary rise allows farmers to
irrigate less frequently (Kalwij et al. 1999).

Mexico

This section is based on a final report currentigler preparation in Mexico.

Evolution of the Program Strategy

By virtue of its major program of irrigation systeérmansfer, the existence of a relatively
large low-income component in the irrigation sectbe availability of appropriate
collaborators, and the potential for significanteeral financial support, Mexico was
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identified in the early 1990s as a logical locationwork on irrigation management
transfer issues. Our strategy involved a thre&ged approach: conducting
collaborative research; increasing local and naticapacity to address water-related
issues; and providing a limited amount of technasasistance.

In the 1994-96 period, studies were carried otilhéMexico sites to examine the
agricultural and economic performance of a numlbéramsferred systems. In addition,
social and gender equity and environmental impsttas were studied. The initial
studies emphasized the technical and economicrpeaftce, while later studies stressed
institutional and organizational questions, inchglguestions of water rights, and gender
access to water. The environmental concerns fdcos&uestions of groundwater
utilization and depletion. The findings on managetrtransfer impacts are discussed
above in section VI.

In furtherance of the capacity building compondrthe strategy, efforts were made to
involve Mexican graduate students in the field aesle program. This was intended to
increase the pool of individuals trained in fiebearch techniques related to irrigation,
and to influence the nature of the research beangec! out by the Colegio de
Postgraduados (CP) and the INIFAP. M.Sc. studsats provided with field research
fellowships (through the CIMMYT training programfigg), logistic and supervisory
support. Students were selected from the Centididi®ciencias (Center for Water
Sciences) and from the Desarrollo Rural ProgramrgRDevelopment Program) of the
CP. Students from the former institution includedgjineers and sociologists. Those
from the latter had primary interests in the gensglenes, and came from the Women'’s
Studies Program. Field logistic support was alewided to a limited number of Ph.D.
candidates.

A more indirect approach to capacity building hasrbparticipation in local, regional
and national conferences and workshops. Thisggaation has included involvement in
planning, provision of financial support, and praséion of research results.

By 1996, the widespread prevalence of a severggtit@ncouraged a shift in emphasis
from management of the irrigation systems to issaked to management of the water
resource paralleling a similar shift throughout IM\VMVhile the emphasis shifted, the
research questions were still cast in the contettteoirrigation sector, with a strong
regional (Mexican) input.

The drought provided an opportunity to evaluateitigact of water shortage on the
performance of the transferred systems, and thadees continued at the three locations.
These included studies of the performance of themser organizations. Of particular
interest were issues related to irrigation systemmtanance, since this represents the
largest expenditure of funds. In relation to tinesearch was carried out on computer-
assisted decision-making, in collaboration with Hydics Research (HR-Wallingford).
Together we evaluated the utility of HR's compudssisted maintenance decision
making model (MARLIN) for Mexican conditions. Tineodel was given a Spanish
language adaptation and tested in a pilot module.
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The capacity buildingffort is continuing at a relatively high level,ttvisupport for both
M.Sc. and Ph.D. studies. In the latter case, tbgram is responding to the interest of the
Ford Foundation in the activities of a major NG@lternativas y Procesos de
Participacion Social — in developing potable watguplies. The study is complementary
to IWMI's watershed focus in the Lerma-Chapala baseing a watershed-based study
evaluating the appropriateness of different hydgi@onodels. Additionally, special
conferences were organized by IWMI to present éselts of the research program to its
collaborators (especially the water users) andheranterested parties.

The technical assistanpeogram includes application of the decision-suppgstem to
an irrigation district in the Lerma-Chapala regiorgluding the training of district staff;
furnishing of data and understanding of the watelity implications of waste water use
to the staff of the Water and Sewer Authority ad @ity of Guanjuato; and provision of
satellite imagery of the Lerma-Chapala Basin to @ussion staff.

Knowledge Generation

Prior to IWMI’s collaborative research program,arhation on the performance of
transferred irrigation systems in Mexico was baggoh assumptions, anecdotes and a
guestionnaire study carried out by the CP. Thenewe data-based studies of actual
performance. IWMI's studies have challenged cotiveal wisdom about transfer, and
have generated substantial discussion at locahatidnal conferences and other forums.

IWMI's comparative studies have revealed significdifferences in the adaptation of
Mexico’s transfer process to local environmenthisRbility to adapt is an important
element in the success of the transfer programp#ret organizations and countries do
not generally recognize this aspect of the progaarthey attempt to adopt the Mexico
“model”.

The studies of water user organizations revealaduseshortcomings that will affect
their financial and institutional sustainabilityhdse have led to recommendations for
changes in the water fee structure, to include bréd (based on access potential to
water) and variable (based on water use) compowétite structure. The studies also
revealed needs for greater transparency of WUAatjpers, and increased
communication with the users. The results of taggsmance studies have highlighted
serious economic and social problems in the inogesector, while the water market
studies have provided the first understanding efrthture and extent of an increasingly
important element of water resource managementaridd. The studies of WUA
performance in relation to maintenance investmeaise serious questions about the
utility of those investments. Since these repreadarge share of association budgets,
reevaluation of maintenance priorities is of majoportance.

Capacity Building
The pool of individuals trained in field researelshiniques related to water management
has been increased by 18: 16 M.Sc. and two Ph.D.
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IWMI Spanish language publications now reach o iddividuals and organizations
throughout the world. Approximately two-thirds amelatin America, 20 percent in the
United States, 13 percent in Europe and a fewheraiegions.

IWMI staff members have participated in a numbeloo&l, national and international
forums during which the research findings have hesmsmitted and discussed.

Training in application of the MARLIN model was pided to Module and SRL staff.

Training in water measurement techniques was peavid INIFAP staff in Lagunera and
border regions; similar training was provided taffsvf selected modules.

Training and hand-on experience related to theuawiain of water quality has been
provided to staff of the Guanjuato City Water Bqadd students of the University of
Guanajuato.

Turkey

This section is adapted from the final chapteheffinal technical report on IWMI's
work in Turkey (GDRS and IWMI 1999). Supportedyely by the Government of
Turkey through a two-year contract with the GenBiia¢ctorate of Rural Services
(GDRYS), this work produced significant researchultessvhile also contributing to
capacity building. Some of the research findingsdiscussed in sections Ill and IV.

The State of the Gediz Basin

The Project has concluded that at the presentttiere is no systemic shortage of water
within the Gediz Basin. There is sufficient sudarater available to meet the needs of
both surface and pump irrigation, and, with thesgae exception of some short-term
seasonal shortages, all other water users haveaideqater at present.

They did not in the recent past. The drought &32994 led to immense pressure on
the State Directorate for Irrigation (DSI) from seal quarters: irrigated agriculture,
wetland preservationists, the water quality lobbgt enunicipalities who wanted

increased domestic supplies. By and large it apgptbat the steps taken to cope with the
drought were satisfactory, and it is important dterthat the same procedures have been
maintained to the present time even though wateditions have improved since 1995.

Field studies looking at current levels of irrigatiperformance concluded that water is
being used with a considerable level of efficiendyis has resulted from lessons learned
from all parties as a consequence of the catastraipbught of 1989-1994 that
challenged the ingenuity of policy makers, watenagers and water users alike.

The Gediz Basin in its present form representsfarient and effective model for water
allocation and utilization under potentially was#iort conditions. While different sectors
have had to make sacrifices (power generation ti#sred, farmers have had to switch
to less water-demanding crops, and some birds tiad® the net result is a relatively
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harmonious and productive use of water that hapabential to be sustainable into the
future.

Further, irrigated agriculture in the basin is gedfle, adaptable and resilient. Even
though irrigated agriculture has to take the banfrfeduced water allocations at sector
level, with most benefits going to urban and indakusers, it should be able to remain a
strong contributor to the rural and national ecopdon the foreseeable future.

Integrated Basin Modelling

The project has been successful in demonstratatgifferent models can be used in an
integrated manner to simulate the hydrology of sirbat basin level itself, at irrigation
system level and at field level. These simulatiareslinked so that changes at one level
can be assessed at all levels, and can be useddioario analysis of possible changes
internal and external to the basin.

All successful models are presumed to be suffityeattcurate in their own right so that
they can not only simulate with a reasonable degf@ecuracy the present situation but
also predict what may happen when one or moreeningput conditions are changed. In
most circumstances, however, models are not intextl: the results are a stand-alone set
of data that are not compared with outputs fromlammodels.

In this project two completely different models kaheen refined and used to describe
the hydrology of the Gediz Basin at three diffedlentls: the basin level, the irrigation
system level and the field level. Most importanthe results from the different
approaches are consistent and therefore confirmthetrobustness of the models
themselves and their capability to describe theltesf physical processes.

The SLURP model is a parametric model. It usesighlprocesses within the vertical
water balance and routing of flows from one parthef basin to another, but it has to
establish parameters for the behavior of diffefantl cover classes. If these land cover
related parameters are unknown, as was the c#éise (Bediz basin, then it is desirable to
have some ground truth in the form of actual riischarges to determine the values of
the parameters. It generates information on stilears as its primary output, but in so
doing has also to generate information on evapmratnd transpiration which can be
used for comparative purposes with other models.

The SWAP model is a physically based model thas asset of tested equations related
to water movement through the soil and the useatémby plants. While it requires site-
specific information on soil properties, it doeg need detailed calibration or verification
because the physical processes are universagndrgtes information on movement of
water to the aquifer and as lateral flow to otloeations, on evaporation and
transpiration, and on crop yield.

This project has clearly demonstrated that linkahguch models is not only feasible but
the results derived therefrom are directly complarabhis is a major step forward in the
use of modeling for water resources management.
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From this we can derive the following conclusions:

There is no utility in attempting to develop a $enoptegrated model that assesses
basin, irrigation system and field level hydrologiye judicious use of different
models can accomplish this task with far less éetftan the development of a single
model.

The SLURP model is able to describe the hydroldgy leasin without the collection
of large amounts of primary or secondary data.ngypublic domain data from a
variety of different sources it can estimate wittoasiderable degree of accuracy the
hydrology of a basin. The only locally sourcedadi@quired are climatological data
which are not normally available in suitable forrfratn the public domain, apart
from the IWMI Atlas which provides average datadowy given location. However,
the final level of accuracy will be improved if semite-specific information on
streamflow is available.

The SWAP model has proved resilient in that it barused both in its original uni-
dimensional mode and in an aggregated format thatlates the hydrology of an
irrigation system.

The SWAP model, used in both its original unidimenal mode and in its
aggregated format, produces data that are directtyparable with those produced by
the SLURP model, therefore making it easy to ugh bwdels to describe all of the
critical elements of the hydrology of a river baatrdifferent scales.

The aggregated SWAP model at irrigation systeml leas demonstrated its capacity
to calculate values of accepted performance indlisahaking it an invaluable tool

for managers in a wide variety of different enviments.

Scenario analysis shows the impact of climatic gesand land use on hydrology and
productivity, provide decision-makers informatiom the effects of changing water
allocations between different sectors, and proasstance to managers who may
wish to modify current water allocation and distitibn practices at irrigation system
level.

These conclusions justify the first objective of froject, aimed at development of a set
of interlinked models for use by policy makers avater managers.

The following recommendations have been proposed:

The use of the complementary SLURP and SWAP mddeiss a basis for the
evaluation of current and future management of mattbasin, irrigation system and
field level, and therefore should be utilized ihatlocations where water
management is of increasing importance.

The use of scenario modeling to look at the impachanges and interventions
should be standard practice for decision-makerauseit helps reduce the
guesswork involved in predicting future conditions.

Both SLURP and SWAP are robust models that havestioeir capacity to be
transferred between different hydrologic and adtical conditions, and therefore
should be adopted in different parts of Turkey alsgwhere.
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Policy makers and water managers should be enceditagise these interlinked
models in their current formats, which are compeefit easy to use and understand,
rather than attempt to search for a single integratodel that can describe hydrology
at several different levels simultaneously.

Irrigation Performance
From the results of the project we can make tHeviahg conclusions:

Current levels of water allocation are probablyfisignt to maintain productive and
profitable irrigated agriculture into the futurethin the areas served by large-scale
irrigation systems.

Water use by irrigating farmers is not excessiypgliaation rates more or less match
crop water requirements, there are few signs aflh@adisparities, and virtually all
irrigable land is currently under production.

Apparent inefficiencies by users of surface wateradfset by the use of groundwater
pumping developed in response to the drought togelparged shallow aquifers and
drainage flows for productive use.

Overall efficiency of irrigated agriculture duritige main irrigation season is
somewhere between 90-95%, much higher than repeffietencies of close to 60-
70% because of widespread pumping of groundwatéresuse of drainage flows.

If too much pumping and reuse occur, however, |@elthrges will aggravate water
guality problems due to lack of dilution of pollata.

The Project has determined values for productivitjcators in terms of kg/m3 and
$/m3 that are not readily available for Turkey.e$& data can be used as a baseline
for comparison in future studies on irrigation pemiance elsewhere in the country.
Current arrangements for management of irrigatiatewbetween DSI, Irrigation
Associations, Village Irrigation Committees andiindual water users are effective
and should not be altered without careful constitamna

Small-scale irrigation developments in piedmonatans have proved an effective
complement to large-scale irrigation developmemthe valley floor, and may have
higher levels of rate of return on investment. ldoer, they are more vulnerable to
dropping water table levels.

Probable threats to the currently high levels w§ated agricultural efficiency come
from the possibility of lowered water table leviisough excessive pumping outside
the command areas of large scale irrigation systdmgroblem of maintenance of
drainage canals, the problem of generation of @efit funds to repair or replace
infrastructure and machinery, pollution of surfacaer supplies by municipal waste
water return flows, and indiscriminate dumpingradustrial waste into surface
waters.

From these conclusions we suggest the followingmenendations:

The current process of water allocation from Dewyarki Reservoir should continue
in its present format. The clear cut rules abouemvwater will be issued, and the
policy of running canals at full design dischargevide a clear and stable
environment for water users. It would be unwisé almost certainly unproductive
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to let current levels of management relax and herrisk of fighting over water when
water conditions once again become less favorable.

» lrrigation Associations should make sure they dblinat their activities strictly to
canal operations and maintenance, and try to Haweigating farmers as members.
Some IAs charge pump farmers a reduced rate fagusinals, others do not. But
the result is that unused canal water that augnggatsadwater is being given away
free to farmers who pump groundwater.

* DSI must consider charging the IAs a wholesale fiatevater delivered to main and
secondary canals. At present DSI has no stakevindanal water is used, and should
be involved as part of the monitoring responsipilit

* DSl and IAs must, as a matter of urgency, revisé tleporting procedures to include
the entire area actually being irrigated. It ipossible to manage basin level water
resources effectively if the irrigated areas aréamreported by as much as 40%.

* Village Irrigation Committees should keep a compredive list of all farmers using
irrigation water and distinguish between canal sis&id conjunctive users on one
hand, and sole-source pump-based farmers on tee oth

» A task force should be established to examine tbblem of capitalization for major
repairs and replacement of expensive machinerh®yAs, and examine the work
done elsewhere in the world on Asset Managemeritrigation Associations. At
present they have difficulty in meeting these casid there is a real risk of some
systems deteriorating as a result. The task felnoeld consider the extent to which
some continued government subsidy is possible sirat#e, or whether 1As will have
to find ways to pay the full commercial cost ofagp and machinery purchase.

* The lack of clarity over responsibility for mainterce of main and secondary drains
requires urgent attention so that both DSI andd#esclear about their
responsibilities. If IAs take over drainage ca®&M then they can levy a drainage
charge on all farmers because all farmers benefit.

» Market forces and the commercial sector appeae twdll equipped to meet the
increasing demand for pressurized irrigation amdetls no reason for government to
be involved in this process. Farmers do not changeessurized irrigation in
response to water shortage but because they det Qatlity produce for sale in the
market. They are well aware of the potential fiiessurized irrigation and make the
transition when they feel it profitable, not wheswvgrnment wants them to make the
shift.

* There should be continued support for small-scaigaition improvements. The
existing systems appear to be working well, wasarsican and do pay for the O&M
costs, and they have led to important increasesaductivity in areas outside the
main irrigation systems. The investments shoultrbied to items that it is difficult
for the community to provide out of their own resms, and should be co-financed
between government and the community.

* Researchers in other projects should use the has#dita on irrigation performance
generated in this Project as a reference framefeorgomparative performance
studies.
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Water Management in the Gediz Basin in the Future

The generally favorable assessment of water managtamthe Gediz Basin makes it
possible to propose a number of more specific emmhs that look at the future
challenges for water management in the Gediz Basil) by extension, to other basins
that face similar water conditions.

* There is no overall coordinated management of wattre Gediz Basin that allows
all interested parties to participate in an openmmea in the process of inter-sectoral
water allocation. This does not imply DSI is notrd) a useful job, but as the
pressures increase from urban, industrial, enviesrtal and other groups, there will
need to be a more open and transparent system.

* The monitoring procedures that exist do not loowater in an integrated manner.
Information on surface water use, groundwater wséer quality, urban and
industrial is collected by different departmentshadifferent frames of reference, so
it is hard to collect an overall view of water cdrahs in the basin.

* Information on groundwater conditions is particlyaifficult to obtain and yet it is
critical to the long-term health of water resourcethe basin. With a huge and very
beneficial increase in the use of groundwaterragation, combined with increased
demand on groundwater resources for urban andtimausse make it essential that
groundwater management be transparent and integrdateoverall basin level water
management.

» Data on water quality are also difficult to obtaM/ater management must be just as
concerned with the quality of water as with thergitg of water. Water of
unacceptable quality is a net loss to society.

* There is confusion and lack of clarity over regoigtroles of different agencies,
particularly those related to volumes to be exgadiy different sectors, and quality
of return flows that come back into the system.

» The productivity of water in the basin has reached high levels, tripling over the

past nine years. Itis unlikely that further dréimancreases can be made, and cuts in

water to agriculture will likely result in reducedofits.

* The use of modeling at different levels is an @ffecDecision Support Tool for
policy makers and managers. It enables them uigirthe likely consequences of
climatic and land use changes on total water sypplgredict the consequences of
changed allocation procedures on hydrology, anchast the cost and benefits of
changed allocations to different sectors by utiiga set of basin level, irrigation
systems level and field level performance indicator

» Because the models used in this Project rely gelaneasure on public domain
remotely sensed data it is not difficult to addyetnh to other basins where similar
analyses can be undertaken.

Based on these conclusions we recommend the faigpwi

* There should be a basin-wide water management i@iytestablished that has
responsibility for planning and implementing waadlocations between sectors.
While DSI should play the main role in this orgaatian, it must include other
departments and agencies on an equal basis.
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* DSI must maintain and strengthen its current moimi¢gorole, develop a clear
regulatory role, and be responsible for reportesguits to the basin-level authority.
The monitoring must include more comprehensivesassent of groundwater use
and extraction, surface and groundwater qualitgl,actual allocations to each sector.

» The authority is encouraged to make use of accunattels as Decision Support
Tools that can help in assessing overall waterlguppallocating water between
sectors, and assessing the probably impacts @irdift allocation strategies.

* There is an urgent need to establish accurate el monitoring programs for water
guality and use by the urban/industrial sectorarréhtly available data at public
level are inadequate to enable systematic anchadtmlanning to occur.

» If cuts are made in water allocations to the adpical sector, efforts must be made to
protect rural incomes because water productivifyradably close to a maximum.

* The use of integrated basin, irrigation systemfaid level modeling should be
extended to all basins where there is a curreptedicted water shortage.

* The procedures developed in the Project, publiskpdrately as manuals, should be
used together with baseline data from this prayedhe basis for further comparative
performance assessment studies in Turkey.

India

Over the years, IWMI has been involved in a var@tactivities in India, even though it
has never had a residential presence there. @thenlast five years, IWMI has
completed research in the area of irrigation penforce, satellite remote sensing,
irrigation management transfer, gender analysid,raosquito control and water savings
through alternating wet and dry irrigation. IWMadcollaborated with a wide number of
partners including the Indian Council on AgricuilResearch (ICAR), ICID, Indian
Institute of Management at Ahmedabad (IIMA), NatibRemote Sensing Agency
(NRSA), Central Soil Salinity Research InstituteS&RI), Karnal, and the Water
Resources Departments of Haryana, Maharashtraakéa, Tamilnadu, Gujarat, and
Bihar. Given below are some of the important redeatudies that IWMI has
undertaken, workshops conducted and publicatiteference is made to some of the
research results in the previous sections (llI-VI).

Irrigation Management Transfer in India

IWMI in collaboration with Indian Institute of Magament, Ahmedabad (IIMA) carried
out a research study of the Status of Irrigatiom&pgement Transfer in India during
1994-96. The basic goal of the study was to supadigies and activities being carried
out in different parts of India.

The specific goals of the study were to:

» Determine the respective management roles of gavemhagencies, farmers and
other private entities in selected agency andlppmianaged irrigation systems in the
sample states.

» Develop detailed descriptions of the processekefriost important types of
turnover, including determination of the major doaists to achieving turnover.
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» Evaluate the performance, including resource mzdtilbn and sustainability, outputs
and equity of turned over systems.

The study focussed on six states:

O Bihar in eastern India

[0 Haryana in northwest India

[0 Gujarat and Maharashtra in western India
0 Kerala and Tamilnadu in southern India

The research results, summarized in section Vieweadely disseminated through
regional and national workshops and publishedlaso& titled "Irrigation Management
Transfer in India: Policies, Processes and Perfocaaby Oxford and IBH Publishing
Co. Pvt. Ltd., New Delhi (Brewer et al. 1999). @Gxpwere distributed widely among
practitioners, policy makers and research and entuned institutions.

The Impact of Participatory Management on Maintenae Performance

IWMI in association with IIMA studied of the impacof irrigation management transfer
in selected sites in Maharashtra. In large scaleignment irrigation systems the
Maharashtra Irrigation Department is transferripgrations and maintenance
responsibilities of minor canals to water user®eissions. Maintenance is the single
largest cost in most irrigation systems. Tranefanaintenance responsibilities to
farmers is thus of major importance to the sucoé#ise management transfer policy
from the government’s point of view. However, giile concern for inadequate
maintenance, the question we sought to answer éshghmanagement transfer will help
improve irrigation system maintenance.

For the study, four minor canals, two in Mula conmeh@and two in the Bhima command
were selected. Both irrigation schemes are latherses in the western portion of
Maharashtra; Mula command area is 80,180 ha ana&ts 112,490 ha. Bhima is
newer than Mula. Irrigation began in Mula in 19¥Hile it began in Bhima only in
1980.

In this study, we found that the transferred siteswed far better maintenance
performance than the non-transferred sites.

The difference in maintenance performance is nettdwa difference in resources
expended nor to the repairs carried out as pdheofransfer process, but is due to clear
differences in maintenance management process igtrue despite the fact that the
total resources expended were very low and wehélyigonstrained. We conclude from
this study that small differences in maintenanceagament process can lead to major
differences in maintenance performance within trgisburce constraints even without
adoption of elaborate procedures such as "asseigaarent”.
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One-day Workshop to Disseminate IWMI's Research Resof India Studies

A one-day workshop to disseminate IWMI's reseaedults of India studies was hosted
by the Central Water Commission (CWC) at New Delihi24 September 1998. About
50 participants from state and central governmegamzations and funding agencies
(Ford, DFID, World Bank) attended the workshop.

Presentations were given on performance, remot@rggand some applications to
Bhakra, the Bhadra and Bhakra studies, and Infeom&technology for Irrigation

Sytems (ITIS). The team felt that the followingseages were successfully delivered: 1)
remote sensing is a cost effective and efficieal for performance studies, and 2) IWMI
can contribute significantly to this work.

A Pilot Project Study on Alternate Wet and Dry Igation to Control Vectors in
Periyar-Vaigai Project, Tamilnadu, India

Entomologists have proposed for many years thatradte wet and dry irrigation

(AWDI) would control mosquitoes breeding in paddids and irrigation channels (see
section V). Until recently, the idea of AWDI wastrwidely accepted by the irrigation
community, but AWDI has now become a standard mamagt procedure in at least two
systems in India in order to conserve water. Thgesis set to determine the effect of
this environmental management technique that lggsfisiant health benefits and has an
important contribution to make to sustainable depeient.

IWMI in collaboration with the Tamilnadu Agricultak Institute and Central Research
Institute on Medical Entomology, both in Maduraijmplementing a research project on
"Strategies for Vector Control, Conserving Wated &mcreasing Food Security” in
Periyar-Vaigai Project to evaluate the impact dfiedent water management practices on
vector breeding, water conservation and rice yidltde details of three different

irrigation treatments tested are:

» Continuous submergence (farmers' practice)
* lrrigation to 5 cm one day after disappearanceooided water
* Rotational water supply (4 days '‘on' and 3 dayy.'of

The study is an on-going one with one season a@f caltection (October 1998 to
February 1999) completed. The results are encongagdce yields in AWDI has
increased by 10% and water saving by 22% compar&tmers' practice. However, the
vector reduction is only marginal during this seaso

Satellite Remote Sensing

Monitoring of scarce water resources is becomisgreous issue for several countries
including India. There is increasing pressure agneater managers to allocate less
water to agriculture — which uses almost 80 peroéntirrently available water supplies
— and more to domestic and industrial uses.

In response to meeting this challenge of growingatiood with less water, IWMI is
working with its Indian collaborators on increasengyicultural productivity of water



IWMI's Achievements, 1995-1999 83

through better management of irrigation and wagsirbsystems. Satellite Remote
Sensing is becoming a vital tool in this endeawor t

» improve the diagnosis of regional scale practices

» evaluate the success of organizational, socio-enanand technical interventions on
irrigation system performance

» establish water accounts methods to determine wateand scarcity at the basin
level

» identify strategies to increase the productivitywaiter.

The strength of IWMI’s research lies in combinihgstdetailed data into a relevant
information set to support decision making by mamagf water resources.

IWMI applied remote sensing to study trends irg@tion system performance at various
levels of canal hierarchy and to assess the ingdfaethabilitation interventions under the
National Water Management Project of 100,000 hadBh&eservoir Project.

Using multiyear Indian Satellite Remote Sensingdedm 1987-1997, IWMI
collaborated with the National Remote Sensing AgedMNiRSA) to develop a rice-yield-
NDVI model. Remote sensing data is integrated @1% framework with ground water,
precipitation, canal networks, and canal wateneeies. The information was used to
identify problem distributaries that are then diaggd to identify causes for under-
performance.

Remote sensing was used in the Bhakra project,adarto characterize current
performance level of the system, pinpoint probleeas, and identify issues relating to
the long-term sustainability of the system.

The research results of these two studies weresisd with the project level officials as
well as state level policy makers of the respecéiates and also two national level
workshops were conducted to disseminate the afficiad cost-effective techniques of
SRS to monitor performance of irrigation project$e results of the research are
discussed above, in section IV.

Iran

The Iran-IWMI Collaborative Project is undertakemily between the Iranian
Agricultural Engineering Research Institute (IAERIKaraj and IWMI to examine
aspects of water management at river basin, iragatystem and field level. Primary
activities are focussed on the Zayandeh Rud bEsiiahan Province in conjunction with
staff from the Esfahan Agricultural Research Statio

The project became fully active with the First Plsag Mission held in August-
September 1998. Since that time there have beea #uditional missions by IWMI
staff to Iran that have consolidated the prograrth&r. This report summarizes the
progress made to date.
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First Planning Mission (August-September 1998)

A seven-member planning mission visited Iran antlwih officials and researchers in
both Teheran and Esfahan. Five main componeriteeqgiroject were identified and for
each component a work plan was developed for thHeg&998-1999:

Basin level hydrological modeling

Irrigation system management

Field level water management

Salinity and groundwater studies

Geographic Information Systems and database dawvelop

agrwnE

The primary focus of activities in the initial seagf the project was collection of
sufficient information to permit identification &y issues and enable detailed studies to
be undertaken.

Following this mission it was agreed to schedueres of visits by IWMI staff to
Teheran and Esfahan that would meet the objeati/thee project. Much of the focus of
subsequent work was been along these lines.

First Training Mission (November 1998)

A two person team visited Teheran and Esfahanvieweprogress since the planning
mission. Progress had been limited because consphae not been provided, and there
were some difficulties in obtaining baseline daiarf other government agencies. Both
of these issues were largely overcome during tresiomn.

Based on the data collected up to that time theiomdocussed on training in two main
areas:

(a) data collection, processing, and analysis, togetiiterthe establishment of a
systematic database; and

(b) an introduction to use of several computer packagekiding Windows, Excel and
the ILWIS GIS program.

All data collected to date were consolidated, ideldiin the Mission Report and copied
to CD-ROMs. Copies of the CD-ROMs and Mission Repere also given to IAERI in
Karaj.

Second Training Mission (February 1999)

The same two-person team undertook this secomdrtgamission. Good progress had
been made in data collection since the previousionsand much of the focus of
training was on the use of the ILWIS GIS packag fanther development of the project
database.

To try to facilitate better communication with IWtaff between training missions, an
e-mail system was established and additional coenpatilities provided.
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Each of the working groups established during its¢ fraining mission were able to
accomplish a set of tasks relevant to their disogpland the results incorporated into the
Mission Report. This report was provided to IAERKaraj together with CD-ROMs
containing all data collected during the project.

Overseas Training (July 1999)

Efforts were made to identify opportunities foriiag outside Iran, taking into account

the financial constraints facing the GovernmemntJuly 1999 Mr. Mehdi Akbari, Project
Coordinator in Esfahan, attended a 10-day traipnogiram in Menemen, Turkey, on the
use of the SWAP model for determining soil-plantevaelationships and calculation of
water balance at field and farm level.

Third Training Mission (August 1999)

Dr. Gieske (of ITC, Netherlands) undertook a thiredning mission to Esfahan. This
program focussed on remote sensing, particulamhgdkat and NOAA images, to
establish capability to produce land use maps,teéiga indices and other images related
to temperature and radiation. The facilities da&an were used to download a series of
NOAA images that formed the basis for much of taeing undertaken.

The report resulting from this mission was provitgedAERI together with two CD-
ROMs containing all data collected and processed.

Proposed Future Activities

Following the experience of the first year of tledlaboration, the time is now ready for a
second planning mission to propose activitieslieryear 2000. An improved budget
from the Government of Iran plus relocation of IWdaff from Turkey to Sri Lanka
make it possible to increase the level of input iaeraction from IWMI.

The overall content of the project should not reggerious readjustment at this stage,
although progress in the areas of field studid&igaand groundwater requires more
input.

Nepal

IWMI has had a presence in Nepal since the 1981s.research has contributed
significantly in the areas of documenting the esase, importance, and management
processes of farmer managed irrigation systems $yMlevising methodologies to
support FMIS; and in providing key research bagksitog in the field of irrigation.
IWMI's office was managed by internationally red¢aed staff through 1995.

We now operate in a non-resident mode and workpparted by modest donor grants.
Staff from headquarters manage and contributedegis. The Department of Irrigation
has provided office space, and IWMI has hired alloesearcher and administrative staff.
There is a Memorandum of Understanding betweesthernment of Nepal and IWMI,
and a Consultative Committee that meets every simths. IWMI is presently
implementing a project on ‘Process and Performahd¢anagement Transfer,” and more
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recently, research on gender in irrigation. B fhriesence, the local researcher and
visiting IWMI scientists are able to dialogue withrious groups involved in water
resources development in Nepal.

IWMI's main achievements in Nepal during the lagefyears have been in providing
policy and implementation support to the Ministfiwdater Resources and the
Department of Irrigation; and in building the cajpaof Nepali researchers and staff.
IWMI and collaborators provide locally relevanteasch support to the Department of
Irrigation and Water Users Associations on managennansfer and gender issues.
Findings are presented and discussed by each tpaigvelop better implementation
processes, and policies within the government. eikample, we understand that through
this process, some of IWMI's recommendations dgatron service fees are to be
included in the new irrigation regulations and pgli Papers are now being prepared
based on the findings for an international audience

IWMI is now completing research projects on gerated management transfer. New
research activities at the basin level are begmmiith one basin selected in the hills (the
Indrawati) and one in the Tarai (the East Rapfi)e understand that results of these
studies will provide input into the Nepal Natiovahter Resources Strategy, which will
be prepared next year. IWMI also intends to deaesh on Small Holder Water
Management Systems in Nepal.
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