%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

National Conference on Water, Food Security
and Climate Change in Sri Lanka

Volume 3

Policies, Institutions and Data Needs for Water Management

PROCEEDINGS

K.Jinapala, Sanjiv De Silva and M.M.M. Aheeyar, editors

BB R p—
Water for Food Conference

Ti7a—
E
A\

)

((

- Tl
AN

S 1

=]
-
o )
-
=
)

3

tional
Water Management
Institute —_—
Irrigation Department of

Department Agriculture






Proceedings of the National Conference on
Water, Food Security and Climate Change
In Sri Lanka, BMICH, Colombo
June 9-11, 2009

Volume 3. Palicies, Institutions and Data Needs for Water
Management

K. Jinapala, Sanjiv De Silvaand M.M.M. Aheeyar, editors

INTERNATIONAL WATER MANAGEMENT INSTITUTE



The editors: K. Jinapala, Researcher/Institutions Specialist, International Water Management Institute
(IWMI), Colombo, Sri Lanka; Sanjiv De Silva, Research/Program Officer, International Water Management
Institute (IWMI), Colombo, Sri Lanka; M. M. M. Aheeyar, Head, Environmental and Water Resources
Management Division, Hector Kobbekaduwa Agrarian Research and Training Institute (HARTI), Colombo,
Sri Lanka.

Jinapala, K.; de Silva, S.; Aheeyar, M. M. M. (Eds.). 2010. Proceedings of the National Conference on
Water, Food Security and Climate Change in i Lanka, BMICH, Colombo, Si Lanka, 9-11 June 2009.
\ol. 3: Palicies, institutions and data needs for water management. Colombo, Sri Lanka: International
Water Management Institute. 162p. doi:10.3910/2010.203

/ water resource management / water governance / organizations / institutions / water policy / water
rights/ indicators/ irrigation management / participatory management / farmers organizations/ capacity
building / irrigation efficiency / water demand / water supply / irrigation schemes / operations /
maintenance / groundwater management / models / economic analysis/ i Lanka /

ISBN: 978-92-9090-720-6

Copyright © 2010, by IWMI. All rights reserved. IWMI encourages the use of its material provided that
the organization is acknowledged and kept informed in all such instances.

Cover photo by Mr. Sandaruwan Wickrama, Web Services Officer, International Water Management Institute.

The views expressed in this publication are the views of the authors and do not neccessarily reflect the
views and policies of the International Water Management Institute (IWMI), or the editors of this publication.

Furthermore, IWMI makes no representation concerning, and does not guarantee the source, originality,
accuracy, completeness or reliability of any statement, imformation, data, finding, interpretation or view

expressed in this publication.

Please direct inquires and comments to: iwmi-research-news@cgiar.org

ii



Contents

ACKNOWIEAGEMENTS ...ttt bbbttt b ettt b bbb v

Overview: Institutions and Policies for Water Resources Management ..........ccovvveeerneeeneneseeenens vii
K. Jinapala and Sanjiv De Slva

Paper 1. Interventions Necessary in Capacity Building in Existing Water Organizations to Improve
ProductiVvity and ACCESS LOWELET ..........ciiririeiiiririeiesireeie ettt 1
Badra Kamaladasa

Paper 2. Enhancement of Capacity of Farmer Organizations for Sustainable Irrigation Systemsin
Anuradhapura and Kurunegala DiStriCES ..ot 7
S. Thiruchelvam

Paper 3. Spatial Variation of Water Supply and Demand in Sri Lanka.........ccccovveeveeneienenisieneenes 19
Upali A. Amarasinghe

Paper 4. Managing Irrigation Jointly with Farmers: History, Present Status and Future - Review of
Participatory Irrigation Management in Sri Lanka .......ccoeovvereinenieieneisenieeseese e 35
K. Jinapala, Lal Premadasa, P. G. Somaratne and M. Samad

Paper 5. Irrigation Infrastructure Management by Public Funds: How It Can be Made Justifiable..... 65
Namalee Madawalagama and Badra Kamaladasa

Paper 6. Policy Alternatives for the Management of Minor and Medium Irrigation Schemes to
Develop Groundwater Systems in Restricted Catchments for the Improvement in
Food Productivity in the Dry Zone of Sri Lanka ........cccvvvreeiiniiciiisecesneeeseeecee 73
S S Svakumar

Paper 7. Economic Valuation of Irrigation Water under a Mgjor Irrigation Scheme (Gal Oya) in
EGSLErN SITLANKA ...vcveiieiieieieiesiee sttt s e bbb e st e e b et et sse e s e 89
P. Svarajah and A. N. Ahamad

Paper 8. Development of a Water Resources Assessment and Audit Framework for

SET L ANKA . ..ttt et R ettt e et Ee e be e e st ete e enente e enens 95
M. Matin, V. Smakhtin, M. Palliyaguruge, S. Mohideen, N. Yapa, A. Ranjith, S. Gunasinghe and
P. Jayakody

Paper 9. Sri Lanka’'s Water Policy: Themes and ISSUES .........ccvirrieieininieeensieieessese e 113

V. K. Nanayakkara

Paper 10. Local Governance for Effective and Productive Water Management Process, Experience
from Bandarawela Drinking Water Management Program .........c.coceeorreeennieenenesseenens 127
Ssira Saddhamangala Withanachchi

(RS 0 AN £ <010 <1< TR 139






Acknowledgements

The editors (hereinafter referred to as ‘we') greatly appreciate the whole-hearted agreement
between the Irrigation Department (ID), Department of Agriculture (DoA) and Hector
K obbakaduwa Agrarian Research and Training Institute (HARTI) to become partners of this
conference. We would like to thank the Director General of the Irrigation Department, Mr. H.PS.
Somasiri, the Director General of the Department of Agriculture, Dr. C. Kudagamage, and the
Director of HARTI, Mr. V. K. Nanayakkara for being so supportive of the event and encouraging
their staff to present papers at the conference. In addition, we acknowledge the support
extended by Dr. G. G A. Godaliyadda and H.M. Jayathilakafrom ID, Mr. M.M.M. Aheeyar from
HARTI and Dr. Kamal Karunagoda from DoA by agreeing to become members of the conference
organizing committee that was established by the International Water Management Institute (
IWMI). Their valuable contributions were of much benefit in making the conference successful
and productive. Mr. B. R. Ariyaratne and Ms. Janitha Godamuduna, from IWM|, also acted as
members of the conference organizing committee and provided considerable support in the
organization of this national conference.

Funds for the conference were provided by USAID, UNDP/National Disaster
Management Centre and Netafim Ltd of Israel. Their generous contributions to this event are
much appreciated by us and we extend our sincere thanks to all of them.

We would also like to express our thanks to all the researchers who presented papers at
the conference, and for preparing reports for this volume of the conference proceedings, without
whom this event would not have been possible. There were many participants from various
national and international organizations whose attendance and valuable contributions to the
workshop sessions made this event both productive and interesting.

Professor M. S. Swaminathan from India delivered the key-note speech and the Hon.
Prime Minister of the Democratic Socialist Republic of Sri Lanka, Rathnasiri Wickremanayaka
attended as the chief guest. Both provided us with some very enlightening information and
interesting observations, and we are extremely grateful to them for sharing their opinions with
us and enriching the conference.

Dr. Calin Chartres, Director General of International Water Management Ingtitute (IWMI),
Dr. Madar Samad, Regional Director (IWMI - South Asia) and Dr. Vladimir Smakhtin (Theme
Leader-Water Availability and Access-IWMI) provided the encouragement and guidance to
organize this nationally important conference. We must say that without their support this
conference would not have been the successful event it was.

Finally, our thanks go out to Ms. Pavithra Amunugama, Mr. Joseph Perera, Mr. Nimal
Attanayake and Mr. Sumith Fernando for managing the editorial and production process of
the proceedings.

The authors would like to acknowledge the International Water Management Institute (IWMI),
Irrigation Department (ID), Department of Agriculture (DoA) and the Hector Kobbekaduwa
Agrarian Research and Training Institute (HARTI) for their collaboration in conducting the
workshop ‘National Conference on Water, Food Security and Climate Changein Sri Lanka’.



Partners

This workshop is a collaboration of the following organizations:

IWMI

International
Water Management
Institute

Departiment of
Aggriculture

Donors

International Water
Management Institute
(IWMI)

Department  of
Agriculture (DoA)

This workshop was funded by:

&
USAID

R T detaTNSCiAty PRI

United States Agency for
International Development
(USAID), Colombo, Sri Lanka

‘i NETAFIM™ NetafimLtd,

BN R T TR

Vi

Tel Aviv, Isragl

Irrigation
Departmanet

U[N]
D[P

5ri Lanka

»

[rrigation Department
(ID)

Hector Kobbekaduwa
Agrarian Research and
Training Ingtitute (HART])

United Nations Development
Programme (UNDP), Colombo,
Si Lanka

Disaster Management Center,
Colombo, Sri Lanka



Overview: Institutions and Policies for Water Resources
Management

K. Jinapala and Sanjiv De Slva
International Water Management Institute (IWMI), Colombo, Si Lanka

Background of the Conference

This is the third volume of the proceedings of the national conference on ‘Water for Food and
Environment’, which was held from June 9 —11, 2009 at the Bandaranaike Memoria International
Conference Hall (BMICH). The volumes 1 and 2 have been produced as separate documents of
thisreport series. In response to acall for abstracts, 81 abstracts were received from government
institutes dealing with water resources and agriculture devel opment, Universities, other freelance
researchers and researchers from the International Water Management Institute (IWMI). Forty
seven of the eighty-one abstracts that were submitted were accepted for compiling full papers.

Need for the Conference

In the past couple of years the sharp increase in food prices worldwide has raised serious
concerns about food security, especialy in developing countries. To effectively address these
concerns a holistic approach is required that encompasses improved agricultural water
productivity, adaptation to climate change, targeted and appropriate institutional and financial
measures, and a consideration of environmental issues. The main purpose of the conference
is to share experiences in these areas and to find opportunities to improve farmers’ incomes
and food production, and to promote environmentally sustainable practicesin Sri Lankain the
face of growing water scarcity and the challenges of climate change. The conference brought
together researchers, policymakers and practitioners to address these key issues.
The conference had several inter-linked objectives, which were to:

e provide alevel platform for participants to share experiences and lessons learned;
e develop practical approaches for sustainable development;

e promote partnerships among disciplines and organizations on land and water
management for food security; and

e identify future directions on key issues such as water scarcity, food security and
climate changein Sri Lanka.
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K. Jinapala and Sanjive De Silva

The conference was structured so as to focus on three main themes for presentations
and discussions.

Theme 1: Irrigation for Food Security (Volume 1 of the Conference Proceeding)

The role of irrigation in the progress towards food and environmental security in Sri Lanka
cannot be overemphasized. The following sub-themes were focused on, at the conference under
this main theme:

0 Revitalizing Irrigation Systems for Food Security
o Rain-fed Agriculture and Food Security: Opportunities and Constraints
o Enhancing Water Productivity on Irrigated and Rain-fed Lands

Theme 2: Water Quality and Environment (Volume 2 of the Conference
Proceeding)

The three sub-themes mentioned below were discussed in the light of their effect in Sri Lanka:
o Water Quality, Irrigation, Environment and Health
0 Water Recycling for Productive Use
o Climate Change and Agriculture

Theme 3: Policies and Institutions for Water Management (Volume 3 of
the Conference Proceeding)

The sub-themes that were discussed under this theme were:
e Policy Interventions to Improve Water Productivity and Access to Water
e Dataand Information Management for Water Management
e Methodologies for a National Water Resources Assessment

e Palicies and Institutional Reforms to Enhance Rain-fed and Irrigated Agriculture

Synthesis of Papers Presented under Volume 3 - Policiesand I nstitutions

Ten papers on the different aspects of policy adaptation and institutional mechanisms for water

resources and agriculture system management were presented at the conference. This

introductory paper includes a synthesis of the key issues highlighted in the 10 papers that

were presented at the conference (one of the 10 papersiswritten in Sinhala - the local language).
The following main areas have been highlighted in these papers:

e Policy issues on water resources management

e Participatory irrigation management, capacity building of farmer organizations and
also irrigation infrastructure systems managed by public institutions

viii



Institutions and Policies for Water Resources Management

e Groundwater use in conjunction of irrigation water
e Economic valuation of irrigation water

e  Spatia variation of water supply and demand in Sri Lanka and also the need for national
level water resources assessment/audit in the country.

Policy I ssues on Water Resources Management

The issues surrounding the adoption of policies on water resources development and
management were discussed by Nanayakkarain the paper he presented at the conference titled
‘Sri Lanka's Water Policy: Themes and Issues'. Other papers that were presented at the
conference al so discussed certain policy-related issues such as policies relating to participatory
irrigation management, groundwater development, economic values of water and aso water
resources assessment/audit etc. Nanayakkara's paper exclusively focused on the water
resources policy of the country and included his opinions and views on the issue.

The author argues that in the case of water, the question of ‘ownership’ is not as
important as determining and regulating its use, given that user rights of this common
property resource is always in a state of flux. According to Nanayakkara, abstraction of bulk
water from its natural state in a regulated manner that is left to the will of individuals and
agencies, virtually results in the creation of a ‘free for al’ situation. Commenting on the
existing institutional mechanisms of water resources management, he points out that the
domain of water is characterized by over 50 legislative enactments and a plethora of agencies
numbering over 40, but lacks a single neutral agency to determine the appropriate balance
between the demands for off stream consumption and the volume of water flows needed by
the river system. Water rights are linked to land ownership and, as such, in Sri Lanka, a
landowner is regarded as owning the water underneath his land and has the right to pump
all the water from the common aquifer, lowering the water table. Furthermore, he may use or
abuse all the rain which falls on his land. In Sri Lanka, all the streams that flow across a
private land fall within the public domain.

The lack of a clear policy on water allocation is another issue raised by Nanayakkara.
He says that there is no proper bulk allocation system. Some large consumptive users allocate
water to themselves. The agency that operates the water abstraction structures also controls
the water allocation. The most serious deficiency observed in water alocation has been the
tendency by large water usersto allocate water to themselves regardless of the needs of others.

He refersto the proposal made by the water resources secretariat once established under
an ADB funded project, and points out that the challenge for the national water resources
authority proposed under the ADB project isto establish a set of allocation principles that are
rational and that can accommodate long-term demands. The share of water used by the urban
population in Sri Lanka is projected to increase to 45 % by 2015 and 65 % by 2030. Such
expanding water requirements in the growing urban populations will aggravate the institutional
conflictsin re-allocation of water that were previously devoted to agricultural use, particularly
in the dry zone. According to Nanayakkara, the absence of any principles for sharing water
between the upper and lower riparian as well as between drinking and irrigation purposes has
hindered the developmental planning efforts of both the Irrigation Department and the National
Water Supply and Drainage Board (NWSDB).
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Policies on groundwater use are another area on which Nanayakkara expressed his
views. A water policy should address both surface water and groundwater resources.
Currently, a doctrine of territorial sovereignty is applied in groundwater extraction, which
means that ‘what is beneath our feet is oursto use’. Groundwater use is rapidly increasing,
intensifying smallholder cultivation and improving the standards of living of poor farmers
in the dry zone. Nanayakkara mentions that a survey conducted by IWMI revealed that
“...in Sri Lanka, some aquifers are already being pumped dry by the end of the dry season,
and some communities have been left without drinking water. The implications of stream-
aquifer connectivity and the need for a conjunctive management approach are the most under-
appreciated issues in Sri Lanka. A management policy should stipulate that groundwater
should not be regarded as a resource separate from surface water. The policy should recognize
that both surface and groundwater are hydrologically connected and are complementary
components of a larger single system.”

In his final analyses of the paper, Nanayakkara suggests that there is a need for an
institutional arrangement at the national level, such as a proposed National Water Resources
Authority (NWRA), capable of defining the overall directions when devising water policies,
and adjudicating disputes. He points out that water resources planning and management
frequently fails to consider the river basin as the natural unit for hydrologic management,
resulting in the inefficient use of water and inadequate concern for stream and ecosystem
values. Therefore, it isimperative to recognize the environment as a legitimate user of water.

Jinapalaet ., in their paper on ‘... Participatory Irrigation Management (PIM) in Sri Lanka
argue that institutions/policymakers need to lend careful attention to enhancing the
effectiveness of institutional mechanisms used for participatory irrigation management in the
country. The major conclusion in their paper is that, despite its partial failure to achieve some
of the main goals, participatory management has clear benefits and should be continued and
supported. The study team suggests that the government should have an effective way of
keeping track of the progress of Farmer Organizations (FOs), Joint Management Committees
(IMCs) and the turnover of irrigation management that they generate.

Participatory Irrigation Management, Capacity Building of Farmer
Organizations and also Irrigation Infrastructure Systems Managed by
Public Institutions

Jinapala et a. summarized/synthesized the results of a national level study on the * Participatory
Irrigation Management (PIM)’ approach in the country. The analyses of their paper represent
the current situation of PIM and its relevance and impact as an institutional mechanism in
managing irrigation systems.

This paper aims to review participatory irrigation management (PIM) approaches adopted
in medium and major irrigation systemsin Sri Lanka with aview to identifying past and present
trends and future directions of such management. The authors point out that the need for pursuing
irrigation development and management has become more important in the country in the face
of rapid population growth and increasing food prices in the world market. In this context,
managing irrigation schemes for productivity improvement is becoming increasingly important.

The results of the study indicate that farmer involvement is much more relevant and
essential in irrigation schemes where water is a scarce resource. A participatory management



Institutions and Policies for Water Resources Management

policy has clearly succeeded in getting farmers much more involved in system management
than they were in the past, except in the case of some of the MANIS ( Medium Irrigation
Systems Managed by the Irrigation Department ) systems that were studied, which had been
somewhat neglected by the irrigation agencies. Improving the turnover of irrigation
management (operation and maintenance or O& M) below the distrbutory canal was one of
the main objectives of the PIM policies in the country. However, turnover has not progressed
as expected for two major reasons:

e  On the one hand, the agreements reached in all programs are fewer than the expected
number. Only the Integrated Management of Agricultural System INMAS program has
progressed in achieving some form of turnover, athough the Sri Lanka Mahaweli
Authority MASL program is now seriously trying to improve turnover. There has been
very little progressin the MANIS schemes, although the National Irrigation Rehabilitation
Project (NIRP) mandated improved turnover in its post rehabilitation phase.

e On the other hand, full turnover has not occurred in any of the three systems and
progress has stopped at a joint management stage. In particular, both agencies and
farmers are reluctant to bear the full responsibilities for maintenance turned over to the
FOs. Payments continue to be made by agencies for operation and maintenance (O& M)
activities to FOs that have taken over responsibilities, either informally or formally.

The major conclusion of the study is that, despite its partial failure to achieve some of
the main goals, participatory management has clear benefits and should be continued and
supported. The study team suggested that the government should have an effective way of
keeping track of the progress of FOs, Joint Management Committees (JMCs) and the turnover
for irrigation management that they can generate.

BadraKamaladasa, in her paper on’ Interventions Necessary in Capacity Building in Existing
Water Organizations to Improve Productivity and Access to Water’, points out that institutions
need to play acritica rolein managing water in the irrigation systems of the country in order
to enhance the productive capacities of these systems. She highlights the role of individual and
institutional capacitiesin determining the quality of water management and service delivery. The
paper emphasizes the need for addressing poor capacities by devising more project proposals
to effectively meet today’s water sector challenges. She makes the point that good sector
performance is also the responsibility of civil society and can be promoted in terms of individuals
water use practices, and that capacity can be increased by improving the public's awareness on
water conservation and use. This would entail not only awareness in the personal use of water
but public participation in decision-making processes for the management of water as aresource.
Finally she observes that this process highlights the importance of having policy and institutional
frameworks that enable public participation in decision-making.

The paper of S. Thiruchelvam (Enhancement of Capacity of Farmer Organizations for
Sustainable Irrigation Systems in Anuradhapura and Kurunegala Districts) focuses on the same
aspects as mentioned above, and highlights the need for enhancing the capacity of farmer
organizations (FOs) in order to ensure sustainable irrigations systems. He has studied irrigation
schemes in the Anuradhapura and Kurunegala districts to provide evidences for his arguments
in the paper. A stratified random sample of 48 FOs selected from major, medium and minor
irrigation systems in the Anuradhapura and Kurunegala districts were studied during 2008.
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The author argues that over the past decades public investment in major, medium and
minor irrigation systems has not yielded the expected results. The solution to the growing water
crisis lies in the institutional changes of social systems established to manage the demand for
water. Poor participation of farmersin FO activities is common and the paper reports that about
38 % of farmers participate in FO activitiesin both districts. The most common causes for such
low participation were the lack of accountability and transparency of the FOs functions.

The author recommends that FOs need a lot of capacity-building on technical and
institutional aspects to sustain irrigation systems. There is a need to establish strong linkages
between the FOs and the Irrigation Department for successful irrigation management.

Thiruchelvam highlights in his paper, one problem common to all the irrigation
rehabilitation projects of Sri Lanka. Irrigation development funds wereinitially used to provide
physical structures to theirrigation systems, but little attention was extended to the efficiency
of the investments in economic terms. As aresult, the return of investments in this sector has
fallen below expectations. Very few attempts have been made to develop the management
capacities of FO leaders, their members, and village extension workers. Community organizations
and facilitation skills are not part of staff training programs. Most of the services and resources
were usurped by the elite of the rural communities, while the poor and women were left out or
received little benefit.

Another area contributing to the poor irrigation management capacity of FOsisthe lack of
clear understanding of the Agrarian Development Act of 2000 and the registration process. There
is, therefore, an urgent need to give more attention to the formalization of the registration process.

Thiruchelvam aso found that women's participation in FOs was low in both districts. The
presence and behavior of drunken men in the FOs, the lack of benefits attached to FO membership
and the overall malfunctioning of the FOs are some of the existing problemsin FOs. . Even when
women attended FO meetings, their participation was limited to listening only.

There was alack of accountability and transparency of the functions of FOs, which had
led to only 34 % and 25 % of the farmers being satisfied with FOs in the Anuradhapura and
Kurunegala districts, respectively. There was no real networking of Community Based
Organizations (CBOs), which would have helped in sharing and exchanging information and
ideas on water management.

Although FOs had been established in all irrigation schemes, they are hampered by
various problems such as lack of maintenance activities for irrigation facilities, low member
participation in FO activities, lack of good leadership and poor communication.

The weak status of FOs in minor tanks schemes in both districts was reflected in the
inadequacy of infrastructure facilities and extent of undeveloped land for cultivation in both
districts. Membership fee and money earned through various contractual activities was low
and the accounts of such details were not available in the majority (78 %) of FOs, indicating
the lack of accountability and transparency.

The analysis shows that small and homogeneous FOs had better methods of conflict
resolution in O& M.

Comparing the head and tail-enders of the irrigation canals shows a higher degree of
disparity inincomein the tail end of the irrigation canal. Inequitable distribution of irrigation
water was the major cause of the disparity.

The difference in water productivity between major and medium irrigation schemes was
insignificant but was considerably lower in minor systems.

Xii



Institutions and Policies for Water Resources Management

The Irrigation Department (ID) plays a significant role in managing the irrigation
infrastructure of medium and major irrigation schemes in the country. Namalee Madawal agama
and Badra Kamal adasa describe the degree of importance of the ID’s role in irrigation scheme
maintenance in their paper on ‘Irrigation Infrastructure Management by Public Funds —How it
Can be Made Justifiable’. This paper aims to compare the actual annual fund requirements
and the available funds to operate and maintain (O& M) an irrigation scheme. The Hurulu Wewa
Irrigation Scheme was selected as the study area. The study shows that the labor input from
farmers and their familiesin O&M is enormous, but suggests that this labor input is frequently
ignored in the financial analysis due to difficultiesin accounting. By comparing actual needs
against funds available for repair and improvements to the system, the authors show that due
to inadequate funds, general improvements and immediate repairs cannot be attended to when
needed. Delaysin attending to repairs and improvements eventually lead to a self-sustaining
cycle of more damages and an increased demand for funds for maintenance, which undermines
the guaranteed life span of the systems. The authors also argue that further contributions
from farmers for improvements and repairs cannot be expected as their income is marginal.
The study also shows that when compared with government expenditure on O&M activities,
the value of production of the schemeis very high. However, inclusion of the fertilizer subsidy
amounting to Rs. 122 million (the hidden cost) in the calculations, significantly reduces the
value of production in Huruluwewa. The authors thus argue for an increase in the
government’s input for O&M to reduce the rehabilitation costs and improve system
performance. Further justification for thisis provided by showing that the contribution to the
national economy by an irrigation scheme is much higher than the investment in O&M by the
government. They also suggest that this scenario may apply to alarge percentage of the paddy
production areain the country as 80 % of paddy production occurs under major and medium
irrigation schemes.

Groundwater Use in Conjunction with Irrigation

Use of groundwater in conjunction with irrigation water is becoming popular in countries like
India. Sivakumar in his paper on ‘ Policy Alternatives for the Management of Minor and Medium
Irrigation Schemes to Develop Groundwater Systems in Restricted Catchments for the
Improvement in Food Productivity in the Dry Zone of Sri Lanka discusses the possibilities
existing in the country. Recent studies reveal that in some irrigation systems, less than 50 %
of the family income is derived from irrigated agriculture and a greater part of the family income
is derived from non-agricultura activities. Furthermore, it was revealed that, 10 acres of irrigated
agriculture has to ensure at least 250 person-days of employment to be the major source of
income for farmers. In order to overcome this situation, the availability of irrigation water must
be increased economically.

Probably the most profound challenge facing world agriculture today, and in the
foreseeable future, is producing more food with less water. Over 90 % of liquid fresh water
that is available at any given moment, lies beneath the land surface. Groundwater, unlike surface
water, is available in some quantity in almost every place that man can settlein, and is amore
dependable source of water than surface water during periods of drought.

Sri Lanka is the world's second highest user in terms of the percentage of the overall
population, in utilizing fresh water withdrawals for agriculture. The combination of the surface
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irrigation water and groundwater is the best alternative for improved water productivity. It
was observed that the water table will reduce by 60 % to 70 % in between two consecutive
seasons in 95 % of the catchment area under study. This implies that the boundary treatment
combined with changing the operational policy of minor and medium irrigation schemes by
foregoing a part of the cultivation is an economically feasible policy alternative with certain
limitations such as a minimum project life period of 20 years and a maximum borrowing rate of
7.5 %. After completion of the project investment, the average cost of irrigation water will
reduce considerably due to lower energy costs and this in turn will increase the extent of
cultivation per unit of irrigation water.

Minor/medium irrigation schemes conserve surface runoff and convey the most part of
it to recharge groundwater and, as such, serve as a recharge shed for the wells situated in the
zone of influence. It is an insurance against water scarcity, as the yield increases considerably
for every unit of rainfall. The minor/medium irrigation schemes prevent soil erosion and
depletion of soil fertility. In the context of impending and looming water deficiency, the
construction of minor/medium irrigation schemes will be a dependable infrastructure in the
development of water potential in any catchment. Acknowledgement of the remarkable role
played by the minor/medium irrigation schemes on replenishment of groundwater and its spread
over a large area would be a great asset in planning and execution of settlement and crop
production projects.

This research leads to the conclusion that a change in the operational policy of minor/
medium irrigation schemes by foregoing one-third of the cultivation under minor/medium
irrigation schemes. Retaining one-fourth of the storage of these irrigation schemes at any
season will gain an average of 45 % to 65 % of the loss of water table. Construction of new
or reconstruction of abundant minor /medium irrigation schemes, reserving 25 % of the storage
exclusively for recharging groundwater, and changing the operational policy to retain 25 % of
the present storage of existing minor/medium irrigation schemes to recharge groundwater. The
sill of the sluice can be raised to store 25 % of the total capacity of the scheme as dead storage,
which in turn will reduce considerably the average cost of irrigation water for Other field Crops
(OFC) cultivation, given the lower energy costs, and thus increase the extent of cultivation
per unit of irrigation water and lead to an overall increase in water productivity.

Hence, the authors recommend constructing new irrigation schemes, which can
accommodate a dead storage of 25 % of the full capacity. Furthermore, during any reconstruction
of existing duices, the sill has to be raised to retain 25 % as dead storage in the future.

Economic Valuation of Irrigation Water

The paper by PSivarajah and A.N. Ahamad titled ‘ Economic Valuation of Irrigation Water under
aMgjor Irrigation Scheme (Gal Oya) in Eastern Sri Lanka deals with the economic valuation of
irrigation water. The authors attempt to highlight the value of water used for producing food
with irrigation water. The study estimated the value of irrigation water using the principle of
‘Marginal Value Product in a Linear Programming Approach’ that maximizes net returns for a
specific farm plan. The analyses are based on a survey carried out at the Right Bank System
in the Gal Oya Irrigation Project using a sample of 30 farmers.

The ‘Shadow’ or ‘Dual Price’ of water was used to estimate the economic value of
irrigation water for paddy and chili cultivation. It was found that the farmer can obtain a
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maximum profit of Rs. 59,127.88 per season by cultivating paddy and chilies on 2 acres of
land. The water constraint had a Shadow/ Dual Price of Rs. 6,159.76, which implies that the
farmer can increase his net profits by this amount by using additional acre-feet of irrigation
water in his optimal farm plan. This suggests that it is profitable for the farmer in the area to
purchase water at a price close to or less than Rs. 6,159.75 per two acre-feet. Water has such
a high Shadow/Dual Price because of its limited availability.

Spatial Variation of Water Supply and Demand in Sri Lanka and also Need
for National Level Water Resources Assessment/Audit in the Country

Upali Amarasinghe of IWMI in his paper titled * Spatial Variation of Water Supply and Demand
in Sri Lanka' analyzes the spatial variation of water supply and demand based on time series
socioeconomic data. His analyses at macro-level conditions are useful in generating an
understanding of water supply and demand in the country as whole. This paper discusses
spetial variation of water supply and the increased demand situation in Sri Lanka in recent
years and assesses regional and seasonal water stresses.

Amarasinghe shows that renewabl e fresh-water resources of Sri Lanka vary significantly
acrossriver basins and seasons. For example, water availability varies significantly even within
some water-rich basins, most significantly in the Mahaweli River. Of the 103 river basins, 12
river basins with 46 % of the geographical area generate 72 % of the total renewable water
resource (TRWR) in the country.

The TRWR of 75 basins including Mahaweli and Gal Oya has significant seasonal
variation where rainfall in the maha season contributes to two-thirds of the runoff. Intra-annual
variation in water availability isthe major constraint for productive agriculture in these basins.
Thus, storing water for irrigation in the yala season (April to September) is essential in many
river basins.

Water storage is even more important due to inter-annual variation of TRWR. The 75 %
probability dependable runoff is only 83 % of the average TRWR. Thus, in the presence of
increasing intra- and inter-annual variability of rainfall due to climate change, water storagein
these basins becomes very important. In spite of large intra- and inter-annual variation of
rainfall, Sri Lanka's storage capacity isvery low at present. By 1996, Sri Lanka had devel oped
about 6 bcm of storage capacity. Thistranslates to a per capita storage of only 291 m?® in 2005.
However, this capacity is very low.

Water security through higher storage was a crucial base for early economic development
in many devel oped countries. However, many of the potential sites for large surface storagein
Sri Lanka are already exploited. Moreover, social and environmental concerns for new large
storage structures are also increasing. Thus, increasing natural groundwater recharge by
exploiting the resource in the non-rainy seasons, or through artificial groundwater structures
in the rainy seasons could increase the storage capacity much more.

Most of the water-scarce basins are located in the dry zone. A large part of irrigation
withdrawals recharges groundwater. However, in Sri Lanka reuse of this water in terms of
groundwater withdrawalsis negligible at present. Many river basins are already physically water-
scarce, where even irrigation water withdrawals are a significant part of the TRWR. Physical
scarcity will exacerbate the situation in many basinsif domestic and industrial water withdrawals
(10 -15 %) are d so taken into account. This situation is very severein water-scarce basinsin the
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dry zone, and can be further aggravated if estimates of utilizable water resources exclude
environmental water needs. The environmental water demand of many river basinsin Sri Lanka
could be about 15 - 30 % of the TRWR and, if thisamount is subtracted from TRWR for estimating
productive use of Water Resources (PUWR) , many of the basinsin the dry zone could fall into
the physically water- scarce category.

In this context Amarasinghe attempts at answering the question of what options are
available for Sri Lanka in meeting future water demand? At the present rate of growth, Sri
Lanka's population will peak in the early 2040s, with an increase of 15 % from the current
population (UN 2006). If the present self-sufficiency levels of different crops are to be
maintained and the present level of crop productivity persists, the irrigation demand for meeting
food demand for this maximum population could increase by, at most, 15 %.

Given the high level of water development for irrigation, increasing irrigation efficiency is
one of the feasible options available for meeting future water demands. If irrigation efficiency is
increased to 45 % from the currently assumed level of 35 %, the irrigation demand shall decrease
by 22 %. If irrigation efficiency is increased to 55 %, irrigation demand will decrease by 35 %.

The paper presented by Matin et al. at the conference highlights the need for * Development
of a Water Resources Assessment and Audit Framework for Sri Lanka The authors point out
that to meet the growing problems of water resources, it is necessary to carefully assess the
existing water stocks and future trends in a country. The accuracy of such an assessment highly
depends on the quality of data and information used for it. In most developing countries, the
lack of readily accessible and quality controlled dataisthe mgjor obstacle for scientifically-based
water resources assessments, water development planning and evaluating the status and trends
of water resources. Sri Lankaisin asimilar position. Sri Lanka experiences high seasonal and
spatial variationsin rainfall due to the bi-monsoonal climatic pattern (north-east monsoon from
October to March and south-west monsoon from April to September) — (Amarasinghe et a.
1999). Large tracks of the country are drought-prone. Therefore, a better understanding of the
national water situation is critically important. The IWMI researchers are in the process of
developing this framework, taking Sri Lanka as a case study in the hope of extending the
application of methodology to the situations in other countries.
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Introduction

To improve the accessibility, productivity and sustainability of water services, capacity-building
of existing organizations and stakeholders has become a priority requirement in the water sector.
Installation of physical infrastructure and implementation of direct training sessions alone will
not fully consolidate the social and economic benefits of the water services unless proper
interventions are made to improve the legal, regulatory and institutional environments. The
dynamic nature of the water sector, demands that institutions handling water management also
be dynamic institutions that can adapt to changing demands and circumstances. It is possible
to transform the existing institutions into more responsive and accountable entities by
enhancing their capacity without undermining their current position within the sector.
Sustainability of the physical infrastructure depends entirely on the capacity of the institutions,
organizations and individuals. Proper social behavior is also needed to complement the
improved institutional and organizational capacities. It is time to identify the requirements of
capacity development referred to as the ‘software component’ in the current water sector
investments that would address the current needs of the country. The objective of this theme
paper is to discuss gaps apparent in the current system and interventions necessary for
capacity-building in the Sri Lankan water sector to fill these gaps.

Definitions of Knowledge and Capacity

The knowledge of an individual relates to the individual’s ability to identify and describe issues,
challenges or problems confronted and to articulate effective solutions to them. At the same
time, the individual must possess the skills to communicate and share relevant information
and ideas with other experts, peers and decision-makers before any action is taken (Alaerts
and Kaspesma 2009).

Capacity can be defined as the capability of an individual, institution or society/
community to identify and understand its development issues; to act to address and learn
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from the experience and accumulate knowledge for the future (ibid). The capacity of an
individual is normally measured in terms of the knowledge base, educational background and
skills possessed, while for organizations, the effectiveness of general managerial and
administrative set up, wealth of human resources, existing laws and regulations and enabling
policies, and environment, are the indicators of its capacity.

Capacity Development Needs

When compared with other service sectors such as housing, roads, transport etc., the water
sector inherits a series of complications not present in the case of other sectors. This partly
results from the temporal nature of decisions linked to the time gap between raising an issue
and implementing the decision on how it should be addressed, and the fact that may need
short-term, medium-term or long-term solutions which would entail different time spans for
implementation. Short-term solutions may need to be taken hourly in cases such as irrigation
water distribution, while the medium-term time frame may span daily, weekly, monthly or
seasonal requirements. Long-term solutions may consider issues that span decades.

Apart from the time span, the scale of the issue (whether local, regional or national) is
another major consideration to be taken into account when handling the water sector. This
issue of scale will have different impacts at different levels, from one scale to another.
Furthermore, the solution suitable for one scale will not be suitable for another despite many
similarities in the nature of the problem.

Sub-sectors such as irrigation, domestic water supply, industrial water, hydro-power,
urban drainage, river-flood management, coastal management and the environment, each covers
a wide sphere of management challenges that require an immense capacity and knowledge
base to properly address these issues.

All these factors call for the intervention of strong institutions as well as competent
individuals to handle the issue in the best possible manner. Hence, the water sector is
considered an arena that demands more intensive knowledge and capacity than any other sector.

Methodology for Capacity Development

Competencies of individuals, organizations and civil society must be developed along with
the creation of an enabling environment for sector performances to be effective. Generation
and dissemination of knowledge for individuals in an organization normally takes place not
only through formal training but by the practical use of such knowledge, learning from peers,
and learning through formal and social networks. In an organization, capacity development
can take place through change management, human resources management, acquiring services
of specialists etc. Continuous processes of knowledge and capacity development is an indicator
of a healthy environment of an institution.

Apart from the formal institutions, each individual in society also takes decisions on
water use in their day to day life. Such decisions may be in relation to livelihoods, sanitation,
community health, pollution of the environment and so on. Such individual interventions in
water use are vital and can influence policy formulation to operation and service deliveries.
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Hence, knowledge and capacity development pertains not only to the formal organizations
and their personnel, but also to individuals and informal groups in society. Civil society too,
should therefore, be strengthened with proper water literacy programs so that the public will
utilize water efficiently and participate in decision-making processes with awareness.

However, the effectiveness of developing the knowledge and capacity of individuals
and institutions can only be seen if a suitable environment is created for them to apply such
knowledge and capacity. This enabling environment can be created with the introduction of
suitable policies, regulatory frameworks, and sound fiscal management.

The schematic diagram in Figure 1 suggests the knowledge and capacity requirements
for each category, mode of development and the final outcome and indicators to measure the
effectiveness of such knowledge and capacity (Alaerts and Kaspesma 2009).

Figure 1. Knowledge and capacity development requirements, outcomes and indicators for success (after

Alaearts, 2009) as quoted in (Alaerts and Kaspesma 2009).
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Creating a conducive environment for individuals and institutions to perform is defined
as a sign of good governance. (UN HABITAT 2002). However, to make the changes necessary
to achieve good governance, individuals and organizations must be capable of accurately
appreciating the present and future needs of the sector. Efforts taken during the last decade
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to introduce policy and institutional frameworks for the water sector in Sri Lanka have failed
due to the lack of such appreciation.

The Water Management Secretariat (or popularly known as the ‘Water Panel’), which
functions under the administration of the Mahaweli Authority, can be quoted as a pilot
intervention made in the water sector to create an enabling environment for decision-making
in sharing water among different users and different organizations. However, it has not been
expanded substantially to absorb the requirements of the changing environment in Sri Lanka
and to perform the role of a regulator in water sharing. It would have been upgraded to assume
the role of regulator if the unit was detached from the Mahaweli Authority. As long as it is
attached to any organization, it cannot be accepted as a regulator due to the conflict of interest
created by such an institutional affiliation.

Current Institutions and their Functions

It is estimated that there are more than 50 government and semi-government institutions dealing
with subjects relating to the water in Sri Lanka (IMPSA Secretariat 1988). These organizations
have evolved under different historical backgrounds to fulfill the need of the day. Their
intervention in the water sector may be at different levels and in different forms. For example,
community-based organizations (CBOs) play a vital role in the irrigated agriculture sector, while
interventions of both NGOs and CBOs are more significant in the domestic water and sanitation
sectors than in others.

Annex 1 shows the main institutions and organizations and their functional areas in the
water sector in a broader sense as service providers or beneficiaries. There are some areas
that lack an institution with direct responsibility, while in some areas responsibility is seen to
overlap between institutions. Absence of an institution to regulate the development activities
in water resources can be observed as a major drawback in the system as clearly shown in the
matrix in Annex 1. The disintegration of a single subject into several ministries can be highlighted
as a cause for the overlap in responsibilities. For example, the subject of irrigation is handled
by two main cabinet ministries at the national level, while the nine Provincial Councils deal
with the same subject separately within their own provinces.

It is a common allegation that in developing countries like ours, institutions possess
weak administrative systems due to state and bureaucratic behavior. The government
institutions are further blamed for preoccupation with technical aspects and standardized
solutions, while financial regulations seem to be the impediment of development activities.
Due to the exodus of professionals, there is a vacuum in the service organizations aggravating
the situation further. A good indicator of these weaknesses is the low percentage of
disbursement of finances received by these institutions from the national budgets and from
funding agencies. The failure to fully use the available funds suggests that it is the lack of
proper knowledge or capacity to deliver feasible project proposals or implementation schedules
that hinders development and not the shortage of funds.

Local government institution are far behind the national or provincial level institutions
in providing the services required by the public, and this is largely because of the limited
opportunities extended to the officers to gain and share experiences and enhance their
knowledge. Overlapping responsibilities among local, provincial and national authorities has
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created confusion in the institutions. This can be witnessed in areas such as the regulation of
water pollution, groundwater management, catchment management and urban drainage. Urban
wastewater and solid waste deposited in rivers and tributaries contribute significantly for
polluting water in the rivers. The local government authorities do not have sound strategies
to address these issues, even though such pollution is a serious problem common to all and
affecting the entire country.

Integration of Decisions

The fragmentation of subject areas among several institutions has created the need for a strong
coordination system within these institutions for proper service delivery. In the absence of
such a coordination mechanism, the translation of individual policies and functions of these
institutions into action is always confronted with issues resulting from the interdependent
nature of the water resources. There are many instances that demonstrate the need for the
integration of decisions taken by organizations. It has been well understood that physical
and institutional integration in river basins are essential for better water resources management
and to address water allocation and water pollution issues, but unfortunately, such mechanisms
for integration are not available. This situation means that it is not possible for any given
organization to operate in a secluded environment as may have been envisaged at the inception
of the organization, and instead organizations must develop close ties with all those engaged
in water management activities.

Furthermore, the development of many other sectors depends on the efficiency of the
water sector. If urban development plans are considered, domestic water supply and proper
drainage are prime concerns for the planner, and with regards to which only water experts can
intervene. Similarly, if one considers road and railway infrastructure, industrial development or
the fast developing agricultural industry, the capacity of the water sector has a direct influence
over the efficiency and sustainability of the development of these sectors. The water needed
to keep the river environment in a healthy condition also cannot be forgotten in this context.
Sharing water in the irrigation reservoirs for domestic use is such an example of promoting
environmentally-friendly methods of water allocation. When planning irrigation schemes for
rural areas, especially in the first half of the last century, pipe-borne water supply for the
inhabitants or locality was neither a requirement nor a feasible option. However, when the
locality is developed and after the scheme has been in operation for a few decades, the
requirement for domestic water supply becomes a basic requirement. It is the responsibility of
the institutions at that point to take cooperative decisions while considering national interests.
However, it should be mentioned that whether a locality is developed or not, access to safe
water for the people in the area is first priority and a basic right. The demand for safe water
has been increasing with increasing public awareness.

To fulfill such local, regional and national level needs, sectoral groups must be formed
as an enabling environment, and knowledge and capacity development be facilitated to analyze
problems and reach consensus with respect to solutions. The sectoral groups formed should
include representatives from multiple water uses, including civil societies. The capacity of
individuals, organizations and sectoral groups may need to be enhanced separately as well as
collectively. Furthermore, organizational frameworks are needed to provide forums to bring
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together the views of all stakeholders in order that there may be a continuously updated
response to local water requirements. An important aspect here is that individuals (from a
community member to the minister in charge of water) and the institutions they work in and
operate, should work hand-in-hand to reach effective responses and practical outcomes.
Sharing information, data and research findings is another way to develop the capacity
of the team, and which becomes simpler to effect given the current development in the IT
sector. There can be mechanisms developed to share water-related data and information among
key stakeholders to make common decisions related to water resources management. In the
present context, information sharing among key water management agencies is rather poor.

Conclusion

Notwithstanding the nature and amount of investment for infrastructure development, the
sustainability of the system depends on the competency of the personnel and institutions
that mange the system, and the society that uses the system. Hence, investment in knowledge
and capacity development (KCD) as well as creating enabling environments should be part
and parcel of the current development projects. There are immense advantages in implementing
KCD programs, such as possibilities of making decisions with the consensus of all the
stakeholders and of utilizing human, financial and physical resources in a more effective manner.
Thus the expenditure in terms of money and time on KCD will be an investment in the country
in the long term.
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Abstract

Over the past decades public investment in major, medium and minor irrigation systems
has not yielded the expected results. The solution to the growing water crisis lies in the
institutional reform of existing social systems so as to manage the demand for water.
In recent times, there has been an emphasis on capacity-building of farmer organizations
(FO) in irrigation projects. This study focuses on investigating the institutional capacities
of FOs in irrigation systems in the Anuradhapura and Kurunegala districts. Primary data
was collected from a stratified random sample of 48 FOs selected from major, medium and
minor irrigation systems in the Anuradhapura and Kunurnegala districts during 2008. The
Group Dynamics Effectiveness Index (GDEI) of FOs was developed by weighing the
significance of important parameters and employed in the calculation of the overall
effectiveness of FOs.

Most of the FO members in both districts were landowners and there was a powerful
dominance from farmers. Generally, the marginal participation in FO activities was about 38 %
in both districts. The most common causes for the low participation were the lack of
accountability and transparency of the functions of FOs. Farmer organizations (FOs) in major
and medium irrigation systems had 51 % and 29 % higher GDEI, respectively, than FOs in
minor irrigation systems. The values of ‘Gini Coefficients’ in major, medium and minor irrigation
systems were 0.38, 0.43 and 0.48, respectively, thus indicating that FOs play an important role
in minimizing inequalities among farmers. There was no significant difference in water
productivity (0.19-0.20 $/m?®) between major and medium irrigation systems, but the water
productivity was low (0.07 $/m?) in minor irrigation systems. Farmer organizations (FOs) with
medium size (30—40 members) and economically homogeneous members had better irrigation
management. Chi-square results show that while the income equity had no significant effect
on the overall GDEI, the participation rate and water productivity that reflects the success of
operation and maintenance (O & M) had a significant impact of 5 % and 10 % probability
levels to the GDEI of FOs.
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There is a need to establish strong linkages between the FOs and the Irrigation
Department for successful irrigation management. The behavioral change that is required to
facilitate the adoption of technology can be effected through institutional changes. It is
recommended that FOs need a lot of capacity building in technical and institutional issues to
sustain the irrigation systems.

Introduction

Background

The devolution of responsibility in natural resource management from the state to  ‘communities’
or local user groups has become a widespread trend that cuts across countries and resource
sectors. Programs such as Joint Forest Management, Irrigation Management Transfer, and
Fisheries Cooperative Management can all be seen as variations of attempts to establish or
strengthen ‘community-based natural resource management’ (ADB 2000). The widespread trend
of such decentralization has by and large ignored the implications of intra-community power
differences for the effectiveness and equity of natural resource management. The method of
organizing farmers and forming farmer organizations (FO) needs to be revised to meet the following
development challenges of the twenty-first century: 1) the increasing absolute and relative
poverty in many countries; 2) the degradation of natural resources such as soil, water and
vegetation; 3) the low involvement of women in agriculture, and other development programmers;
4) the poor health and education facilities in rural areas; and 5) the increasing sociopolitical unrest
among communities.

In the above context, FOs can help harness this synergetic power for its members’
survival, growth, and development. Empowered FOs can act as convergent points or platforms
for solving local problems and mobilizing human and financial resources for sustainable
development. Many studies have been carried out on FO effectiveness in irrigation
management and the general conclusion has been that in the past, attention has been diverted
to matters other than irrigation system management and maintenance (Thiruchelvam 2009). At
the beginning, although irrigation development funds aimed to provide physical structures to
the irrigation systems, adequate attention was not given on the efficiency of investments in
economic terms. As a result the return of investments in this sector has fallen below
expectations.

Legal Background of Farmer Organizations (FOs)

The organizations registered under the Agrarian Development Act No. 46 of 2000 are the
recognized FOs. Earlier, Clauses 42, 58 A and 58B of the Agrarian Service Act of 1979 were amended
by Act No. 4 of 1991 and Act No. 13 of 1994 for the formation of FOs. The Agrarian Development
Act No. 46 of 2000 replaced the Agrarian Service Act. It enabled tenant cultivators to become
owner operators. The Agrarian Service Committee was replaced by the Agricultural Development
Council with powers to take over and cultivate lands that were not productively used. This new
Act also authorized FOs to be informed of any construction projects etc. Now all the by-laws in
the study area have been prepared in accordance with the Agrarian Service Act of 2000.
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Institutional reform and capacity-building are taking place under government initiatives
and with external assistance. However, the necessary reforms have not been initiated in many
irrigation rehabilitation projects. Capacity-building of FOs is considered as a prerequisite for
the sustainable management of irrigation systems. Farmer organizations (FOs) were given legal
recognition in 1991 and capacity-building of FOs received particular emphasis in 1994. Since
1998 under the Participatory Irrigation Management (PIM) programs, FOs were further
encouraged to act on independently. However, when looking at projects and implications, there
is still a wide gap between policy objectives and project realities (Thiruchelvam 2004).

The solution to the growing water crisis lies in institutional reform in existing social
systems so as to better manage the demand for water. In recent times, the focus of agricultural
development has gradually shifted more towards the economic advancement of the poor in
irrigation schemes through irrigation system rehabilitation, community empowerment, and other
related activities. The rehabilitation of irrigation projects in the North Central and Western
provinces emphasized the need for improved capacity-building for FOs. This process adopted
social mobilization processes to improve efficiency and pave ways to strengthen FOs, and
find ways and means to improve the commercial and income generation activities of the FOs.

In this context, this study focuses on investigating the impact of these project interventions
on the capacity-building of FOs in irrigation systems in the Anuradhapura and Kunurnegala
districts. Specifically this study aims to investigate project intervention on FOs’ functions,
membership participation, performance in irrigation management, and group effectiveness.

Methodology

Study Area, Sampling and Data Collection

The study areas of the Anuradhapura and Kurunegala districts principally fall under three
agro-ecological zones namely, Low-country Intermediate Zone 1(IL1), Low-country Intermediate
Zone 2 (IL2) and Low-country Dry Zone from South to North. The annual rainfall in IL1 is less
than 1,016 mm (Figure 1). It covers sections of the North Western, North Central and Central
provinces. Irrigation schemes under gravity irrigation are divided into major, medium and minor
on the basis of the land extent served (command area) by these schemes. Major irrigation
systems are defined as those that have command areas of more than 1,000 ha, while systems
between 80 and 1,000 ha are considered to be medium irrigation systems. Minor irrigation
systems are those with command areas of 80 ha or less. However, in terms of the total extent
and total number of farmers served in the country, minor irrigation systems, often referred to
as village tanks, occupy an important place.

Primary data were collected from a total of 48 FOs, including 25 and 23 FOs in the
Anuradhapura and Kurunegala districts, respectively, from the selected major, medium and
minor irrigation systems. The data used stratified sampling, which was based on the location
of the farms in the irrigation systems in relation to water distribution and channel network.
Semi-structured questionnaires were used to collect data during February and March 2008.
Secondary data was obtained from the reports of the Department of Agriculture, Irrigation
Department, and District Offices of the Department of Agrarian Development of Anuradhapura
and Kurunegala districts.
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Figure 1. Map of study area with irrgation tanks in the Anuradhapura and Kurunegala districts.
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Conceptual Framework
Dimensions of Community Empowerment

Empowerment could be defined as the process by which people, organizations, or groups,
who are otherwise powerless, are formed into a group to consolidate their rights. Under the
rehabilitation project, activities in social mobilization processes, participatory development and
empowerment help the community to improve efficiency, strengthen co-ordination and find
ways and means to visualize their economic resources. The community becomes aware of the
power dynamics at work in the context of their life and are therefore, able to appreciate the
effect of changes in any political culture (Figure 2).

Figure 2. Dimensions of community empowerment and economic advancement.
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Understanding the above characteristics of the community is important for capacity-
building, which is given an important place in the rehabilitation project. The above process
intends to uplift the mindset of the people to use self-reliance as a process approach
(Figure 3).

Figure 3. Process approach.
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Strategies for ‘Sustainable Irrigation Management’ include five capitals of community
development. The broad conceptual framework is presented in Figure 4.

Figure 4. Sustainable irigation framework - livelihood capital/assets.
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Group Effectiveness of Farmer Organizations

To understand the effectiveness of FOs, a Group Dynamic Effective Index (GDEI) was used
on the basis of five different parameters, which were afforded different weights in calculation
of overall group effectiveness. Parameters like participation, decision-making, operation and
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maintenance (O&M) functions, fund generation and focus on women and poor, were considered.
Each parameter was assessed using three statements from which farmers’ responses were taken,
based on a five-point continuum ranging from very low to very high. Mean and standard
deviation values of each initiator were calculated as a first step and thereafter, overall group
dynamics effectiveness was calculated on the basis of the different weights given to the five
factors in GDEI

A representation of about 10 % in the total number of members in the sampled FOs under
the selected three different irrigation systems, including three office bearers, was considered
adequate. Accordingly, a total of 123 and 139 farmers were interviewed under the three irrigation
systems in Anuradhapura and Kurunegala districts, respectively. The Chi-square test was used
to assess the contribution of the group dynamics performance of FOs among major, medium
and minor irrigation systems for the two districts. The ‘Gini Coefficient’ and water productivity
were estimated using standard methods.

Results and Discussion

Functioning of Farmer Organizations

Generally, it was observed that there was no clear understanding of the Agrarian
Development Act of 2000 and the registration process, and there is therefore, an urgent
need to give more attention to the formalization of the registration process. According to
the information collected, the general marginal participation in FO activities was about 38
% in both districts. The participation of women was low in both districts. The most common
causes for the overall low participation rate at FO meetings were dissatisfaction with the
way the FOs function and, especially the suspicion of misallocation of funds, distrust
and jealousy. These concerns were manifest mostly in minor tanks compared to medium
and major irrigation systems.

The lack of accountability and transparency in the functions of FOs had resulted in
the level of satisfaction in the function of FOs to be at approximately 34 % and 25 % in the
Anuradhapura and Kurunegala districts, respectively. In both districts, most of the FO
members were landowners and there was a powerful farmer domination in the decision-making
of FOs.

Table 1 highlights that the FOs were not strong enough to solve their problems and
were unable to effectively fulfill their responsibilities. Many factors, both external and internal,
determined the strength and the sustainability of FOs. Profit-oriented leaderships guided many
FOs. Linkages with other community-based organizations such as Rural Women Societies, Youth
Clubs etc., may assist FOs to obtain funds and services when their resources become
insufficient. There was no real networking of community-based organizations (CBOs), which
would have helped in sharing and exchanging information and ideas. Such a system of
networking would have enabled FOs and other CBOs to operate more effectively and efficiently,
and with a greater impact on the community they represent.
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Table 1.  Activity of farmer organizations in the Anuradhapura and Kurunegala districts.

Irrigation Linkages with Problems Solved Difficulties/Conflicts Types
Systems other CBOs by FO in FO
% of Farmers Reported
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Anuradhapura
Major 22 36 42 52 31 17 35 14 11 40
Medium 14 37 49 56 36 08 37 13 16 34
Minor 23 44 33 60 27 13 43 16 18 23
Average 20 39 42 56 31 13 38 14 15 33
Kurunegala
Major 27 29 44 47 39 14 32 19 14 35
Medium 29 30 41 54 29 17 43 16 14 27
Minor 37 24 39 58 27 13 47 21 17 15
Average 31 28 41 53 32 15 41 18 15 26

Note: FO stands for farmer organizations; CBO stands for community-based organizations

Performance of Farmer Organizations (FOs)

Although FOs had been established in all irrigation schemes, they have various problems such
as poor maintenance of irrigation facilities, low member participation in FO activities, lack of
good leadership and poor communication.

Table 2 shows that farmers perceive that FO strengthening can enable them to manage
scarce water, increase cropping intensities and realize high yields. The focus on the poor and
improving the participation of women was less, amounting to only an average of 13 % and 17 %
of FOs in Anuradhapura and Kurunegala districts, respectively, reporting. These figures generally
did not change among the three schemes. Farmers and women had no formal land rights and did
not have a strong voice. However, should women decide to become members of FOs, they can
participate in decision-making, and will be entitled to receive the benefits of FO membership
such as access to seeds, fertilizer, credit, income-generating activities, etc. Approximately 75-85 %
of the women in all the schemes in both the districts are actively involved in paddy and chena
cultivation. A small percentage of women (2 to 3 %) were compelled to assume responsibility for
their cultivation by virtue of being widows. The number of poor farmers in relation to the total
farmer population was approximately 20 %. There were particular reasons why women deliberately
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Table 2. Performance of farmer organizations in the Anuradhapura and Kurunegala districts.

Irrigation Consultation Involvement of Internal linkages Account keeping
Systems with members the poor and and functional
participation linkages
of women
% of FOs Reporting

)

3

g = 3

S Q g)n k3t Q 4] 8 °

’ g 3 z 21 % |8: g2

- = 15 - g = = o et

z g 3 = | z5 | & |52 Z £
Anuradhapura
Major 82 18 91 09 90 10 64 36
Medium 85 15 83 17 82 18 72 28
Minor 88 12 87 13 92 08 80 20
Average 85 15 87 13 86 12 72 28
Kurunegala
Major 89 11 87 13 81 19 73 27
Medium 81 19 82 18 86 14 85 15
Minor 92 08 79 21 89 11 90 10
Average 87 13 83 17 85 15 83 17

chose not to attend FO meetings: they were engaged in domestic tasks; the presence and behavior
of drunken men in the FO; lack of benefits from FO membership and malfunctioning of the FOs.
When they did attend meetings, their participation was limited to listening only. These findings
fall in line with the outcome of other studies such as Irna van der Molen (2001).

As regards the effectiveness of FOs in resolving problems, a little over 50 % of the
problems were solved occasionally and less than 25 % of the problems were solved completely.
In most decision-making cases, only a small group of the ruling party decides on matters related
to FOs. Farmer organizations (FOs) in major irrigation systems had sufficient production and
infrastructure facilities. The weak status of FOs in minor tank schemes was reflected in
inadequate infrastructure facilities and the extent of undeveloped land for cultivation in both
districts. Membership fee and money earned through various contractual activities was low
and the accounts of such details were not available in the majority (78 %) of the FOs, thus
indicating the lack of accountability and transparency of FOs.

Chi square analysis (Table 3) shows that small and homogeneous FOs had better
conflict resolution mechanisms in O&M matters. The majority of the FOs had paid less
attention to solving their problems by themselves. The expectation was that FOs that were
of a small size and that had less inequity between members would be more successful at
conflict management. However, the study found, as demonstrated in Table 3, that FOs with
memberships between 30 and 60, and less inequity didn’t demonstrate a conflict management
level as high as what was expected, amounting to 61 %. The null hypotheses that there was
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no relationship between the size and equity of FO membership, with conflict management
were rejected at 0.05 level of probability.

Table 3.  Relationship between the capacity of conflict management, and the size and
homogeneity of members in irrigation systems in the Anuradhapura and
Kurunagela districts.

FO Membership Size  Level of conflict management

Low Medium High
Low < 30 3 (19 %) 4 (25 %) 9 (56 %)
Medium 30< <60 2 (10 %) 6 (29 %) 13 (61 %)
Large >60 1 (10 %) 6 (60 %) 3 (30 %)
Total FO No. 47 6 16 25

Note: (Chi-square= 13.24, P<0.05) (Given in parenthesis are row percentages)

Group Effectiveness of Farmer Organizations

Levels of indicators of group dynamic effectiveness in major, medium and minor irrigation
system FOs in the Anuradhapura and Kurunegala districts are presented in Table 4. Since the
values obtained were not different in the two districts, the table reports the average estimated
figures of both districts. It is revealed that the member farmers of FOs who perceived that
there was participation in FO activities were 4.64, 3.52 and 2.82 in major, medium and minor
irrigation systems, respectively, in both districts. The perception on decision-making in FOs
was 6.40, 5.50 and 4.51 in major, medium and minor irrigation systems, respectively.
Operation and maintenance (O&M) was perceived to be relatively high and was at 7.3
and 6.1 %, respectively, for members of FOs in major and medium irrigation systems, followed
by 4.46 in minor irrigation systems. Farmers’ perceptions on fund generation activities had a
higher percentage than the participation of women and poor farmers in all irrigation systems.

Table 4. Group dynamics efficiency index of farmer organizations in three selected irrigation systems
in the Anuradhapura and Kurunegala districts.

Indicators of GDEI Major Irri. Sys. Medium Irri. Sys. Minor Irri. System
HHs No. 91 HHs No. 101 HHs No. 70

Participation 4.46 (0.74) 3.52 (0.98) 2.82 (1.09)
Decision-making 6.40 (0.42) 5.50 (1.49) 4.51 (1.99)

O & M function 7.30 (1.09) 6.10 (0.82) 4.46 (0.73)

Fund generation 4.30 (0.31) 4.14 (0.51) 3.71 (0.94)

Focus on women 3.70 (0.91) 3.60 (0.91) 3.42 (0.91)

and poor

Overall GDEI 6.27 (1.15) 5.35 (1.64) 4.15 (1.68)

(Weighted Average)

Note: Figures in parenthesis are standard deviation. Maximum and minimum possible scores are 10 and 0, respectively
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The lower participation of women and poor farmers in FO activities indicates the general lack
of understanding and concern for the situation of such persons among the FO members. The
variation in the response of farmers was less in the case of major irrigation systems, as
compared to medium and minor irrigation systems. The perception of member farmers in minor
irrigation systems was strikingly low for all of the indicators of GDEI. This kind of variation in
the perception of member farmers of FOs may be due to the spatial difference of the location
of FOs in the systems. The value of overall GDEI was 6.27, 5.35 and 4.15 at major, medium and
minor irrigation systems, respectively, in both districts. These figures indicate that FOs in major
and medium irrigation systems had 51 % and 29 % higher GDEI than FOs in minor irrigation
systems in both districts.

The calculated values of ‘Gini Coefficients’ in major, medium and minor irrigation systems
were 0.38, 0.43 and 0.48, respectively. These indicate that FOs play an important role in
minimizing inequalities among farmers. They did not differ significantly between the two
districts. A comparatively higher inequity exists in the minor irrigation schemes. Comparing
the head and tail-enders of the irrigation canals shows a higher degree of disparity in income
in the tail-end of the irrigation canal. The major reason for this inequality is the inequitable
distribution of irrigation water.

There was no significant difference in water productivity (0.19 — 0.20 $/m?) between the
major and medium irrigation systems, but water productivity was seen to be low (0.07 $/m?) in
minor irrigation system, possibly caused by water scarcity. Farmer organizations (FOs) with
medium size (30—40 members) and economically homogeneous members had better irrigation
management.

Chi-square results (Table 5) show that income inequity had no significant effect on the
overall GDEI. The participation rate had a significant impact of a 5 % probability level to the
GDETI of FOs, while water productivity that reflects the success of O&M had a less significant
impact of 10 % probability level to the GDEI of FOs.

Table 5. Factors affecting the overall group dynamics effective index results.

Variable Chi-square Significance (3-tailed)
Income equity 0.712 0.413

Participation rate 01.054 0.000%*

Water Productivity (O&M) 00.180 0.000%*

Notes: *Significant at 0.05

** Significant at 10 % level.
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Conclusions

This study highlights the need for pragmatic capacity-building and empowerment of FOs to
improve self-management in both districts. Effective FOs will be more likely to increase their
functions and membership size with better linkages with other CBOs, Government
Organizations (GOs) and Non-governmental Organizations (NGOs). It is recommended that
FOs need considerable capacity-building in technical and institutional issues to sustain the
irrigation systems. Farmer organizations (FOs) in major and medium schemes were
comparatively well organized. The FOs in minor irrigation systems, however, demonstrated
a poor level of capacity to function and manage in both districts. Minor irrigation systems
require more software-oriented interventions such as training and capacity-building of FOs.
Efforts to improve the position of targeted focus groups and the introduction of a self-help
approach are important for transforming human resources into human capital in the capacity-
building process. In conclusion it has to be reiterated therefore, that FOs would need a lot
of capacity-building on technical and institutional issues to ensure the sustainable
management of irrigation systems.
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Spatial Variation of Water Supply and Demand in Sri Lanka
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Introduction

At an aggregate level, Sri Lanka, the so called ‘tear drop’ island in the Indian Ocean, has a rich
freshwater endowment. In a geographic area of 65,000 km?, Sri Lanka is blessed with 103 small
and medium rivers, collecting about 52 billion cubic meters (bcm) of annual surface runoff. In
per capita terms, the annual runoff in 2001 was 2,799 m?, which willl decrease to about 2,232 m?
by 2050. Thus, Sri Lanka is well within the generally accepted national water scarcity threshold
of 1,700 m*/person suggested by Falkenmark et al. (1989). However, underneath the aggregate
statistics, there lies a stark spatial and temporal variation of water supply, which is generally
a common feature in countries with arid to semi-arid to humid tropics (Amarasinghe et al. 2005).
In fact, Sri Lanka’s freshwater availability varies significantly across river basins and seasons.

Monsoonal weather patterns have a major influence on the spatial and temporal variation
of water availability within the country. The wet-zone districts with only 23 % of the land area
account for 51 % of the annual surface runoff, and in the yala season (April-September), they
account for 81 % of the surface runoff (Amarasinghe et al. 1999). Only the north-east monsoon
from October to March (maha season), influences rainfall patterns in the dry-zone, leaving large
parts with severe water shortages in the yala-season. In fact, as many as 49 small river basins
are mainly seasonal, where the yala-season contributes to less than 15 % of the annual runoff.

In addition to low availability, water-use patterns in agriculture also aggravate water stress
in river basins. In 1991, a large part of the dry-zone in Sri Lanka was under severe seasonal
water stress (Amarasinghe et al. 1998). Many drivers including demographic patterns, economic
growth, and consumption patterns, which contribute to an increase in water demand, have
changed significantly since the early 1990s. So has the associated water stress.

This paper discusses spatial variation of water supply and increased demand situation
in Sri Lanka in recent years and assesses regional and seasonal water stress.

Water Supply
Renewable Water Resources

Generated from bi-monsoonal rainfall patterns, renewable fresh-water resources of Sri Lanka
vary significantly across river basins and seasons. Of the 103 river basins, 12 river basins
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with 46 % of the geographical area generate 72 % of the total renewable water resource
(TRWR)—(Figure 1). These river basins, which receive rainfall from both monsoons, are
perennial. Each generates more than one bcm of annual runoff.

Figure 1. Surface runoff of Sri Lanka’s river basins.

Annual Runofl

5 % dependable

Source: Amarasinghe et al. 1998

Draining into the sea from the west and south-west, the Kalu, Kelani, Gin, Bentota,
and Nilwala river basins have only 13 % of the land area, but account for 30 % of the
population and 38 % of TRWR. The agriculture in these river basins is mainly rain-fed, and
dominated by plantation crops such as rubber, coconut and tea. Draining into the sea from
the east, the Mahaweli, the longest river and the most important for irrigated agriculture in
the island, contains 17 % of the area, supports 17 % of the population and carries 19 % of
TRWR. The basin of the Gal Oya River which flows east, known for its irrigated paddy
production, has 3 % of the land area and 2 % of TRWR. The Jaffna Peninsular, which mainly
uses groundwater for agriculture requirements, accounts for 2 % land area, 3 % population
and 2 % TRWR.

Water availability across space varies significantly even within some water-rich basins,
most importunately in the Mahaweli River It starts from the central hills and cuts across many
agro-climatic regions on its way to the sea from the east. The Central Province, located in the
wet- to intermediate zones, intersects 43 % of the Mahaweli Basin, and generates 57 % of its
annual runoff. In contrast, the North-Central and Eastern provinces in the dry-zone have 27 %
and 13 % of the basin area, respectively, but generate only 19 % and 7 % of the runoff. Much
of the agriculture in the latter two provinces depends on irrigation from the water diverted
from the up-stream of Mahaweli.
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The majority of the remaining 91 basins, which mainly receive rainfall from the north-
east monsoon, are mainly seasonal. As many as 71 basins located in coastal regions generate
less than 0.25 bem runoff. Of these, 48 basins generate more than 85 % of the runoff in the
maha season (October-March). Furthermore, 16 of these basins get more than 75 % of its runoff
in the maha season. Regionally, 20 small basins mostly in the Northern Province have 8 % of
the total land area, but account for only 1 % of the TRWR; 26 basins mostly in the Eastern
Province have 8 % of the total land area and 5 % of TRWR; 17 basins, mostly in the Southern
Province, have 5 % of the land are and 5 % of TRWR.

In fact, the TRWR of 75 basins, including Mahaweli and Gal Oya, have significant
seasonal variation where rainfall in the maha season contributes to two-thirds of the runoff.
Intra-annual variation in water availability is the major constraint for productive agriculture in
these basins. Thus, storing water for irrigation in the yala season (April to September) is
essential in many river basins.

Dependable Runoff

Water storage is even more important due to inter-annual variation of TRWR. The 75 %
probability of dependable runoff is only 83 % of the average TRWR (Table 1). Mahaweli has
exactly 83 % of dependable runoff, mainly because of its origins in the wet-zone. But many of
the river basins that flow to the sea from the north-west to the south (in a clock-wise direction)
with their watershed in the dry-zone have much less dependable runoff. Water availability of
these basins, especially in the yala-season during dry years, is very low. Thus, in the presence
of increasing intra- and inter-annual variability of rainfall due to climate change, water storage
in these basins becomes very important.

Table 1. Runoff estimates of Sri Lankan river basins.

ID River Basin(s)' Annual runoff (km?) Per capita water resources (m?)
P75> P50> Average  Total Maha Yala  Maha-
% of
total
1 Kelani Ganga 5.3 5.6 5.7 2,085 882 1,203 42
2 Bolgoda Lake 0.9 1.0 1.0 670 292 378 44
3 Kalu Ganga 6.9 7.6 7.9 5,385 2,400 2,985 45
4 Bentota Ganga 1.6 1.7 1.8 4,272 1,921 2,352 45
5 Bentota - Nilwala 3.4 3.8 3.9 3,374 1,590 1,785 47
6 Nilwala Ganga 1.3 1.6 1.7 2,768 1,420 1,348 51
7 Nilwala-Walawe 0.9 1.1 1.1 2,421 1,304 1,117 54
8 Walawe Ganga 1.6 2.1 2.1 3,228 1,851 1,378 57
9 Walawe-Krindi Oya 0.3 0.3 0.3 3,970 2,387 1,583 60
10 Kirindi Oya 0.4 0.4 0.5 2,753 1,826 927 66
11 Krindi Oya- Manik Ganga 0.0 0.0 0.0 2,051 1,375 677 67
12 Manik Ganga 0.2 0.3 0.3 2,382 1,633 749 69
(Continued)
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Table 1. Runoff estimates of Sri Lankan river basins (Continued).

ID River Basin(s)' Annual runoff (km?) Per capita water resources (m?)
P75> P50% Average  Total Maha Yala  Maha-

% of
total
13 Manik Ganga-Kumbumkan Oya 0.1 0.1 0.1 3,910 2,987 922 76
14 Kumbukkan Oya 0.4 0.5 0.5 3,610 2,952 657 82
15 Kumbukkan Oya-Karanda Oya 0.5 0.6 0.7 15,016 13,026 1,990 87
16 Karanda oya-Gal Oya 0.4 0.5 0.6 5,775 5,198 577 90
17 Gal Oya 0.9 1.1 1.3 2,623 2,453 170 94
18 Gal Oya-Mundini Aru 0.5 0.7 0.8 1,670 1,596 74 96
19 Mundini aru+Miyangolla 0.7 0.9 1.0 8,342 7,970 372 96
20 Maduru Oya 0.5 0.7 0.8 4,701 4,231 470 90
21 Maduru Oya-Mahaweli Ganga 0.2 0.2 0.2 26,714 20,286 6,428 76
22 Mahaweli Ganga 8.1 9.1 9.7 2,836 1,905 931 67
23 Mahaweli - Yan Oya 0.3 0.5 0.5 3,186 2,863 323 90
24 Yan Oya 0.2 0.4 0.4 3,271 2,928 343 90
25 Mee + Ma Oya 0.2 0.3 0.3 5,254 4,683 571 89
26 Ma oya- Kanakarayan Aru 0.2 0.3 0.3 1,945 1,710 236 88
27 Kanakarayan Aru 0.1 0.2 0.2 3,248 2,816 432 87
28 Kanakarayan Aru-Parangi Aru 0.2 0.2 0.3 2,396 2,058 338 86
29 Parangi + Nay Aru 0.2 0.3 0.3 2,103 1,790 313 85
30 Aruvi Aru 0.4 0.6 0.8 2,167 1,837 330 85
31 Kal Aru-Modaragam Aru 0.1 0.2 0.3 2,686 2,233 453 83
32 Wilpattu+Kala Oya 0.3 0.5 0.7 1,624 1,334 291 82
33 Moongil oya+ Rathambala Oya 0.2 0.3 0.4 875 680 195 78
34 Deduru Oya 0.8 1.0 1.1 1,290 872 417 68
35 Karabalan Oya + Maha Oya 0.4 0.5 0.5 1,170 680 491 58
36 Maha Oya 1.3 1.5 1.5 1,576 827 749 52
37 Attanagalu Oya 1.2 1.3 1.3 1,046 473 573 45
38 Jaffa Peninsula 1.2 1.2 1.2 2,021 1,672 349 83
All basins 42 49 52 2,513 1,522 992 61

Source: Amarasinghe et al. 1998

Notes: ' Shaded rows include more than one river basin
2 P75 and P50 runoff estimates are based on 75 % and 50 % dependability rainfall

Water Storage

In spite of large intra- and inter-annual variation of rainfall, Sri Lanka’s storage capacity is
very low at present. By 1996, Sri Lanka had developed about 6 bcm of storage capacity. This
translates to a per capita storage of only 291 m® in 2005. However, this capacity is very low,
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compared to 5,961 m* in the U.S.A., 4,717 m® in Australia, and 2,500 m? in China. Like Sri Lanka,
many of these countries have large arid to semi-arid climate areas. Water security through
higher storage was a crucial base for early economic development in many developed countries
(Kumar and Shah 2008). Thus, low storage capacity resulting in economic water scarcity could
be a major constraint for economic development in many parts of the island in the future.

However, many of the potential sites for large surface storage in Sri Lanka are already
exploited. Moreover, social and environmental concerns for new, large storage structures are
also increasing. Thus, increasing natural groundwater recharge by exploiting the resource in
the non-rainy seasons, or through artificial groundwater structures in the rainy seasons could
increase the storage capacity much more. This could facilitate the rapid diffusion of groundwater
use in the dry-zone (Kikuchi et al. 2001), thereby generating spatially distributed benefits to a
large rural population in the dry-zone.

Water Demand

Irrigation is by far the highest water use sector in Sri Lanka, accounting for 92 % of the water
withdrawals in 1991 (Amarasinghe et al. 1998), and still is high at 90 % in 2000 according to
FAO estimates (FAO 2008). There are no exact estimates of water withdrawals for the domestic
and industrial (D&I) sectors or for the project efficiency of irrigation at present. Assuming 10
to 15 % of D&I water use and 35 % irrigation efficiency, total water withdrawals in Sri Lanka
in 2005 could range from 13.3 to 12.6 bem (Table 2). This is about a quarter of the TRWR at
present.

Table 2.  Total water withdrawals in Sri Lanka in 2005.

Water withdrawals in 2005 Project Irrigation Efficiency

(million cubic meters) 35 % 45 % 55 %
Irrigation withdrawals for paddy 10,634 8,271 6,767
Irrigation withdrawals (IW) 11,314 8,877 7,325
for all crops

Total water withdrawals (TW) 12,572- 13,331 10,134- 10,873 8,582- 9,322
(IW at 85 to 90 % of TW)

% of total withdrawals 24.1 - 25.5 19.5 - 20.9 16.5 - 17.9

Source: Authors’ estimation

Irrigation Withdrawals
Irrigated Area

We considered 12 crops or crop categories for estimating irrigation withdrawals (Table 3). In
2005, gross crop area (GCA) was 1,945,000 ha. The dry-zone districts account for two-thirds
of the GCA (Annex 1). Within this, the Eastern, North-Western and North-Central provinces
account for 46 % of the GCA.
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Table 3. Cropped area (1,000 ha) in 2005/06.

Crops or crop Irrigated crops Rain-fed crops Total

categories Maha  Yala  Total Maha Yala Total Maha  Yala  Total
Paddy 4235 2763 6999 1624 37.9  200.3 5859 3143 900.2
Maize 0.0 0.7 0.7 23.5 3.7 27.2 23.5 4.4 27.9
Other cereals 0.0 0.1 0.1 4.7 0.9 5.6 4.7 1.1 5.7
Pulses 0.0 0.8 0.8 18.2 6.4 24.7 18.2 7.2 25.5
Oil crops 1.4 2.8 4.1 10.3 7.9 18.2 11.6 10.7 22.3
Roots and tubers 0.0 4.3 4.3 21.1 16.9 37.9 21.1 21.2 42.2
Vegetable 3.8 5.5 9.3 43.4 28.7 72.1 47.2 34.2 81.4

Total seasonal crops 428.7 290.5 719.2 283.6 1024 386.0 712.2 393.1 1,105.2

Fruits 7.4 91.8 99.2
Sugar 17.4 - 17.4
Cotton - 0.0 0.0
Tea - 212.7 212.7
Rubber - 116.5 116.5
Coconut - 394.8 394.8
Total 428.7 290.5 7440 283.6 1024 1,201.8 712.2 393.1 1,945.8

Irrigation covered 38 % or 744,100 ha, of the GCA of Sri Lanka. The dry-zone districts
account for 91 % of the gross irrigated area (GIA). Two-thirds of the GIA are located in Eastern,
North-Western and North-Central provinces. Over 80 % of the GCA in Ampara, Manner and
Polonnaruwa districts are irrigated.

Among the irrigated crops, paddy is the dominant crop. In 2005, paddy accounted for
only 46 % of the GCA, but accounted for 94 % of the GIA. Of the total paddy area of 900,000
ha, 78 % was irrigated. Dry-zone districts account for 80 % of the gross rice area, and 91 %
of the irrigated rice area. Within the dry-zone, the Eastern, North-Western, North-Central and
Southern provinces account for 77 % of the irrigated rice area.

The irrigated area of other seasonal crops is very small at present. Only 44,000 ha of
non-paddy crops are estimated to be irrigated at present. This is only 14 % of the non-
plantation, non-paddy crop area. Much of the irrigation of these crops is in the yala season.

Plantation crops such as tea, rubber and coconut occupy a large part of the cropped
area. As much as 38 % of the GCA is under tea, rubber and coconut. These crops are considered
to grow under rain-fed conditions.

Net Irrigation Requirement

We estimate the monthly net irrigation requirement (NIR of different crops for two seasons.
NIR is the product of crop coefficients and the difference of potential evapotranspiration and
effective rainfall. For details we refer to Amarasinghe et al. 2005. Details of the seasonal paddy
area are available at the DS Division level (GOI 2008), and therefore, for paddy, we estimate
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NIR at the DS division level. Other crop areas are only available at the district level. Here, first
we estimate the average NIR (in mm) for the districts based on DS division data, and then
multiply from the district area to get the total NIR. The NIR estimates at district level are
given in Annex 2.

Irrigation Efficiency

A systematic assessment of irrigation efficiencies across regions is not available. Estimating
irrigation withdrawals in 2000, FAO-AQUASTAT assumed project irrigation efficiency to be at
about 35 %.

Irrigation withdrawal is the ratio of NIR and irrigation efficiency. We estimate irrigation
withdrawals under three irrigation efficiency scenarios (Table 4), where 35 % is perhaps closest
to the reality. Efficiencies of 45 % and 55 % show the extent of reduction in water withdrawals
possible with improved efficiency scenarios.

Table 4.  Irrigation withdrawals.

Provinces/ Irrigation withdrawals at project irrigation efficiency 35 %, 45 % and 55 %

Districts Total Rice — major irrigation Rice — minor irrigation

35% 45% 5% 35% 45 % 5% 35% 45% 55 %

Sri Lanka 11,314 8,877 7,325 8,076 6,281 5,139 2,558 1,990 1,628
Wet-zone 716 557 456 314 244 200 393 305 250
Dry-zone 10,598 8,320 6,869 7,762 6,037 4940 2,166 1,684 1,378
Provinces'
Western 0.6 0.6 0.6 0.2 0.2 0.2 2.1 2.1 2.1
Central 4.8 4.7 4.7 3.1 3.1 3.1 10.4 10.4 10.4
Southern 7.9 7.8 7.8 9.3 9.3 9.3 5.4 5.4 5.4
Northern 6.1 6.1 6.0 5.5 5.5 5.5 5.7 5.7 5.7
Eastern 24.4 24.2 24.0 32.4 32.4 32.4 5.5 5.5 5.5
North-western 13.3 13.2 13.0 6.9 6.9 6.9 33.5 33.5 33.5
North-central 31.5 31.2 31.0 36.3 36.3 36.3 21.9 21.9 21.9
Uva 9.1 9.9 10.6 5.1 5.1 5.1 9.7 9.7 9.7
Districts'
Colombo 0.2 0.2 0.2 0.2 0.2 0.2 0.4 0.4 0.4
Gampaha 0.3 0.3 0.3 0.0 0.0 0.0 1.2 1.2 1.2
Kalutara 1.6 1.6 1.6 1.2 1.2 1.2 3.2 3.2 3.2
Kandy 2.5 2.5 2.5 1.6 1.6 1.6 5.1 5.1 5.1
Matale 0.6 0.6 0.6 0.2 0.2 0.2 2.1 2.1 2.1
Nuwara Eliya 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
Galle 6.7 6.7 6.6 8.3 8.3 8.3 3.2 3.2 3.2
Hambantota 1.2 1.1 1.1 0.9 0.9 0.9 2.1 2.1 2.1
Matara 0.6 0.6 0.6 0.0 0.0 0.0 0.0 0.0 0.0
(Continued)
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Table 4.  Trrigation withdrawals (Continued).

Provinces/ Irrigation withdrawals at project irrigation efficiency 35 %, 45 % and 55 %

Districts Total Rice — major irrigation Rice — minor irrigation

35% 45% 55% 35% 45% S55% 35% 45% S55%

Sri Lanka 11,314 8,877 17,325 8,076 6,281 5,139 2,558 1,990 1,628
Wet-zone 716 557 456 314 244 200 393 305 250
Dry-zone 10,598 8,320 6,869 7,762 6,037 4,940 2,166 1,684 1,378
Districts'

Jaffna 1.8 1.8 1.8 2.4 2.4 2.4 0.2 0.2 0.2
Kilinochchi 1.2 1.2 1.2 1.4 1.4 1.4 0.7 0.7 0.7
Mannar 1.2 1.2 1.2 1.1 1.1 1.1 1.4 1.4 1.4
Mullaitivu 1.3 1.3 1.3 0.5 0.5 0.5 33 3.3 3.3
Vavuniya 15.5 15.3 15.2 21.0 21.0 21.0 1.9 1.9 1.9
Ampara 4.8 4.8 4.7 6.2 6.2 6.2 1.6 1.6 1.6
Batticaloa 4.1 4.1 4.1 5.2 5.2 5.2 2.0 2.0 2.0
Trincomalee 10.5 10.5 10.4 5.3 5.3 5.3 28.5 28.5 28.5
Kurunegala 2.7 2.7 2.7 1.7 1.7 1.7 5.0 5.0 5.0
Puttalam 16.1 16.0 15.9 15.5 15.5 15.5 19.5 19.5 19.5
Anuradhapura 15.4 15.2 15.1 20.7 20.7 20.7 2.3 2.3 2.3
Polonnaruwa 3.6 3.6 3.6 3.2 3.2 3.2 5.0 5.0 5.0
Badulla 5.4 6.2 7.0 1.8 1.8 1.8 4.7 4.7 4.7
Moneragala 0.3 0.3 0.3 0.0 0.0 0.0 1.5 1.5 1.5
Kegalle 1.9 1.9 1.9 1.3 1.3 1.3 4.3 4.3 4.3
Ratnapura 0.2 0.2 0.2 0.2 0.2 0.2 0.4 0.4 0.4

Source: Authors’ estimates

Notes: ! Area values at provincial and district levels are given as a percent of Sri Lankan total

Irrigation Withdrawals

The total irrigation withdrawal in 2005 was 11.3 becm, which is about 22 % of the TRWR. Given
the larger irrigated area and greater irrigation requirements, the dry-zone districts account for
94 % of the total irrigation withdrawals. The Eastern, North-Western, and North-Central
provinces and Hambantota in the Southern Province account for 76 % of total withdrawals.

Paddy in major irrigation schemes, of which many are located in the above four regions,
accounts for 71 % of total irrigation withdrawals. Paddy in minor irrigation schemes accounts
for another 23 %. Non-paddy crops account for 6 %.

Irrigation Withdrawals as % of TRWR

Figure 2 shows the river basin wise irrigation water withdrawals in comparison to their total
water resources. This indicates that many basins withdrew large parts of their water resources
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Figure 2. Trrigation withdrawals as a percentage of TRWR and of the 75 % dependable runoff.
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for irrigation. Most of the water-scarce basins are located in the dry-zone. Of the 38 river basins
or group of basins, 9 basins withdraw more than 60 % of the TRWR. This number increases
to 16 basins when irrigation withdrawals are compared with 75 % dependable runoff. The latter
is a realistic comparison in terms of long-term water resources management planning.

However, a large part of irrigation withdrawals recharges groundwater. But in Sri Lanka,
reuse of this water in terms of groundwater withdrawals is negligible at present. Unlike in other
South Asian countries, conjunctive water use in major irrigation command areas in Sri Lanka is
almost non-existent. Only a small part of minor-irrigation schemes located in the North-Western
Province has groundwater irrigation in the command areas (Kikuchi et al. 1998).

Thus, most of the water withdrawn for irrigation can be considered as primary water
withdrawals (Seckler et al. 1998). Hence, many river basins are already physically water- scarce,
where even irrigation water withdrawals are a significant part of the TRWR. A physical
scarcity will exacerbate the situation in many basins if domestic and industrial water withdrawals
(10-15 %) are also taken into account. This situation is very severe in water-scarce basins in the
dry-zone, and can be further aggravated if estimates of utilizable water resources exclude
environmental water needs.

At present, environmental water needs are not factored in the estimation of potentially
utilizable water resources (PUWR). But, if the hydrological variability and the status of current
development are considered, the environmental water demand of many river basins in Sri Lanka
could be about 15-30 % of the TRWR (Smakhtin and Anputhas 2008). If this amount is subtracted
from TRWR for estimating PUWR, many of the basins in the dry-zone could fall into physical
water-scarce category. In theory, there is hardly any water available in these basins for further
development. Thus, meeting future water demand for food production, in the presence of
increasing demand for domestic, industrial and environmental water needs, is indeed a challenge.
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Meeting Future Water Demand

What options are available for Sri Lanka in meeting future water demand? At the present rate
of growth, Sri Lanka’s population will peak in the early 2040s, with an addition of 15 % to the
population (UN 2006). If the present self-sufficiency levels of different crops are to be
maintained and the present level of crop productivity persists, the irrigation demand for meeting
food demand for this maximum population could increase by at most 15 %.

Increasing Irrigation Efficiency

Given the high level of water development for irrigation, increasing irrigation efficiency is one
of the feasible options available for meeting future water demand.

If irrigation efficiency is increased to 45 % from the currently assumed level of 35 %, the
irrigation demand shall decrease by 22 % (Table 4). The major irrigated areas will contribute to
78 % of the reduction in demand through this level of efficiency increase.

If irrigation efficiency is increased to 55 %, irrigation demand will decrease by 35 %.
Decrease in irrigation demand in such a scenario is more than 3.9 bem, which is equivalent to
about 32 % of the total water demand.

Such scenarios of efficiency growth show that if the currently developed water supply
is properly managed, only a part of these water savings is adequate for meeting future irrigation
demand.

Conclusion

The spatial and seasonal variability of water supply and demand are causes of regional water
scarcities in Sri Lanka. Dry-zone districts, comprising 75 % of land area, contribute to only 49
% and 29 % of the maha and yala season runoff. But, equivalent to half of the water consumed
for food production in the dry-zone is transferred as virtual water to the wet-zone. Thus, many
river basins in the dry-zone are already facing severe physical water scarcities.

However, the water use efficiency of the developed water resources is very low at present.
Due to the low level of reuse of groundwater return flows, significant scope exists for increasing
irrigation efficiency. An increase in irrigation efficiency by 10-20 % could reduce irrigation
demand by 22 % and 35 %, respectively. The water saved by increasing water use efficiency
could meet a large part of the additional water demand in the future.
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Annex 1. Cropped in area (1,000 ha) in 2005

Provinces and Gross  Gross irrigated Area (GIA) in 2005
Districts of cropped Total ~ GIA Rice RCA Irrigated RIA Major Minor
Sri Lanka area % of cropped % of area % of irrigation irrigation

in 2005 GCA area GCA GIA

(GCA)' (GIA) (RCA) (RIA) Maha Yala Maha Yala
Sri Lanka 1,946 744 38 900 46 699 94 281 217 129 49
Wet-zone 638 67 11 152 24 65 98 10 8 26 8
Dry-zone 1,308 677 52 748 57 634 94 271 209 113 41
Provinces
Western 9 1 4 23 1 100 1 3
Central 10 6 23 26 6 95 4 13 14
Southern 12 8 27 11 42 9 99 9 11 5
Northern 5 6 51 6 65 5 83 7 3 8
Eastern 13 23 70 24 86 25 100 31 36 5 6
North-western 18 13 28 14 36 13 93 7 7 29 40
North-central 15 30 77 24 76 31 97 36 34 25 15
Uva 9 9 39 6 32 7 71 6 6 11 11
Sabaragamuwa 10 3 13 20 3 96 2 2 7 14
Districts
Colombo 1 0 1 23 0 100 0 0 1 0
Gampaha 3 0 1 16 0 100 0 0 1 0
Kalutara 4 0 3 30 0 100 0 0 1 3
Kandy 3 2 24 2 31 2 97 1 2 4 5
Matale 3 3 38 3 42 3 91 2 2 6 6
Nuwara Eliya 4 1 10 1 10 1 100 0 0 4 3
Galle 4 0 0 2 28 0 100 0 0 0 0
Hambantota 5 7 50 6 52 7 99 8 9 3 4
Matara 3 2 18 3 41 2 100 1 1 2 4
Jaffna 1 1 27 1 45 0 0 0 0 0 0
Kilinochchi 1 2 45 2 76 2 94 2 2 0 0
Mannar 1 1 84 1 84 1 100 3 0 1 0
Mullaitivu 1 1 45 1 62 1 87 1 1 2 1
Vavuniya 1 1 64 1 58 1 88 1 0 5 1
Ampara 7 15 81 13 85 16 100 20 25 2 3
Batticaloa 4 48 7 86 99 6 7 2 2
Trincomalee 2 4 72 4 86 4 100 4 2 2
Kurunegala 14 11 28 12 39 11 95 5 25 33
Puttalam 4 3 27 2 23 2 83 2 1 4 7
Anuradhapura 9 16 69 13 68 16 96 18 13 24 11
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Polonnaruwa 6 13 88 11 89 14 100 18 22 1 3
Badulla 5 4 35 4 36 4 93 4 4 7 6
Moneragala 4 5 43 3 28 3 50 2 2 5 5
Kegalle 4 0 5 2 18 1 100 0 0 2 3
Ratnapura 6 3 18 3 22 3 96 2 2 5 11

Source: GOSL 2006

Notes: ' Gross cropped area includes seasonal crops (rice, maize, other coarse cereals, pulses, oil crops, roots and tubers and
vegetables), perennial crops (fruits, cotton, tea, rubber, and coconut)
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Annex 2. Net irrigation requirements of different crops

Provinces/ Net irrigation requirement (NIR) in million cubic meters
Districts All crops Rice irrigation requirements
Total Seasonal Total RNIR- Major irrigation Minor irrigation
crops - % of Maha Yala Total Total Maha Yala Total Total
% of TNIR % of % of
TNIR TNIR RNIR RNIR RNIR
Sri Lanka 2,560 93 2,322 91 481 1,334 1,814 78 267 240 508 22
Wet-zone 118 98 115 97 19 39 57 50 25 32 58 50
Dry-zone 2,442 93 2,207 90 462 1,295 1,757 80 242 208 450 20
Provinces
Western 11 100 11 100 2 1 329 7 1 8 71
Central 105 97 9 91 12 38 50 52 18 28 46 48
Southern 192 99 189 99 66 97 163 86 14 13 27 14
Northern 169 89 132 77 54 48 102 78 24 6 30 22
Eastern 620 100 617 100 77 511 588 95 8 21 29 5
North-western 341 95 312 91 52 75 127 41 98 88 185 59
North-central ~ 819 99 792 96 187 490 676 85 68 47 116 15
Uva 263 53 134 51 26 62 88 65 23 24 47 35
Sabaragamuwa 41 95 39 95 7 12 18 47 8 13 21 53
Districts
Colombo 100 2 100 0 0 0 10 2 90
Gampaha 4 100 4 100 2 1 63 1 0 37
Kalutara 100 5 100 0 0 0 5 4 1 4 95
Kandy 34 100 33 96 3 17 20 60 4 9 13 40
Matale 61 95 54 87 8 20 28 52 12 14 26 48
Nuwara Eliya 9 100 9 100 1 2 2 23 2 5 77
Galle 0 100 0 100 0 0 0 0 0 0 0 100
Hambantota 169 99 166 99 60 89 149 90 9 8 17 10
Matara 23 100 23 100 6 8 14 ol 4 5 39
Jaffna 26 48 0 0 0 0 0 0 0 0 0
Kilinochchi 51 97 48 94 13 34 47 98 1 0 1 2
Mannar 28 100 28 99 24 0 24 87 4 0 4 13
Mullaitivu 32 95 30 93 10 12 22 74 5 3 8 26
Vavuniya 32 96 25 79 7 2 9 34 14 3 17 66
Ampara 389 100 387 100 41 336 377 97 2 8 10 3
Batticaloa 122 99 121 99 12 101 113 93 2 7 8 7
Trincomalee 109 100 109 100 24 74 98 90 5 6 11 10
Kurunegala 267 98 253 95 38 58 96 38 84 73 157 62
Puttalam 75 85 59 78 14 16 31 52 13 15 28 48
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Anuradhapura 413
Polonnaruwa 408
Badulla 84
Moneragala 180
Kegalle 6
Ratnapura 35

99
100
96
33
100
94

386
406
76
58

33

93
100
91
33
100
93

114
73
12
13

0

170
320
42
20

12

284
392
55
33

18

74
96
72
57

56

66

36
12
13
11

102
14
21
25

14

26

28
43
100
44

Source: Authors’ estimates
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Abstract

Agriculture development has been the main strategy for the socioeconomic development in
the country since time immemorial, even though its contribution to GDP has been declining
recently. Successive governments of Sri Lanka since independence have invested heavily in
the irrigated agriculture sector to address the food security concerns of the country. The
continuous investment in irrigation was required to address problems such as spatial and
temporal variations in monsoonal rainfall in the country, which has a serious negative impact
on food production and livelihoods of people. The need for pursuing irrigation development
and management has become more important in the country in the face of rapid population
growth and increasing food prices in the world market.

In this context, managing irrigation schemes for productivity increase is becoming
increasingly important and different irrigation management models have also emerged through
attempts made in this direction by countries including Sri Lanka, where irrigation plays a leading
role in food production and nation development. Farmers’ active involvement in irrigation
management, especially operation and maintenance (O&M) and decision-making as well, has
been identified as a key requirement to attain productivity goals and the sustainability of
irrigation systems.

This paper aims at reviewing participatory irrigation management approaches adopted
in medium and major irrigation systems in Sri Lanka with a view to identifying their past and
present trends and future directions. The review will contribute to an improved understanding
by policymakers, managers of irrigation schemes and farmers of the role of participatory
irrigation management, its past and present including institutional structures, responsibilities
and performance and the directions it should take to meet future challenges as a dynamic
institutional mechanism. As all the medium and major irrigation schemes in the country are
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jointly managed by farmers and government agencies, the inferences drawn from the review
would be important for the agencies and farmers alike to introduce necessary changes in their
programs to address future needs and requirements.

Introduction

Objectives and Organization of the Paper

The objective of this paper is to analyze the adoption of the Participatory Irrigation Management
(PIM) approach in the country, and suggest some strategic directions for this institutional
mechanism for the further improvement of its effectiveness to face the ongoing and future
challenges in irrigation management.

In achieving the main objective of the paper, three aspects of PIM will be addressed. As
a first step of the analyses, the evolution of PIM is briefly reviewed. The current progress of
the PIM approaches in managing irrigation schemes is summarized in step two. Step three
involves the analysis of likelihood challenges for the PIM approach to be further progressed
and sustained in the long run.

In this context the paper is organized into five sections: In the second section (followed
by the introductory section) titled “The Methodolgy’ describes the evolution of PIM in Sri
Lanka. The third section titled ‘Performance of PIM in Sample Irrigation Schemes Studied’
provides key information on the progress/outcomes of the PIM approach in managing irrigation
schemes. The challenges being faced and also to be faced in the future are discussed in section
4 titled ‘Assessment of Irrigation Management under PIM’. The final section, section 5 titled
‘Conclusions and Recommendations’ suggests some strategic directions to make PIM
approaches sustainable and more progressive.

The Methodology

Sample Irrigation Schemes and Sample FOs

The analysis of this paper is mainly based on information obtained from IWMI/HARTI
conducted research. The International Water Management Institute (IWMI) and the Hector
Kobbakaduwe Agrarian Research and Training Institute (HARTTI) carried out a 3-year monitoring
and evaluation study during 1992 to 1994 covering a significant number of irrigation schemes
that are managed with PIM approaches. The irrigation schemes managed by the Irrigation
Department (ID) (medium and large irrigation schemes) and the Mahaweli Authority managed
schemes were selected for the study. The PIM approach in large irrigation schemes is known
as the Integrated Management of Major Irrigation Settlement Schemes (INMAS) program and
the medium schemes are managed by a program called Management of Irrigation Systems
(MANIS). This study adopted several methods for data collection from several irrigation
schemes in these three programs, while six irrigation schemes from the three programs were
selected for documenting the process of irrigation management during the entire study period.
Process documentation in each scheme was carried out by a full time stationed research
assistant in the specific irrigation scheme. Research officers of IWMI and HARTI carried out
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recurrent surveys in 18 schemes covering 30 farmer organizations (FOs). Finally, a large-scale
questionnaire survey was carried out in 49 irrigation schemes from the three programs covering
172 FOs.

Evaluation Criteria used for the Analysis

The key components of PIM were assessed based on certain criteria and indicators. These
indicators were used to assess the progress, outcomes and impacts of irrigation schemes that
are managed through PIM. Since there are no common or universally accepted criteria and
indicators to measure the performance of PIM, these indicators would provide objectively
verifiable values for the readers interested to know the progress of the PIM approach used for
managing irrigation schemes. Three different indicator values were developed to measure the
conceptual base, performance and outcome of different components of PIM. Different aspects
are used to develop conceptual base, performance and outcome indicators under six different
criteria as summarized in Table 1. The detail scoring system used for measuring the values of
each indicator is shown in Annex 1.

Table 1.  Criteria and different aspects used for developing indicators.
FO FO water FO FO non- Joint- Turnover
organizational  distribution maintenance O&M activity management  performance
strengths performance  performance performance performance
Structure Schedule FC cleaning /  Input coordination  Seasonal Turnover of
preparation de-silting and ~ and supply planning operations
within Field  structure (FCs, DCs,
Canal (FCs)  repairs Branch Canals
and (BCs) and
Distributory Main Canals
Canals (DCs) (MCs)
Membership Operations DC cleaning / Crop storage and Maintenance  Turnover of
within FCs de-silting and  trading planning maintenance
and DCs structure (FCs, DCs, BCs
repairs and MCs)
Leadership Problem Preventive Credit providing Monitoring -
resolution measures of system
performance
Funding - - Other income Problem -
generation activities solving
Financial - - Sponsoring -
Management community rituals
and activities
Use of Funds - - Provide community -
facilities
Internal - - Sponsoring activities -
Communication for special groups

(women, youth etc.)
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Relevance of the Criteria and Indicators Developed for Assessing PIM

The main purpose of the criteria and indicators developed was to apply them in assessing the
degree of achievement in the objectives of PIM. The government expected the achievement of
two primary objectives from PIM policy when it was formally passed in 1988 in a cabinet paper.
These primary objectives were to improve the productivity of irrigation systems and the
reduction of government costs of the routine O&M of irrigation system management. The
government expected to achieve these two objectives by enhancing farmer involvement/
contribution in irrigation system management and also implementing strategies for both farmers
and irrigation managers to work together in the planning and implementation of irrigation
management functions in the systems.

The indicators under each criterion have a logical sequence to measure the effectiveness
of different components of the PIM model in achieving enhanced performance of irrigation
system management. The usefulness of the six criteria applied for the assessment is depicted
in Figure 1.

Figure 1. Criteria and indicators used to assess the combined impact of PIM.

Criteria Conditions

Strong and sustainable organizations to perform
< 9 9 P

FO Organizational Structure better in O&M

FOs are capable of delivering in a timely and
FO Water Distribution Performance | <i——— reliable manner an adequate quantity of water to
all the farms

FO Maintenance Performance <+—— FCsand DCs are better maintained by FOs for
effective water delivery

08&M Activity Performance P ——— FO members are prQV|ded wqh non-O&M
support such as marketing, credit, etc., by FOs
FOs and agencies work jointly to make
Joint Management Performance <Z—— collaborative decisions to implement irrigation
systems effectively
Farmers are capable and willing to takeover the

Turnover Performance <<— O&M of tertiary systems and agencies are
willing to hand over the same to FOs
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Historical Development Process of Participatory Irrigation Management

Participatory irrigation management (PIM) that was formally accepted as a policy in 1988 has
a long history. The small irrigation systems (small tanks and anicut systems) were originally
constructed by communities as a reliable source of water for their agricultural land as they are
completely dependant on rainfall. Therefore, small irrigation systems can be regarded as farmer-
managed systems historically. Even the major irrigation systems constructed by ancient kings
had some farmer involved management systems. This is because water distribution in canals
cannot be done without the participation of farmers.

The Government of Sri Lanka after independence attempted to intervene in irrigated
agriculture system to enhance its productivity. The series of government interventions later
became the participatory irrigation management policy accepted by the government by a cabinet
paper in 1988. All the major historical events had a basis for their government-sponsored
implementation, whether such a basis was due to political or economical reasons. The major
events leading to changing irrigation management are summarized below.

The Historical Events from 1958 to Date

The Paddy Land Act, No. 1 of 1958 established cultivation committees replacing the traditional
‘Velvidane System’. This committee consisted of elected farmer representatives and was
responsible for the resolution of land disputes, coordination of rice cultivation activities and
distribution of water. Irrigation committees were established in irrigation schemes. The
‘Velvidane’ (normally a land owner) was elected in each village tank system by cultivators.
The village headman arranged a meeting with cultivators to elect the Velvidane. He was mainly
responsible for water distribution, maintenance and conflict resolution. The role of the Velvidane
existed from ancient times and was abolished in 1958. However, after 1958 up to recent times
farmers unofficially accepted this position for water management in small irrigation systems.

The Agricultural Productivity Act of 1972 abolished cultivation committees and
established agricultural productivity committees.

The Agrarian Services Act of 1979 established agrarian services committees with the
Cultivation Officer to be responsible in cultivation matters at the village level. These committees
comprised farmer representatives and government officials. Velvidanes at the local level
assisted Cultivation Officers to perform water management tasks in small irrigation systems.

The Gal Oya Left Bank Rehabilitation Project was implemented during 1979-1982 to
rehabilitate the physical system, but it recognized the need for farmer participation. The Cornell
University and Agrarian Research and Training Institute (ARTI) developed a model for a
federation of farmers’ organizations at district hydrological areas. Institutional Organizers (IOs)
were employed to help farmers to form FC groups, DC organizations and project management
committees.

Mr. N. G. R. De Silva, the Deputy Director of Irrigation in charge of the region of Kandy
rehabilitated the irrigation system in Minipe, and also set up water management committees to
increase farmer participation in decision-making. Farmer representatives were selected for these
committees. Also a non-governmental organization, National Heritage Program (NHP) and
influential local persons were used to educate farmers about the importance of farmer
participation.
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Mr. A. M. S. S. Gunadasa, Technical Assistant of the Kimbulawana Oya Scheme,
employed farmers to engage in rehabilitation activities. He also prepared a rotation system
to save water and implemented it with farmer participation. A Water Issue Board was set up
to prepare water allocation schedules and farmer representatives were active members in
this committee.

During 1983 to 1986, several rehabilitation projects were implemented in the country,
which encouraged farmer participation in rehabilitation work and then in post rehabilitation
O&M work. Two significant rehabilitation projects included the Major Irrigation Rehabilitation
Project (1983) and the Irrigation System Management Project (1986). The Mahaweli Agriculture
and Rural Development Project (MARD) was also commenced in System B of the Mahaweli
Project and catalysts designated as Irrigation Community Organizers (ICOs) were employed to
develop farmer organizations.

In April 1984 the Irrigation Management Division (IMD) was established for the
implementation of the Integrated Management of Major Agricultural System (INMAS) in 25
major irrigation systems. A batch of Project Managers was trained and stationed in each system
to form farmer organizations and project management committees. In 1987, management of
Irrigation System (MAINS) similar to INMAS in terms of objectives was implemented by the
ID to establish farmer organizations and project management committees in about 175 medium
systems. Technical Assistants were appointed as Project Managers.

The Government of Sri Lanka formally approved and accepted the policy for participatory
irrigation management by a Cabinet Paper in 1988. The turnover of O&M responsibilities and
transfer of ownership of irrigation canals and structures to farmer organization were accepted
as major objectives.

In 1990, the Irrigation Management Policy Support Activity IMPSA) was initiated by
the Ministry of Land and Land Development in association with the Ministry of Agriculture
and International Irrigation Management Institute (IIMI as IWMI was known as at that time)
to prepare strategies and guidelines for the implementation of the PIM policy approved by the
government. In 1991 the Agrarian Services Act was amended to grant legal recognition to farmer
organizations. In 1992 under the National Irrigation Rehabilitation Project, the management of
irrigation systems was handed over to farmer organizations after physical rehabilitation. Farmers
were also involved in planning and implementing O&M activities in addition to their labor
contributions. The Irrigation Ordinance was amended in 1994 to grant more power and
responsibilities to registered farmer organizations including the management of distributory
canal areas in major schemes and collection of O&M fees.

Performance of PIM in Sample Irrigation Schemes Studied

Pre and Post Irrigation Management under Participatory Approach

PIM has brought significant changes to irrigation management and some changes have been
institutionalized with the effect that the need for farmers to participate in irrigation management
has become a ‘must’ in irrigation management. Most of the essential functions in irrigation
management are managed differently in the participatory system. The changes occurred as a
result of PIM are in Table 2.
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Table 2.

Comparison of pre-participatory management and participatory management systems.

Management Function

Pre-participatory Management

Participatory Management

1. Seasonal planning

Done by agencies and ratified
at ‘Kanna’ meetings

Done by Project Management
Committees

2. Operations planning

Done by agencies, basic plans
ratified by ‘Kanna’ meetings

Done by agencies, basic plans
ratified by PMCs

3. Head works, main canal,
branch canal operation

Carried out by irrigation
agencies

Carried out by irrigation agencies.
Operation schedules are shared with
joint-management committees

4. Distributory canal
operation

Carried out by irrigation
agencies

Carried out by FOs after turnover

5. Field canal operations

Carried out by irrigation
agencies

Carried out by FOs

6. Head works, main canal,
branch canal maintenance

Planned and carried out by
irrigation agencies

Carried out by irrigation agencies in
priority order determined by PMCs

7. Distributory canal
maintenance

Planned and carried out by
irrigation agencies

Planned and carried out by FOs after
turnover

8. Field canal maintenance

Done by individual farmers
under the direction of the
irrigation agencies

Done by FOs

Government Initiated Programs for Achieving Participatory Management

Three different management systems have been introduced to manage irrigation schemes under
the participatory approach, these include:

The integrated management of major agricultural systems (INMAS), which was
introduced in 1984 to manage major irrigation systems (irrigation schemes that have
a command area greater than 400 ha) under the Irrigation Department. The Irrigation
Management Division (IMD) created by the Ministry of Irrigation is responsible for
the INMAS system in implementing about 35 irrigation schemes in the country.

MANIS (Management of Irrigation System) introduced in 1986 by the Irrigation
Department to manage the medium (schemes that have less than 400 ha of command)
irrigation schemes of the country.

The Mahaweli Participatory Management Program was established in different years
in different schemes (for example, 1980 in system ‘H’, 1985 in Udawalawa, 1987 in
system ‘B’). There are four large irrigation schemes under the Mahaweli System
(121,000 ha in total under four systems).

The objectives of PIM tested in all these three systems are more or less similar. The

short- term and long-term objectives of the PIM are summarized in Table 3.
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Table 3.

Objectives of participatory irrigation management.

Short-term

Long-term

Increase agricultural production per unit of
irrigation water

Integrated development of the farms to
commercial holdings

Increase agricultural production per unit of land

Crop diversification and rotation

Distribute irrigation water to farmers adequately
and equitably

Social and economic development of the farming
community

Arrange for the timely supply of agricultural
inputs and sale of products

Improved marketing of agricultural produce and
by-products

Organize and develop farmer organizations to
facilitate farmer participation in management

Local processing of agricultural produce to
semi-finished or finished products

Recover O&M costs from farmers in major
irrigation schemes

Handing over to farmer organizations some
management and operational functions of the system

Maintain irrigation systems at an optimum level
of performance

Identify major systems needing urgent rehabilitation

Assessment of Irrigation Management under PIM

The performance of the major components of PIM is used as the basis for assessment. These
components include farmer organizations, joint management committee systems and turnover
of irrigation management to farmer organizations. It was assumed that greater performance of
these components would be needed to contribute to the overall performance of the irrigation
schemes and achieving the objective of the PIM system.

Performance of the Farmer Organizations

In almost all the sample irrigation schemes studied by IWMI and HARTI it was found that
the farmers have been mobilized into Farmer Organizations. The structure prescribed by PIM
(FC groups, DC groups, System-level FOs) has not been followed exactly in some of the
irrigation schemes of MANIS. This was mainly due to the lack of inputs needed for MANIS
schemes to help farmers organize in to FOs. The INMAS and Mahaweli irrigation schemes
have separate organization units to deal with farmer organization whereas MANIS schemes
are managed by technical assistants of the ID without other additional assistance. Even in
the Mahaweli scheme, system-level farmer organizations have not been established, perhaps
because such higher level organization don’t require farmer organization given that the
system level needs of farmers are handled by the system level joint committees. This may
be the reason for INMAS irrigation schemes also neglected to organize farmers into system
level organizations (system-level farmer organization (SLFO) were formed in 58 % of the
schemes in INMAS and 20 % of the MANIS schemes).
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Farmer Organization (FOs) Strength

A FO as an organization was established to support implementing irrigation management
activities, and is assessed under farmer organization strength. Most of the FOs have been
established under constitutions provided by the irrigation management agencies. The strength
of FOs is measured through:

e Membership of farmers in FOs

e Leadership

e Income for FOs

e  Financial management

e Internal communication

The participation of individual farmers as members and their active involvement of the
farmer organization are essential factors for FOs to survive and function as effective
organizations. Table 4 indicates the total number of farmers of the command area under each
irrigation scheme of the three systems assessed in the study, the percentage of members, and
the active members in the organizations. These data show the essential elements of these
organizations if they are to be sustained as community-based organizations.

Table 4. Overall membership percentages.

Program Farmers Members Percentage Active Active members as
members members
% % of % of
farmers members

INMAS 10,483 7,709 74 4,399 42 57
MANIS AB 3,101 1,648 53 823 27 50
MANIS C 2,784 1,471 53 764 27 52
Mahaweli 7,230 5,118 71 3,146 44 61
Overall 23,598 15,946 68 9,132 39 57

Source: IIMI and ARTI (1995)

FO Leadership

Finding leaders committed and also acceptable to most of the farmer members is a difficult
task according to the qualitative information collected in the study. Therefore, the farmer
members tend to be satisfied with the available leaders who are prepared to work on a voluntary
basis. Although most of the farmers have certain personal opinions in the survey they have
expressed that they are satisfied with the voluntary leaders of FOs. For example, 82 % farmers
interviewed in INMAS schemes, 75 % in MANIS, and 80 % in the Mahaweli scheme stated
that they are satisfied with their leaders.
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FO Financial Management

Most of the FOs except a few organizations in the Mahaweli scheme had small FO funds. It
was discovered that in all the schemes, there was always a considerable percentage of FOs
that had no funds in their bank accounts. For example 80 % of the FOs in the INMAS, 90 %
in MANIS and 95 % in the Mahaweli scheme were reported as organizations having some
funds in their bank accounts. The average funds available in the FOs of irrigation schemes in
the three programs ranged from Rs. 5,000 to Rs. 40,000.

Nearly 80 % or more of the FOs collected membership fees. But only less than 50 %
of the FOs earned money from the construction contracts that were undertaken. Majority
of general farmers expressed in the survey that they are satisfied with the method applied
for managing funds. This high-level of satisfaction is due to two reasons: the money that
each individual farmer contributes for the FO fund is small, and they appreciate the
volunteer work done by their fellow farmers. More than 80 % of the individual farmers
mentioned that their organizations keep books and follow other rules of financial
management.

Internal Communication

In the INMAS and Mahaweli systems more than 75 % of the farmer organizations held monthly
meetings with their committee members, while 47 % did so in the MANIS system. Most of the
farmer leaders reported that they have a lower number of general farmer meetings. The general
farmer meetings are held when there is a conflict between farmers. Only about 10 % to 32 %
of farmer leaders mentioned that they hold general meetings. In the MANIS system, only about
15 % or less hold their general meetings.

FO Performance in Water Distribution

Farmer organizations play a critical role in water distribution at the DC level of all the irrigation
schemes. The results of the study indicate that farmer involvement is much more relevant and
essential in irrigation schemes where water is a scarce resource. The water distribution problems
are due to five different reasons according to the study. These reasons and their magnitude in
sample schemes studied are shown in Table 5.

Farmer organizations as an institution established by irrigation managers with the
willingness of the farmers have become an essential element for water distribution. Nearly
74 % of irrigation officers who were interviewed in sample irrigation schemes categorically
mentioned that farmer organizations are essential to manage water in irrigation schemes.
However, there are some problems with the water distribution performance of the farmer
organizations. This is due to the varying levels of performance of the FOs. The level of
satisfaction of individual farmers with the performance of FOs in water distribution was
measured by asking whether farmers are satisfied on the FO performance, and
Table 6 includes the percentage of farmers who replied “yes” to several indicators of water
delivery.
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Table 5. Major causes of water distribution problems.

Program Causes (See list below for Key)*

A B C D E Other
INMAS 8 % 50 % 8 % 75 % 17 % 17 %
MANIS AB 45 % 82 % 27 % 91 % 36 % 27 %
MANIS C 29 % 71 % 14 % 43 % 21 % 50 %
Mahaweli 25 % 25 % 25 % 25 % 75 % 50 %

Source: IIMI and ARTI (1995)

Note:  *Multiple answers mean that the numbers add up to more than 100 %. Numbers of sample schemes are: INMAS-12,
MANIS AB-11, MANIS C-14, and Mahaweli-4

Key:

A- Inadequate water supply

B- Physical deficiencies in the system

C- Poor agency water distribution performance

D-Inadequate O&M funds

E- Poor farmer — officer cooperation

Table 6.  Farmer organization water distribution performance - percentage of farmers answering “yes.”

Location Stage of Indicator INMAS Mahaweli MANIS MANIS

within Season AB C
FO Area

Head Crop Growth Adequacy 85 92 78 36
Timeliness 84 92 78 36
Reliability 84 90 78 36
Land Preparation Adequacy 77 89 74 36
Timeliness 74 89 74 36
Reliability 75 92 74 36
Tail Crop Growth Adequacy 70 54 65 24
Timeliness 61 65 65 24
Reliability 62 70 65 24
Land Preparation Adequacy 64 51 57 28
Timeliness 56 60 57 28
Reliability 56 68 57 28

Source: IIMI and ARTI (1995)

FO Irrigation Infrastructure Maintenance Performance

The FO performance of irrigation infrastructure maintenance in general is poor according to
the information generated by the study. Maintenance is difficult to organize with the
voluntary participation of the farmers. If the canal becomes really constrained to take water
to the agriculture fields, farmers are tempted to attend to the maintenance. Where such a
critical stage has not been reached, it needs repeated attempts to mobilize farmers at least to
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clean the distributory canals (DCs). In INMAS schemes, only 33 % of the irrigation officials
and, in MANIS, 20 % of the officials were satisfied with the FO performance in the
maintenance of the canals that the FOs were supposed to oversee. Mahaweli officers
indicated that they were satisfied with farmer participation in DC maintenance, but this may
have been mainly due to Mahaweli Authority involvement in such maintenance. The officers’
views on the impact of participatory management on tertiary canal maintenance are shown
in Table 7.

Table 7. Impact of participatory management on system maintenance (officers’ views).

Impacts INMAS MANIS AB MANIS C Mahaweli
Improved maintenance 42 % 75 % 50 % 25 %
Worsened maintenance 17 % 8 % - -
No change 33 % 17 % 29 % 25 %
No response 8 % - 21 % 50 %

Source; IIMI and ARTI (1995)

Note: Irrigation department officers are of the opinion that 54-60 % of INMAS and MANIS irrigation schemes need additional
funds for maintenance. In the other schemes, 4046 % needs rehabilitation to improve the physical performance

Lack of farmer participation is a common phenomenon observed in DC maintenance. It
is difficult to get 100 % farmer involvement in any event organized by the farmer organizations
for DC maintenance activities. This is evident in the data collected from farmer leaders on the
involvement of farmers in DC maintenance as shown in Table 8.

Table 8. Percentage of active participation of farmers in DC maintenance.

Participation percentage Percentage of DCOs
INMAS Mahaweli MANIS AB MANIS C
0-25 30 % 22 % 34 % 24 %
26 — 50 24 % 39 % 26 % 24 %
51-175 15 % 24 % 9 % 24 %
Over 75 31 % 14 % 30 % 28 %

Source: IIMI and ARTI (1995)

It was observed that jungle cleaning and de-silting of distributory canals are performed
by FOs with the participation of the individual farmers, but minor repairs of the DCs are done
by the FOs with the annual operation and maintenance funds provided by the government to
each FO. There are some performance differences in de-silting and jungle cleaning, but it is at
a satisfactory level according to the survey.
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FO Performance in Non-O&M Activities

It was observed that FO performance in business activities to earn funds for FOs is at a poor
level. Most of the FOs are involved in agriculture input sales to their members and also
undertake operation and maintenance contracts from the government. Table 9 includes the
results of the survey on the performance of FOs in undertaking non-O&M fund earning
activities. Table 10 includes the information on percentages of FOs undertaking different
contracts from the irrigation management agencies on DC maintenance and rehabilitation.

Table 9.  Farmer organizations involvement in business activities.

Program Total FOs responded Yes No

# % # %
INMAS 60 27 45 33 55
MANIS AB 21 1 5 20 95
MANIS C 19 16 16 84
Mahaweli 63 14 22 49 78

Source: IIMI and ARTI (1995)

Table 10. Farmer organizations taking contracts from irrigation agencies.

Program # of Sample FOs taking FO taking FOs taking
FOs maintenance  rehabilitation both
contracts (%)  contracts (%)  contracts (%)
INMAS 61 56 2 10
MANIS AB 24 29 8 8
MANIS C 24 42 0 8
Mahaweli 63 60 5 10

Source: IIMI and ARTI (1995)

Providing credit to farmers has been observed as an insignificant assistance provided
by the FOs to the individual farmer members. Some FOs provide direct credit to their members
and others act as guarantors for the farmers to obtain credit from banks and other organizations.
The data in Table 11 indicate its insignificant nature in the sample farmer organizations.

Table 11. Farmer organizations providing credit assistance to farmers.

Arrangement INMAS Mahaweli MANIS AB MANIS C

(N =61) (N = 63) (N =24) (N =24)

Through FO 7 (11 %) 7 (11 %) 14 %) 2 (8 %)
Guarantor of Bank loan 305 %) 8 (12 %) 5 (20 %) 0
Guarantor of other loan 4 (7 %) 1 (1 %) 1 (4 %) 1 (4 %)

Source: IIMI and ARTI (1995)
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Performance of Joint Management Committees

In all the irrigation schemes under the three programs, joint management committees or at least
some arrangements for joint meetings have been established to provide a forum for different
stakeholders and also to farmer leaders to meet together to discuss significant activities of
cultivation programs in the particular irrigation scheme. These committees, especially project
management committees, play a critically important role in the planning of cultivation seasons
(seasonal planning) and also in the monitoring and evaluation of the cultivation program and
also some other functions of irrigation management. Each irrigation scheme of the INMAS
system has a ‘Project Management Committee’ comprising key stakeholder agencies and
representatives of farmer organizations. This committee is organized by the project manager in
IMD. The same structure can be observed in MANIS schemes although IMD is not involved
in the management functions of the MANIS system, and technical assistants of the Irrigation
Department act as the project managers in this system. Mahaweli has a three-tier Joint
Management Committee (JMC) system. The JMCs have been established based on the
Mahaweli management structure. The lowest level of the Mahaweli management structure is
the unit and, therefore, unit management committees have been organized at the unit level.
The second tier is block management committees established at administrative blocks of the
Mahaweli management structure. A project management committee is the highest JMC that is
based at the Resident Project Manger Level (Scheme Level).

The consultative seasonal planning procedure established by the joint management
committees has led to two benefits to the farmers and also agency officers. The farmers benefited
by voicing their concerns about the seasonal plans. The agencies benefited by learning from
farmer experience for improved seasonal planning. The monthly meetings of JMCs have helped
to give effect to the basic principals of participatory management such as frequent dialogue
between stakeholders, learning from each other and seeking solutions jointly and effectively.

The JMC is not a management unit responsible for the performance of the system. JIMCs
can design plans and discuss various problems existing in irrigation systems, but the success
in implementing these plans is heavily dependent on the performance of functional agencies
and their officials. For example, the PMCs in INMAS can design various plans, but unless the
Department of Agriculture, the Irrigation Department, the Land Commissioners Department and
the Irrigation Management Division play their relevant roles, these plans cannot be realized.
On the other hand, farmer organizations also play a key role in implementing the decisions of
JMCs. Some FOs become ineffective due to their inability to implement decisions in the field
through the farmers. It can, therefore, be stated that the success of the JMCs in implementing
plans is heavily dependent also on the strength of the FOs.

Turnover

Under the participatory management policy of the government, it is intended to turnover some
of the system management responsibilities at and below the DC level to farmers. Before this
became government policy, some attempts had been made to implement this policy informally
in certain schemes such as Kimbulwanaoya and Minipe, through the efforts of a few enthusiastic
irrigation officials. Turnover was later initiated in other schemes under the three programs that
we studied, namely INMAS, MANIS and Mahaweli. The cabinet paper adopting this policy
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specially stated that those farmers who accept responsibility for the turnover under O&M for
DCs will be exempted from paying of irrigation fees. The amended Irrigation Ordinance
authorizes FOs to takeover the O&M of their areas and in return they are exempted from paying
irrigation fees.

Turnover has occurred in the three study programs at various levels and in different
forms. In the sample irrigation schemes that were studied, several categories of turnover have
taken place under operation and maintenance. Operation of FC and DC gates and other main
system level canals have taken place under operations and DC jungle clearing, de-silting, minor
repairs, greasing and painting of structures and main canal level cleaning and de-silting have
taken place under the maintenance category.

Slow progress is reported on turnover in the three programs we studied. Table 12
includes the information on sample FOs reported as turned-over and responsibilities turned
over in the FOs.

Table 12. Responsibilities turned-over in LSS sample farmer organizations.

Program Sample FOs  Turnover Cases Responsibilities Turned-over (Cases)

A B C AC ABC  Other
INMAS 61 49 4 1 2 21 21 -
MANIS AB 24 9 2 1 2 - 2 2
MANIS C 24 5 - - 3 - 2 -
Mahaweli 63 23 3 - 6 20 4 -

Source: IIMI and ARTI (1995)

Notes: Key A - Distributing water within the DC (FC gate operation)
B - Operating DC gates
C - DC jungle clearing and de-silting

At present the operation of FC gated and jungle clearing and the de-silting of DCs are
the major activities taken over by FOs. Whether paid or not, farmers now clearly know that
certain operating and maintenance responsibilities will be handed over to them. What is now
necessary to decide on is how turnover can be continued so that both agencies and farmers
will know what the goal of the program is.

The study found that water distribution has improved due to turnover and that DC and
FC maintenance has not suffered from turnover. The study also found that farmers can affect
turnover as long as the profitability of irrigated agriculture dose not fall. Full turnover would
mean that FOs are given the full responsibility for O&M below the DC head or an equivalent
point in systems without DCs. Full responsibility would include paying all of the cost, and
there would be no subsidies beyond those provided in the O&M of the main system. The
arguments in favor of full turnover include:

e  Making farmers completely responsible for the maintenance of distributory canals and
below, clarifies and simplifies responsibilities. At the moment, some FOs perform only
the maintenance work they are paid for and others do not undertake repairs even if

49



K. Jinapala, Lal Premadasa, P. G. Somaratne and M. Samad

they are well within the farmers capability, and instead try to get the government to
make the repairs. Once responsibilities are clarified, this would not happen.

e Complete turnover will make it possible for the agencies to focus their attention on
the maintenance of the main system and may improve the sustainability of the systems
as a whole.

e  Complete turnover means that financing the maintenance of distributaries and below
will not be subject to problems of public finance.

The current situation is unsatisfactory because some farmers continue to expect
government assistance that is only intended to be partially provided. It has been found that
full turnover in operation responsibilities for DCs and below to FOs would be possible, and
even now it is taking place successfully in many irrigation schemes. The problem is
maintenance. This evaluation suggests alternatives mentioned below to convey full turnover
of responsibilities to FOs.

e Alternative 1 (low technical financial burden on farmers)

o

FOs would take complete responsibility for jungle cleaning and de-silting
(except when the silt is exceptionally heavy) for both FC and DC. As pointed
out, FOs are already doing this and farmers have come to accept it.

e  Alternative 2 (low technical moderate financial burden on farmers)

o

FOs would take complete responsibility for jungle clearing and de-silting
(except when the silt is exceptionally heavy) for both FOs and DCs

FOs would take responsibility for painting, greasing, etc.
FOs would take responsibility for small earth work repairs.

All other work, including heavy de-silting and major earth work would be the
responsibility of the ID.

e Alternative 3 (moderate technical financial burden of farmers)

o

© © o ©o

FOs would take complete responsibility for jungle clearing and de-silting
(except when the silt is exceptionally heavy) for both FCs and DCs

FOs would take responsibility for painting, greasing etc
FOs would take responsibility for small earth repairs
FOs would take responsibility for simple structural repairs

All other work, including heavy de-silting, major earth work, and large or
complicated structure repairs, would be the responsibility of the irrigation
agency.

Participatory management policy has clearly succeeded in getting farmers much more
involved in system management than they were in the past, apart from some of the MANIS
systems that were studied that had been neglected by the irrigation agencies. However, turnover
has not progressed as expected in two different ways:
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e On the one hand, fewer than expected agreements have been reached in all the
programs. Only the INMAS program has made much progress in achieving some form
of turnover, although the MEA is now seriously trying to make turnover work. There
has been very little progress in the MANIS schemes, although the NIRP mandated
turnover in its post rehabilitation phase.

e On the other hand, full turnover has not occurred in any of the three systems and
progress has stopped at a joint management stage. In particular, there is reluctance
on the part of both agencies and farmers to have the full responsibilities for
maintenance turned over to the FOs. Payments continue to be made by agencies for
O&M activities to FOs that have taken over responsibilities, either informally or
formally.

Evaluation of Key Indicators used for Measuring PIM Performance

As explained in the methodology, the performance of six aspects of PIM was measured using
the scoring system that was developed. The details of the scoring system used for the
assessment are shown in Annex 1. The intensive data collected using recurrent surveys and
process documentation methods was used to calculate the scores obtained by sample FOs in
different irrigation schemes under the three programs. The potential scores for each indicator
area and the average scores, and also the range actually obtained by different programs studied,
are summarized in Table 13. The scores obtained by each sample FO studied using recurrent
survey and process documentations in the three programs are shown in Annex 2.

Table 13. Average indicator scores by program for RS/PD sites.

Indicator Max Score INMAS MANIS Mahaweli

Av. Range Av. Range Av. Range
FO Strength 36 29.4 23-35 20.0 7-35 15.9 5-24
FO Water Distribution 20 15.3 9-18 8.3 4-13 12.8 5-15
FO Maintenance 19 10.2 7-13 9.3 5-14 9.0 5-10
FO Non O&M Activities 28 8.5 5-11 32 0-11 6.8 0-13
JMC Performance 15 10.4 8-12 4.8 3-9 12.5 12-13
Degree of Turnover 48 13.8 12-17 13.6 1-17 18.5 15-21

Source: IIMI and ARTI (1995)

Conclusions and Recommendations

The major conclusion is that, despite its partial failure to achieve some of the main goals,
participatory management has clear benefits and should be continued and supported. Also,
basic participatory management of formal multifunctional farmer organizations and joint
management committees should be continued. At the end of the IMII/HARTT study a national
workshop was held to discuss the study results and recommendations were made for

51



K. Jinapala, Lal Premadasa, P. G. Somaratne and M. Samad

strengthening PIM policy. It is found that most of these main recommendations are still
realistically valid to improve the PIM in the present context.

Recommendation No.1

The IMII/HARTTI team recommended that steps be taken to make government agencies dealing
with agriculture more responsive and more supportive of farmer organizations and joint
management committees. These steps include:
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Each agency should redefine the job descriptions of its officers to reflect the tasks
and attitudes needed to provide explicit support for farmer organizations and joint
management committees. This redefinition should make certain activities mandatory,
including attendance at JMC meetings and providing technical assistance and advice
to FOs and JMCs. In particular, the job descriptions of Technical Assistants/ Project
Managers (TAs/PMs) in MANIS schemes should be redefined to ensure that the TAs/
PMs have the time and motivation to play their roles as ‘Project Managers’ effectively.
(Workshop) An Inter-agency committee may be set up to redefine job descriptions.

Intensive training should be provided to government officers in all relevant agencies
about their roles and functions with respect to farmer organizations and joint management
committees, and about the rights and responsibilities of the FOs and JMCs.

In order to ensure that officers act in supportive ways, their performance in supporting
farmer organizations and joint management committees may be made an explicit part
of their performance evaluations.

The government may make it a policy to support farmer organization and JMC
decisions. This may mean delegating greater authority to local agencies so that they
can respond effectively to JMC decisions. It also means that government officers
should support farmer organization decisions against complaints from individual
members.

(Workshop) The Secretaries of Irrigation and Agriculture may issue a joint declaration
of the participatory management policy. The policy should be widely publicized
through various media.

A major effort may be made to publicize among the farmers the rights and
responsibilities of farmer organizations and joint management committees as defined
in by-laws to the amended Agrarian Services Act and in the amended Irrigation
Ordinance.

(Workshop) Farmers should be consulted about any future amendments to the relevant
legal acts.

(Workshop) Regular monitoring and evaluation of the progress of the policy should
be undertaken. An annual workshop may be held as a routine task to review the
performance of the irrigation management policy activities.
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Recommendation No.2

We recommend that catalyst efforts, farmer training, and other direct support activities for
FOs and JMCs be continued. These efforts are needed for the following:

e  Catalyst efforts are needed to facilitate the organization of farmers in schemes where
no farmer organizations exist. Catalysts are also needed to assist agencies and farmer
representatives in the creation of joint management committees in schemes where they
do not exist (relevant to MANIS schemes).

e  Catalyst efforts, training, and publicity should focus on educating all farmers, not
just farmer organization leaders, about participatory management. Specific efforts
should be made to educate farmers about organizational management, including
handling finances, selecting leaders, etc.

e  (Workshop) Training should be provided to the farmers at the appropriate time on
the functions and responsibilities of the farmer organization during each stage (initial,
joint management, and turnover) of farmer organizational development.

e (Workshop) When needs arise, farmer organizations should be encouraged to hire
trained persons (e.g., bookkeepers and auditors) to carry out specific organizational
management tasks.

e  Widespread training about the technical aspects of irrigation should be continued.

e (Workshop) The relevant government agencies should make technical information on
the irrigation schemes available to the farmer organizations.

e Where special problems exist, e.g., land tenure problems, support efforts should focus
on finding solutions to those problems.

e  Special efforts should be made to offer opportunities to farmer organizations to take
up new businesses. One business that should be fully supported by the government
agencies is paddy marketing. Government agencies should assist in establishing
linkages to other relevant markets.

e  Efforts should be made to prevent the development of dependency of the farmers on
the catalyst agents as has been reported from some INMAS schemes. This can be
done by constant monitoring of catalyst activities; catalyst should not provide direct
services but only instruction, advice, and guidance. Catalyst assistance should be
time-bound.

e (Workshop) Efforts should be made to mobilize other community members, such as
teachers, Grama Niladharies and religious leaders in support of participatory
management.
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Recommendation No.3

We recommended that alternative organizational forms be developed for the various types of
schemes for which the INMAS model is not appropriate.

e  (Workshop) Farmer organizations should be organized on the basis of hydrological
units whenever possible (mostly relevant to MANIS schemes).

Recommendation No.4

We recommend that the government clarifies the policy on turnover, including defining what
powers and responsibilities will be turned over and how the government will continue to support
irrigation services. We suggest that the following should be part of this clarification:

e Turnover should be publicly declared to be a fixed policy that applies to all FOs in all
schemes. If necessary, it can be explained that this is an alternative to imposing the
irrigation service fee mandated by law.

e  (Workshop) To ensure an effective and united policy, both agriculture and irrigation
should be placed under one ministry. Alternatively, the policy can be implemented
and supervised by a unified secretariat under a board drawn from both ministries.
These measures will ensure a unified policy.

e (Workshop) Funding for farmer organizations and turnover activities should be
provided on a program basis to deal with the whole sector rather than on a project
basis that deals with only a few schemes at a time.

e  (Workshop) For turnover, farmer organizations must be formally recognized by the
government; for this many farmer organizations need to be strengthened.

e (Workshop) The irrigation agency personnel in a turned-over scheme will be
answerable to the Project Management Committee for that scheme.

e  Operations of distributory canals and below, or equivalent portions of systems without
distributory canals, should be turned over to farmer organizations as soon as the
canals are repaired to make them operable.

e  Operations of distributory canal head gates, branch canals, main canals and headworks
should be turned over to appropriate level farmer organizations or joint management
committees upon the request of the farmer organizations or joint management
committees with the proviso that the farmer organizations or joint management
committees take full responsibility for hiring, paying and supervising the necessary
operating personnel. The exact details can be negotiated following a request from the
relevant group of farmers to the Project Management Committee in each scheme.

e  (Workshop) For operation of distributory canal head gates, it is suggested that they
be jointly operated for a period of less than 5 years, following which operations should
be handed over to farmer organizations.
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e (Workshop) Farmer organizations should be made responsible for the safety of
structures and protecting reservations from encroachments and damage.

e Jungle clearing and regular de-silting of DCs and FCs or their equivalents should be
made the unambiguous sole responsibility of farmer organizations; no funds should
be provided to farmers for this activity.

e  The government should come to a decision about how much it is willing to subsidize
other aspects of distributory canal and FC maintenance, including painting and
greasing of metal controls, major and minor earthworks such as the repairs of scours
and washouts, and repair of concrete and masonry structures.

e (Workshop) Once the basic decision about the obligations of farmer organizations
and government are worked out at the national level, specific subsidies and subsidy
levels should be worked out at the scheme level based on an assessment of needs.
These subsidies can include salaries, equipment, operation funds and others.

e The mechanism for providing subsidies should be defined. There are several
alternatives ranging from giving the irrigation agency full responsibility and the
necessary funds to making the FOs responsible but giving them a simple annual cash
grant may not be advisable

e The government should define a period of time by the end of which the transfer of
responsibilities must be accomplished. No more than 5 years should be reqired,
following the completion of needed repairs, to complete the transfer to FOs. During
this period, a time of ‘joint management’ should be defined during which the agency
officers supervise and assist the farmer organizations in undertaking responsibilities.

Suggestions for Monitoring the Policy in the Future

As a part of the study, the IWMI/HARTI team documented the monitoring and evaluation
systems being used by the implementing agencies, interviewed managers about their information
needs, developed indicators of key characteristics of farmer organization and joint management
committee performance, and tested these in the field in an experiment in improved monitoring.

At present, the IMD uses the Monitoring, Evaluation and Feedback (ME&F) System. A
major problem is that many FO office-bearers do not prepare the required monthly reports. The
ME&F system has now been introduced in INMAS schemes. In the ID managed MANIS schemes
various formal and informal initiatives are underway, the most important of which may be the
establishment of Irrigation Management Cells (IMACS) in each range office; one of whose
functions is monitoring institutional development activities. MEAs Institutional Development
Unit (IDU) collects data and reports on various aspects of participatory management.

To help provide quantifiable measures for the purpose of monitoring and evaluating
participatory management, the [IMI/ARTI team developed and tested a set of indicators for:

e  FO (Farmer Organization) Strength

e  FO Water Distribution Performance
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e FO Maintenance Performance
e  FO Performance In Non-irrigation Management Activities

e JMC (Joint-management Committee) Performance

These are given in Annex 1. Properly used, the indicators provide a reasonably accurate
way to measure FO and JMC progress. To provide an objective way to evaluate the strength
and performance of FOs before considering them for turnover, the study team suggested a
first approximation of minimum acceptable percentage scores for turnover. These numbers can
be refined over time as more experience is gained in rating FOs and JMCs.

The study team believed that the government should have an effective way of keeping
track of the progress of FOs, JMCs and turnover. Based on these experiences and findings,
they recommended:

1. The IMD could consider the idea that FOs will be interested in collecting data for
themselves and for the IMD.

2. That the ID considers developing a recurrent survey-type monitoring program for
MANIS schemes based in the IMACs.
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Annex 1 - Detailed Criteria and Indicators for Measuring PIM

Table 1.  Farmer organization strength indicator.
Feature Conceptual Base Performance Outcome
Structure 0 = FO has no constitution 0 = FO has no farmer 0 = Required characteristics of
or no clear structure approval for a constitution FO structure are not met
1 = FO has a constitution 1 = FO has farmer approval 1 = Required characteristics are
and a formal structure for a constitution partially met
2 = FO has both a constitution 2 = Required characteristics are
and a formal structure fully met
Membership 0 = No clear definition for 0 = Less than 50 % of potential
eligibility farmers are active members
1 = There is a clear definition 1 = Between 50 % - 75 % are
for membership active
2 = More than 75 % are active
Leadership 0 = No procedure or criteria 0 = Neither procedure nor 0 = Leaders are not selected
for selecting a leader criteria are followed by farmers
1 = There is a procedure but 1 = Only procedure is 1 = Leaders are selected by
no criteria followed farmers but not by majority
2 = There are both 2 = Both procedure and of farmers
procedures and criteria criteria are followed 2 = Leaders are selected by
majority of farmers
Funding 0 = No planned ways to 0 = FO has a poor funding 0 = No funds
raise funds position 1 = Funds are primarily
1 = Funds are raised in an 1 = FO has a satisfactory obtained from agency O&M
adhoc manner funding position allocations and contributions
2 = Funds are raised mostly 2 = Funds are primarily obtained
from agency allocations from membership levies
3 = Funds are raised through 3 = Funds are obtained from
a sustainable procedure contracts and other FO
business activities
Financial 0 = FO has no financial 0 = FO does not follow 0 = Funds management not
management  reporting or disbursement financial reporting and reported to membership

procedures

1 = FO has reporting
procedures but no
disbursement procedures
2 = FO has all needed
procedures

disbursement procedures
1 = FO follows financial
reporting and

disbursement procedures

1 = Funds management
acceptable to some farmers
2 = Funds management and
disbursements acceptable to
most farmers

Use of funds

0 = No plans prepared to
use funds
1 = Plans are prepared to
use funds

0 = Funds are not used
1 = Funds are used for
FO activities

0 = Use of funds brought no
benefit to FO

1 = FO activities are diversified
with the use of funds

2 = Stronger financial position
through diversified activities

(Continued)
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Table 1.  Farmer organization strength indicator (Continued).

Feature Conceptual Base Performance Outcome

Internal 0 = No defined channel of 0 = No FO meetings held 0 = No systematic information

communication communication 1 = Meetings held irregularly flow between farmers and FRs
1 = Information passed 2 = Regular meetings are held 1 = Information is passed mainly
through informal channels between FRs and DCO officers
2 = Regular channel is 2 = Systematic information flow
established through meetings between farmers and FRs

Note:  For purposes of judging membership, ‘potential members’ is defined as all farmers (including renters and squatters)
served by the distributory canal. The number of ‘active members’ is defined by asking the DCO officers to identity the
member of ‘active members’ in their organizations

Table 2. Farmer organization water distribution performance indicator.

Activity Responsibility Performance
Preparation of schedules 0 = No schedules or scheduling 0 = Scheduling done only after
within DCs done by agency problems arise
1 = Scheduling done by agency 1 = Scheduling done in time or as
and FO appropriate
2 = Scheduling done by FO 2 = Scheduling done in time and as
appropriate
Within FCs 0 = No schedules or scheduling 0 = Scheduling done only after
done by agency problems arise
1 = Scheduling done by agency 1 = Scheduling done in time and as
and FO appropriate
2 = Scheduling done by FO 2 = Scheduling done in time and as
appropriate
Operations within DCs 0 = Schedules implemented by 0 = There is disparity between head and
agency tail in both adequacy and timeliness
1 = Schedules implemented by 1 = There is disparity only in timeliness
agency and FO 2 = No disparity in either adequacy or

2 = Schedules implemented by FO timeliness

Within FCs (for FCs, 0 = Schedules implemented by 0 = There is disparity between head and
performance is scored only agency tail in both adequacy and timeliness
if water supply to FC is 1 = Schedules implemented by 1 = There is disparity only in timeliness
adequate and timely) agency and FO 2 = No disparity in either adequacy or
2 = Schedules implemented by FO timeliness
Problem resolution 0 = FO does not monitor and 0 = Less than 50 % of problems solved
resolve problems 1 = Between 50 % and 75 % of problems
1 = FO resolves problems in an  solved
adhoc manner 2 = Over 75 % of problems are solved

2 = FO resolves problems through
an established mechanism
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Table 3.  Farmer organization maintenance performance indicator.
Activity Responsibility Adequacy

FC maintenance 0 = Done by agency 0 = Done poorly
cleaning/de-silting 1 = Done jointly 1 = Done adequately

2 = Done by FO 2 = Done adequately and on time
Structure repairs/ 0 = Done by agency 0 = Done poorly
Preventive maintenance 1 = Done jointly 1 = Done adequately

2 = Done by FO 2 = Done adequately and on time
DC maintenance 0 = Done by agency 0 = Done poorly
cleaning/de-silting 1 = Done jointly 1 = Done adequately

2 = Done by FO 2 = Done adequately and on time
Structure repairs/ 0 = Done by agency 0 = Done poorly
Preventive maintenance 1 = Done jointly 1 = Done adequately

2 = Done by FO 2 = Done adequately and on time

Preventive measures

0 = FO has no rules for preventing

cattle or other damage

1 = FO has rules but no enforcement
means (relies on agencies)
2 = FO has both rules and

enforcement means

0 = Rules
= Rules

—

not enforced properly
well enforced
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Table 4.

Farmer organization non-O&M activities indicator.

Income Generating and Financial Activities

Activity

Level of Activity

Benefit

Input coordination
and supply

0 = Not undertaken

1 = Coordination of information
on needs

2 = Retail supply undertaken

0 = No income generated

1 = Mostly to those who undertake
the activity

2 = Income accrues mostly to the FO funds

Crop storage and trading

0 = No activity

1 = Provide common storage
facility

2 = Trade in crops

0 = No income generated

1 = Mostly to those who undertake
the activity

2 = Income accrues mostly to the FO funds

Providing credit

0 = No activity

1 = Facilitate institutional credit
2 = Operate credit facility and
facilitate institutional credit

0 = No income generated

1 = Mostly to those who undertake
the activity

2 = Income accrues mostly to the
FO funds

Other income generating
activities

0 = No activity(s)

1 = Facilitate individual farmers
to undertake activities

2 = Operate additional business(es)

0 = No income generated

1 = Mostly to those who undertake
the activity

2 = Income accrues mostly to the FO funds

Non-income Generating Activities

Sponsor community
rituals and activities

0 = No activity

1 = FO activities only

2 = Other community activities
as well

0 = None
1 = To FO only
2 = To wider community

Provide community
facilities

0 = No activity
1 = Provided community hall only
2 = Provided several facilities

0 = None
1 = To FO only
2 = To wider community

Sponsor activities for
special groups (women,
youth etc.)

0 = No activity

1 = Activities for one group
2 = Activities for two or more
groups

0 = None
1 = To local community only
2 = To wider community
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Table 5.  Joint management committee performance indicator.

Activity Performance Decision-making Outcome
Seasonal 0 = JMC does not undertake 0 = One-sided (officer 0 = JMC plans ignored
planning seasonal planning or FR) decisions are taken 1 = JMC plans partially

1 = JMC undertakes 1 = Participatory decisions implemented
seasonal planning are taken 2 = JMC plans implemented
without change
Maintenance 0 = JMC does not undertake 0 = One-sided (officer or 0 = JMC plans ignored
planning maintenance planning FR) decisions are taken 1 = JMC plans partially

1 = JMC undertakes
maintenance planning

1 = Participatory decisions
are taken

implemented
2 = JMC plans implemented
without change

Monitoring of

0 = Progress/performance

0 = One-sided (officer or

0 = No actions are taken in

system occasionally discussed FR) decisions are taken response to discussion
performance  at JMC meetings 1 = Participatory decisions 1 = Actions taken in response
1 = Progress/performance  are taken to discussions
always discussed at
JMC meetings
Problem 0 = JMC does not try to 0 = Only one party, agency 0 = No actions are taken in
solving solve problems or FRs, tries to solve response to discussion

1 = JMC tries to solve
selected problems; others
are forwarded to agencies
2 = JMC tries to deal
with all problems

problems at JIMC meeting
1 = Both parties jointly
attempt to solve problems

1 = Actions taken in response
to discussions
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Table 6.  Degree of turnover indicator.
Activity Planning (decision making) Implementation
Operations
On FC 0 = Operation decisions taken by agency 0 = Implemented by agency
1 = Operation decisions taken jointly 1 = Implemented jointly
2 = Operation decisions taken by FCGs (FO) 2 = Implemented by FO
Among FCs Same scoring as above Same scoring as above

On BC (DC gates)
On MC/headwork

Same scoring as above
Same scoring as above

Same scoring as above
Same scoring as above

FC Maintenance

e FC cleaning

e FC de-silting
e FC structure repairs
e FC earthwork

0 = Maintenance decisions are taken by agency
1 = Maintenance decisions are taken jointly
2 = Maintenance decisions are taken by FO
Same scoring as above

Same scoring as above

Same scoring as above

0 = Implemented by agency
1 = Implemented jointly

2 = Implemented by FO
Same scoring as above
Same scoring as above
Same scoring as above

DC Maintenance

e DC cleaning

e DC de-silting

e DC structure repairs
e DC earthwork

Scoring same as for FC maintenance

Scoring same as for FC
maintenance

BC Maintenance

e BC cleaning

e BC de-silting
e BC structure repairs
e BC earthwork

0 = Maintenance decisions are taken by agency
2 = Maintenance decisions are taken jointly
4 = Maintenance decisions are taken by FO
Same scoring as above

Same scoring as above

Same scoring as above

0 = Implemented by agency
2 = Implemented jointly

4 = Implemented by FO
Same scoring as above
Same scoring as above
Same scoring as above

MC Maintenance

e MC cleaning

e MC de-silting

e MC structure repairs
e MC earthwork

Scoring same as for BC maintenance

Scoring same as for BC
maintenance
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Annex 2

Table 1. Indicator values of evaluated FOs.

Programme Scheme FO A B C D E F

Maximum possible scores 36 20 19 28 15 48

INMAS Devahuwe Peramuna 32 16 12 11 11 15.5
Devahuwe Ekamuthu 32 16 12 11 0 15.5
Kaudulla CP Pura Perakum 33 18 12 11 11 17.0
Kaudulla Eksath 33 18 12 11 0 16.8
Meeoya Perakum 24 17 11 6 12 17.0
Muthukandiya Village 3 27 10 8 8 9 12.8
Muthukandiya Village 6 25 10 8 8 0 12.8
Muruthawela Pahala Perakum 23 9 7 6 8 13.2
Muruthawela Thisara 23 9 7 6 0 13.2
Rajangana Ranketha 35 18 13 11 12 17.2
Rajangana Navajeewana 35 18 13 11 0 17.2
Thabbowa Perakum 31 15 9 5 10 11.8
Thabbowa Thenuwara 31 15 9 5 0 11.8

MANIS Ambewela Thennakoonwela 22 10 11 2 6 13.2
Buththala Medagamaela 24 9 11 3 6 13.2
Gampola Rajaela  Kurukude Ekamuthu 8 7 8 0 4 12.8
Komarikaela Kanugolla 35 13 14 11 3 17.2
Maela Ekamuthu 20 4 7 2 6 13.5
Mahanneriya Mahananneriya 16 8 9 0 3 12.5
Mannankattiya Siri Parakum 7 6 5 4 6 16.5
Mediyawa Mahasen 18 7 8 2 3 11.0
Murapola Girambe Kolabissa 19 8 8 2 6 13.8
Radagalpotha Radagalpotha 21 8 8 2 0 12.5
Wennoruwa Wilgoda 31 11 13 7 9 13.2

Mahaweli  System C Hungamalagama 24 15 9 13 13 19.0
System C Diyaviddagama 21 15 9 13 0 19.0
System C Serupitiya 8 13 10 2 0 17.5
System C Pahalarathkinda 17 15 10 10 0 18.5
System H D3/D4/421 24 13 10 10 12 21.0
System H D4/ 204 5 5 5 0 0 15.0
System H D1/313 13 13 10 5 0 20.0
System H D2/101 15 12 10 1 0 19.0
System H D3/305 16 14 8 7 0 17.5

Key — A = FO strength, B = FO water distribution, C = FO maintenance, D = FO non-O&M activities, E = Joint management
committee performance, F = Degree of turnover
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Irrigation Infrastructure Management by Public Funds:
How It Can Be Made Justifiable

Namalee Madawalagama (engineer) and Badra Kamaladasa (engineer)
Irrigation Department, Colombo, Sri Lanka

Introduction

About 80 % of the paddy production is being done under major and medium irrigation schemes
in our country. Investment for irrigation development is considered to be the responsibility of
the government, especially in a welfare state like Sri Lanka. Once constructed, the responsibility
of operation and maintenance (O&M) of these schemes is also shouldered by the government.
Subsidies such as fertilizer and seed paddy or a guaranteed price for paddy are arranged by the
government from time to time to attract farming communities for agriculture or sometimes to attract
votes. But, there is a concealed value in all these subsidies. When also considering the input of
other agrarian services, a colossal sum of funds is diverted for the survival of irrigated agriculture.
This paper aims to compare the actual annual fund requirements and the available funds
to operate and maintain an irrigation scheme. The Huruluwewa Irrigation Scheme was selected
to compare actual requirements and the expenditure within the scheme (Annex 1: Table 1 for
details of Huruluwewa Irrigation Scheme). Funds received from various sources and the labor
contribution by the beneficiaries to fill the gap between the actual O&M requirement and the
funds received is also highlighted in the same scheme. The scheme also compares the financial
inputs of the Mahaweli Authority of Sri Lanka (MASL) and the North Central Provincial
Council, the other two major institutions responsible for the O&M of irrigation schemes.

Sustainability of an Irrigation Scheme

The medium and major irrigation schemes are operated and maintained by the Irrigation
Department, MASL and the nine Provincial Councils. Their approach and financial commitment
for O&M activities differs from one to another. The sustainability of an irrigation scheme wholly
depends on the degree of maintenance and the nature of operations, especially flood operations
attended by the owner and the beneficiaries. To have a properly maintained and correctly
operated irrigation scheme, at least the following requirements must be fulfilled.

1. Tested and validated O&M manual

2. Regular inspection and identifying maintenance requirements
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Identification of best suitable technical solutions as remedial measures
Accuracy of methods adopted and implementation

Availability of funds for inspection and implementation of remedial measures

S

Beneficiaries sharing the responsibilities of O&M

Factors 1 to 4 as mentioned above normally depend on the management systems adopted
by various organizations. The Irrigation Department, MASL and Provincial Councils adopt
different strategies. Availability of funds, which is normally channeled through the government
budget, also varies from one organization to the other.

Position of Funds and Requirement by the System

The actual requirement, funds provided, subsidiaries and value of crops of the Huruluwewa
Irrigation Scheme are discussed in this paper.

Operation and Maintenance (O&M)

The Huruluwewa Irrigation Scheme is located (at the coordinates 325,345 mN, 160,195 mE) in
the Anuradhapura District. The irrigation engineer is responsible for the O&M as well as
necessary improvements to be carried out in the scheme.

Technical Data of Huruluwewa Scheme (Irrigation Department 2007)

Extent in Acres

Left bank sluice 3,200 acres
Right bank sluice 7,200 acres
Center sluice 27 acres

Tank Bund Length 2.37 km

Bund lop width 6.7 m
Canals

Main canal 31.6 km
Branch canal 5.0 km
Distributory canal 38.62 km
Field canal 168.25 km

Agricultural roads  178.8 km

Table 1. Gives the actual fund requirement for the O&M of the Huruluwewa Scheme
for 2007.

The present practice adopted in most of the major and medium irrigation schemes under
the purview of the Irrigation Department is that funds are provided only for O&M of head-
works (bund, land roads and sluice as spill) and main and distributory canals. Operation and

66



Irrigation Infrastructure Management by Public Funds: How It Can Be Made Justifiable

Table 1.  Actual requirement of funds for operation and maintenance of the Huruluwewa Scheme
(Irrigation Department 2007).

Item Description Actual fund
requirement (Rs.)

Operations of main Purchase of equipment, fuel and allowances for 681, 230
system O&M staff
Maintenance of main Head-works (clearing, removing of ant holes, 179, 625
system applying grease to moving parts and painting, etc.)

Main canal and branch canal (clearing, de-silting, 772, 984

improvements to structures, greasing and painting
of gates, improvements to agricultural roads)

Sub-total Operation and maintenance cost for head-works, 1,633,839
main canal and distributory canal

Operation and maintenance of downstream system 3,245,025
from D-canal (see Table 2 below for details)

Total requirement 4, 878,864

maintenance of field canals and in some cases drainage canals is carried out by the farmer
organization (FO) with their funds and labor. Only machinery and equipment required and a
part of the funds needed are provided by the government. Table 2 shows the actual requirement
and expenditure by various sources for the O&M of the field canal and downstream system in
Huruluwewa.

Funds Provided by Government

DCB fund-(Contribution from scheme relevant district)

Rs. 325,000

Irrigation Department/Irrigation Management Division IMD
Rs. 2,245,872

(Equipment charges are accounted here)

Sub-total = Rs. 2,570,872

Contribution from Farmer Organization and Farmers as Labor Input

Direct funds from farmer organizations Rs. 1,013,079
Indirect contributions Rs. 1,328,400
Sub-total Rs. 2,341,479

This calculation shows that the FO (farmer organization) contribution (labor input and
FO funds) in up-keeping the irrigation system is significant (about 72 % of total requirements
in field canal (FC) maintenance). Nevertheless, this labor input is frequently ignored in financial
analysis, due to difficulties in accounting.
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Table 2. Requirement for operation and maintenance of field canals and the funds received from sources
(Resident Project Manager — IMD (2007).

FC area and name of Estimate Financial or labor contribution (Rs.)
farmer organization  (actual requirement)
Rs.
ID IMD FO Shramadana Provincial
funds funds funds council/
District
fund (DCB)

Meegahapattiya FO 266,766 Equipment 31,517 166,859 68,800
Gomarankalla FO 127,621 Equipment 39,667 47,977 48,800
Yaya 05 FO 144,005 Equipment 42,896 32,100 76,000
Galenbidunuwewa FO 187,266 Equipment 30,518 81,749 75,000
Ulpathgama FO 95,000 Equipment 30,140 29,600 41,600
Yaya 06, 21 Janapada FO 161,685 Equipment 34,770 51,600 80,400
D11 Dutuwewa FO 136,700 Equipment 44,690 26,600 70,400
D12/13 FO 177,689 33,818 44,742 81,100 110,800

Kokawewa FO 410,077 Equipment 42,652 15,400 106,400 250,000
Gettalawa Udara FO 258,284 Equipment 63,999 82,600 127,600
RB Yaya 06, Ekamuthu FO 141,495 Equipment 15,250 80,600 46,000

Janasirigama FO 230,982 Equipment 22,509 47,073 86,400 75,000
Huruluwewa Nikawewa FO 202,186 Equipment 48,229 29,600 126,000
Padikaramaduwa Mahasen FO 94,622 15,378 36,900 40,800
Padikaramaduwa Gemunu FO 214,841 34,143 91,600 940,00
Kivulekada FO 250,332 32,012 101,600 120,000
Aluthdivulwewa FO 87,123 14,252 32,600 42,400

Total 3,245,023 33,818+ 578,544 1,013,079 1,328,400 325,000

equipment
charge

Improvements, Repairs and Preventive Maintenance

The above figures give only an idea about the funds required for essential annual O&M
required to up-keep the irrigation systems at their minimal service condition as identified in
the ‘O&M Plan’. In addition to this, requirements for improvements, modifications, flood-
damage repairs and preventive maintenance are also identified by the O&M staff and need
to be accounted for. Meeting such requirements is the responsibility of the Irrigation

Department.

Estimates thus prepared for improvements and repairs of the Huruluwewa Scheme for
2007 and allocations made available are tabulated in Table 3 below.
These figures show that due to limited availability of funds, general improvements and
immediate repairs cannot be attended to, as and when needed. Contribution from farmers for
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Table 3. Actual amount needed for improvements and repairs and available funds.

Item Estimated amount (Rs.)

Funds available(Rs.)

Improvements to the main system
Preventive maintenance

Irrigation water management
Improvements to head works
Improvements to agricultural roads
Repairs following flood damage

Total

1,315,000
1,927,000
2,891,700
1,806,500
1,490,000

400,000
9,830,200

Nil
176,515
370,100

Nil

Nil

Nil
546,615

Source: Irrigation Department 2007

improvements and repairs (for the work beyond FCs) cannot be expected as their income is
marginal. Delays in attending to repairs and improvements eventually lead to more damages
and an increase in demand for funds for maintenance of the schemes, and ultimately culminate
in a need for rehabilitation earlier than the guaranteed life span of the systems. Although these
figures only relate to the Huruluwewa Irrigation Scheme, they reflect the real situation of most

irrigation systems.

Fertilizer Subsidies

The government provides fertilizer for paddy at a low price (less than one-third of the actual
cost) in order to encourage paddy farming. The Agrarian Services Department records indicate
that the subsidy provided by the government for fertilizers during 2007 for farmers of the
Huruluwewa Irrigation Scheme is as high as Rs.122 million.

Production

The value of production of the Huruluwewa Scheme in 2007 is depicted in Table 4 below.

Table 4. Value of production for two cultivation seasons in the Huruluwewa Scheme.

Acreage cultivated (ha)

Production (kg)

Gross income (Rs.)

Maha (2006/2007)

Paddy 4,345 3,059,000 97,900,000
Yala (2007)

Paddy 745 524,500 16,800,000
Soybean 660 1,185,000 142,000,000
Maize 245 1,168,000 31,500,000
Vegetables 90 21,500,000
Total income 309,700,000

Source: Irrigation Department 2007
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The above figures give only the direct income from production. When compared with
government expenditure on O&M activities, which amounts to nearly Rs.3 million, the value
of production of the scheme is very high. However, if the fertilizer subsidy, introduced recently
(amounting to Rs.122 million), is included in the calculation, this picture changes dramatically.

Since the actual requirements of the annual O&M are not fulfilled, frequent rehabilitation
requirements can be witnessed. Most of the schemes that have been recently rehabilitated
show symptoms of deterioration demanding another round of rehabilitation earlier than the
guaranteed life span of the system, while other systems are also in dire need of attention.

Comparison of O&M Costs among the Institutions

Three institutions are mainly responsible for the management of irrigation schemes namely,
the Irrigation Department, MASL and Provincial Councils. Table 5 gives the estimated funds
utilized for the O&M of irrigation schemes in these organizations where different types of
technical and financial approaches are adopted. The summary of the average expenditure on
the O&M of irrigation system per acreage by the three institutions are as follows:

Table 5. Average expenditure on O&M and improvement of the irrigation scheme by different

organizations.
Institute Name of scheme Average expenditure Rs./Ac

Irrigation Department Huruluwewa (Anuradhapura) 246

Muruthawela Scheme(Hambantota) 212
Mahaweli Authority Udawalwe Scheme 208
North Western Provincial =~ Mohariya Scheme 593
Council (NWPC) Siyambalankotuwa Scheme 563

Maha Karukkumaduwa Scheme 725

Sources: Irrigation Department 2007; MASL 2007; NWP 2007

There are several reasons for the high variation between the institutions.

e It can be observed that the NWPC spent a considerably higher amount of funds on
the management of irrigation schemes, which included expenditure on improvements.

e Active, well-established and financially sound farmer organizations exist in major and
medium irrigation schemes and their active participation in O&M is higher.

e  After launching programs to improve system performance through farmer participation,
farmers are well aware of their responsibilities for safeguarding schemes for their
benefit and, hence, their participation is high. The FOs in major and medium irrigation
schemes managed by the ID and MASL are performing better in O&M than the FOs
in Provincial Councils.
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Conclusions

The contribution to the national economy by an irrigation scheme is much higher than the
investment in O&M by the government. Inputs from farmers for O&M are also significant in
major and medium irrigation schemes where well organized farmer organizations exist. The
pattern of expenditure by various government organizations on O&M does not vary much
(except O&M expenditure by Provincial Councils). Frequent rehabilitation requirements arise
due to the failure to attend to repairs in a timely manner and inadequate maintenance due to
the lack of funds. If the government can increase input for O&M, the rehabilitation costs will
become less. It is necessary to review the investment on fertilizer subsidy as it has made a
significant change to the cost-benefit balance of irrigation systems.
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Policy Alternatives for the Management of Minor and
Medium Irrigation Schemes to Develop Groundwater
Systems in Restricted Catchments for the Improvement in
Food Productivity in the Dry Zone of Sri Lanka

S. S. Sivakumar
Civil and Water Resource Consultant Engineer

Introduction

Agriculture continues to be one of the largest sectors in the economy of Sri Lanka,
accounting for 18 % of the gross domestic product (GDP), 35 % of total employment and
more than 20 % of exports. It is the main source of livelihoods for the rural population, which
accounts for 70 % of the population. Past agricultural policies of the country were directed
towards self-sufficiency in rice, and presently production exceeds the requirement and is
expected to increase from 2.6 million metric tonnes to about 3.33 million metric tonnes in the
next 25 years with the increase of the population (Sivakumar 2002b).

Status of the Agriculture Sector

The important factor to consider in the agriculture sector is the low farm incomes due to low
productivity, especially in irrigation schemes. Recent studies reveal that in some irrigation
systems, less than 50 % of the family income is derived from irrigated agriculture and a greater
part of the family income is derived out of non-agricultural activities. Furthermore, it was
revealed that, 10 acres of irrigated agriculture has to ensure at least 250 person-days of
employment to be the major source of income of farmers. In order to overcome this situation
it is required to improve irrigation water availability economically (Sivakumar 2002a).
Probably the most profound challenge facing world agriculture today and in the
foreseeable future is how to produce more food with less water. The primary challenge in the
water sector of developing countries is, and will be, how to cope with rising competition for
water among multiple stakeholders in ways which are equitable, efficient and sustainable.
Recent research in Sri Lanka (Shanmuganathan 2004) has shown that most of the dry-zone
districts are also facing serious water scarcity, which will worsen over time. Sri Lanka is already
the fourth driest Asian country on a per capita basis, and has very high rainfall variability.
Therefore, the global concerns about water scarcity do apply to this country also.
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Status of Food Production and Water Resources

Food scarcity is a pressing problem in many countries. The problem, however, is particularly
serious in less developed countries with low agricultural production combined with a fast
growing population. To meet food requirements, efforts should be made to increase food
production at least several times over the present supply. This can be done by the use of
better viable and vigorous seeds, development and cultivation of new improved crop varieties,
use of proper fertilizers, pesticides, and herbicides, better on-farm water management, better
use of agricultural implements, provision of extension services, strengthening of the existing
institutions and introduction of new socioeconomic, legal and organizational support to
improve productivity. Proper economic management of water, however, is of overriding
importance in the production of food. The success and efficiency of most other measures are
dependent on the quantity, quality and timing of the irrigation water supply, the way it is used,
and the degree of control over it (Sivakumar 2001a). Water is critical to the web of life, but at
the same time, it is a limited resource in many areas of the world. Proper economic management
of this scarce resource is essential for the improvement and sustainability of food production.

Water Scarcity

The human race through the ages has striven to locate and develop fresh water, being one of
the basic necessities for subsistence of life. Over 90 % of liquid fresh water available at any
given moment on the earth lies beneath the land surface. Groundwater, unlike surface water, is
available in some quantity almost everywhere that man can settle in; is more dependable in
periods of drought; and has many other advantages such as the fact that it is directly
consumable; that it requires less investment than surface water; and that it has a readily
absorbable high nutrition content for crop production.

The need to stabilize agricultural production in Asia, where over 40 % of the area is
drought-prone, translates to the need to promote the speedy development of groundwater
resources. Even in areas where there are surface water supplies available through major, medium
and minor irrigation projects, groundwater is playing an increasingly vital role in supplementing
surface water (Nagaraj and Dewan 1972). The importance of the role of groundwater to meet
water supply requirements for domestic, rural, urban, industrial and agricultural use needs no
emphasis. The increasing demand placed on it has stimulated investigations directed towards
the quantification of the resource, which is basic for the formulation of plans for its exploitation,
management and conservation (Sivakumar 2001b).

Irrigation holds a special place in the water scarcity debate, as it uses more than 70 % of
the world’s total water supply, while in Sri Lanka about 96 % of annual freshwater withdrawal is
used for agriculture. Sri Lanka is the world’s second highest user in terms of percentage of
population, among others in utilizing fresh water withdrawals for agriculture (Ilampooranan 1993).

The Need for Research

The much-needed water for agriculture sectors in dry and intermediate zones, which covers about
two-thirds of Sri Lanka, has to come from water available for irrigation, while meeting the challenge
of increasing food production. Opportunities available for further expansion of irrigated lands in
the country are very slim (Sivakumar 2009). Introduction of other food crops (OFCs) is
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economically feasible to overcome this problem. There is a wide gap between OFCs planned and
accomplished in completed projects. Where paddy and OFCs are cultivated, the availability is
always tied to paddy cultivation and this compels OFC growers to produce to the glut created
by rain-fed cultivators thus reducing profits (Sivakumar 2008). The absence of a proper
mechanism to compensate those who switch to OFCs compels others to grow paddy. Hence,
clear scientific justification is needed to address the problem through an in-depth research
supported change of policy to reduce the pumping cost of OFC cultivation by raising the water
table. The water table can be raised by foregoing a certain percentage of paddy cultivation and
keeping some percentage of water in irrigation schemes exclusively for recharging groundwater.

Research Objective

Research was carried out to address the acute problem of water scarcity and to spell out an
operational policy for conserving surface water. The objective was to reduce the use of surface
water for paddy cultivation under minor and medium irrigation schemes and to increase the extent
of OFC cultivation using groundwater. Also, to create an artificial boundary to lift the water table
and reduce the pumping cost of irrigation so that OFC could achieve the optimum crop yield.

Research Methodology

The methodology of this research uses a complete water balance study in a restricted catchment
area incorporating a few medium irrigation schemes, several minor irrigation schemes and a
large number of dug wells to illustrate the:

a) Development of a model to represent all the relevant variables connected with the
movement and utilization of surface and groundwater

b) Usage of the above model to study the viability of conserving surface water by storing
groundwater; and reducing the extent of paddy cultivation that relies on surface
water; and increasing the extent of OFC cultivation using groundwater to achieve
optimum crop yield

¢) Economic viability of achieving optimum crop yield as in (b)

d) Creation of an artificial aquifer boundary to optimize the effectiveness of groundwater
use to achieve optimum crop yield

e) Economic viability of the creation of a artificial boundary in terms of productivity
f) Increased crop production by combining both (b) and (d)
g) Economic viability of achieving optimum crop yield as in (f)

Many field experiments conducted by agronomists reveal that the increase in the yield
of a crop depends (in addition to other factors) on dissolved nitrogen in the irrigation water
that is supplied (Ferreira and Goncalvesn 2007). More frequent and less intense irrigation tends
to give a better crop yield due to reduced moisture stress, requires less water to fill the root
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zone to field capacity and reduces solute movement. The general relationship between crop
yield and water applied to the crop tends to increase linearly up to about 50 % of full irrigation,
and then moving in a convex curvature to the optimum yield, followed by a reduced yield with
further increases in applied water (Jeffrey and Russel 2003).

Farmers whose sole objective is to get optimum net income tend to irrigate their crop by
incurring the minimum cost for their irrigation water and getting optimum productivity for their
crop. Hence, the main methodology adopted in this research regarding the optimum crop yield
is economizing the cost of the irrigation water and increasing the extent of cultivation per unit
of irrigation water.

Study Area Characteristics

The study area as in Figure 1 is located in the northern part of Sri Lanka between 9° 22' and 9°
52' north latitude and between 79° 52" and 80° 49' east longitude. The area covers 6 medium
irrigation schemes, 40 minor irrigation schemes, around 2,000 shallow wells, including
41 observation wells in a polygonal network formed by connecting the perpendicular bisectors
of adjoining observation wells, covering 185.23 km? in both the Vavuniya and Vavuniya South
Divisional Secretary’s Divisions in the Vavuniya District.

Figure 1. Study area with polygonal network.

This area falls within the dry zone of Sri Lanka and in the Agro-ecological region of DLI
(Ponrajah 1984). The average annual rainfall of the district is around 1,400 mm. The monthly
average temperature is around 27.5° C, although it falls below this level during October to
January. The main rainy season extends from early October to late January and the sub-rainy
season extends from late March to late May.
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Soil and Groundwater of the Study Area

The general landscape of this area, with 3 % to 4 % slopes, contains minor and medium
watersheds and catchment basins. Reddish brown earth, low humid clays and alluvial soil are
the main soil groups, which occupy the concave valleys and bottom lands. Shallowly weathered
and rarely fractured crystalline rock with a thin soil mantle and limited groundwater potential
determines the substrata of the study area (Cooray 1984).

The cultivation of subsidiary food crops of about 0.2 to 1.0 hectare lots derives the
needed water mostly from shallow dug wells, which have been constructed with a4 m to 6 m
diameter and a depth of about 9 m (DOA administration report, 1999 to 2003). Water levels of
observation wells collected from 1997 to 2004 are given in Figure 2.

Figure 2. Monthly groundwater level fluctuation.

103.00
101.00 Node 4
99.00
97.00
95.00
93.00

91.00

—— Node 5

—@—— Node 6

——+—— Node 7

Node 8

Well water level (m)

89.00 Node 9

87.00 Node 10

85.00

The collected water levels reveal that there is a substantial decline in the groundwater
table in this region. Figure 3 clearly illustrates that the groundwater table did not reach its previous
year (1991) maximum level during 1992 to 2002. This may be due to the excessive exploitation of
groundwater; or due to the reduction in recharge of the aquifer by the speedy filling of minor

Figure 3. Average groundwater level at the end of recharging periods.
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tanks for domestic consumption; or the combination of both influenced by the influx of displaced
populations in this area given the conflict situation that prevailed in the country.

Groundwater Model Formulation

A groundwater model is a system which represents the flow of groundwater in a given aquifer.
In general, there are two idealized uses of simulation in groundwater hydrology. The first use
is in the prediction of future events based on a calibrated and validated model (Loague et al.
1995); the second use is in the development of concepts for the design of future experiments
to improve the understanding of processes (Chawla 1990).

Data Required for Developing a Groundwater Model

All groundwater resource studies are iterative because perfect data are not available and
circumstances change over time. Improved assessment becomes possible once more and data
are available (Issar and Passchier 1990). The first phase of a study of a groundwater model consists
of collecting all existing geological and hydrological data of the groundwater basin in question.
This will include information on surface and subsurface geology, water tables, precipitation,
evapotranspiration, pumped abstractions, stream flows, soils, land use, vegetation, irrigation,
aquifer characteristics and boundaries. Developing and testing the numerical model requires a
set of quantitative hydrogeological data that fall into two categories: 1) physical framework such
as topography, geology, types of aquifers, aquifer thickness and lateral extent, aquifer boundaries,
lithological variations within the aquifer, and aquifer characteristics; and 2) hydrological stress
parameters such as water-table elevation, type and extent of recharge areas, rate of recharge,
type and extent of discharge areas and rate of discharge.

Model Calibration

Generally, calibration is defined as the adjustment of parameter values within known ranges to
simulate the measured state of the flow system (Bair and Roadcap 1992). However, because of
the complexity of calibration, most practitioners still rely on ‘trial and error’ methods throughout
the world (Olsthoon 1995).

The longer the period used for calibration, the better results such a system will yield.
This is particularly so for unconfined aquifers, which have a long natural response time (Chawla
1990). As long-term records are seldom available, the model usually has to be calibrated using
data covering only a relatively short period, and the time periods, if possible, should be selected
according to where extremes of water table behavior have occurred. The absolute minimum
period, however, is data spanning for two full years, the first year being used to adjust the
input data and the second year serving as a check to see whether the adjustments were
adequate. If not, the process is repeated (Boonstra and Ridder 1981).

Source of Errors

The list below demonstrates that almost all input data are subject to error. The deviation
between the calculated and observed water levels will often be the result of a combination of
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these errors. Of course, errors can also be made in feeding the data in the computer and it is
advisable to first check whether any such error had been made. Errors in input data can arise
from two categories of sources.

e Errors in the physical properties of the aquifer
o Transmissibility ‘T’
o Specific yield ‘Sy’
o Water table elevation

o Type of aquifer

e Errors in the hydrological stress exerted on the aquifer
o Recharge from precipitation
o Recharge due to seepage in the conveyance and distribution system and
application of irrigation water in fields
o Lateral groundwater flow through boundaries

o Groundwater abstraction

Calibration Procedure

As deviations between calculated and observed water tables are due to either error in individual
input parameters or due to a combination of such errors, and the problem one faces in changing
the values, which are not known exactly, is that it can cause errors as well. Values of these
parameters lead to residue in the equation. The values of the parameters can be determined so
as to minimize the residue. This process is called a ‘calibration process’. Figure 4 shows one
typical node within the polygonal network to illustrate the water balance of any polygon in
the study area.

Figure 4. Typical polygon for node B.
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Subsurface flow + vertical flow will be equal to change in storage as given below.

Yoo j+1 g, j+l i j+1
; (hij ) hBJ )YiBTiB :A_‘(hsj i hBJ) AB M ABQBJ
For the calibration periods, the values of hi*', h,”*', h "and At are known. In case the
values of T, S, and AQ/*' are known, the equation should be exactly satisfied. In case the
values of these parameters are not known accurately and due to the error in the assumed
values of transmissibility, storage coefficients and recharge coefficients, the equation will not
balance. Hence, there will be an error or residue RESBj*‘.

M
1 RS _E o j+1
RESB - z (hi hB )YiBTiB At(hB hB ) AB + ABQB

i=1

The objective of the calibration process is to determine the values of T , S, and recharge
coefficients so as to minimize the square of this residue. Squaring is done to avoid the
cancellation of positive and negative errors. In each of the error optimization models, four
variables for polygonal inputs, one variable for that particular polygonal specific yield, and
five to seven variables for transmissibility for every polygonal connection, were formulated
with constraints. Constraints were given as practicable ranges for the recharge coefficients,
specific yield, and transmissibilities. The objective function together with constraints below,
are used as error optimization models for each node.

2

N M . . S . . .
. J+1 _ J+1 _ i J+1 _ ] J+1
Mmz [z (hi hB )YiBTiB At (hB hB)AB M ABQB ]
i=1 L=

Where,

M - Number of wells surrounding node B, N - Number of seasons for calibration

Subject t0:-0.06< S, _0.15, 15< T, < 25, 0.075<a<0.15, 0.05<b<0.1, 0.15<c<0.25,

0.9<d<1.5. Where a, b, c are the recharge coefficients of tank storage, field input, and rainfall
respectively and d is the withdrawal factor.

For the entire study area, altogether 164 variables for polygonal recharge coefficients,
41 variables for specific yield and 100 variables for transmissibility and 17 variables for the
boundary lateral flow were found by error minimization using the non-linear optimizer such as
GINO or MATCAD 2000.

First, for each node, models for minimization of the residue can be formulated. Using
one of the non-linear optimization packages, all the models can be minimized separately and
the values of stress parameters and recharge coefficients can be found. Taking these values
of stress parameters and recharge coefficients as initial values to the groundwater model,
residue in each node has to be found. Whenever the residue is not within the tolerance
level, stress parameters and recharge coefficients have to be adjusted slightly and
systematically, so that the residue for the first iteration can be found. By observing the trend
of change in residue, within the third or fourth iterations, the residues in all the nodes can
be brought to the tolerance level.
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This is a trial and error method. However, ‘MATCAD2000’ (a user-friendly package
requiring less computing time), which is superior to GINO, was used in this study to minimize
the iteration time. All the 41 polygons were individually minimized using MATCAD2000 and
the values of S, T, a, b, ¢ and d were found. While doing the second node minimization, if
it is connected to the first node, the corresponding T, found from previous minimization was
used and that particular constraint was removed from the second optimization model. By this
method the entire 41 polygons were optimized and the hydro-geological parameters for each
polygon were found.

Prediction of Model

All the work of collecting data, preparing the data and calibrating the model allows us to
reconstruct the measured water table elevation. But the true purpose of a model is to indicate
what the long-term behavior of the water table would be if certain plans for the use of water
are implemented. ‘Prediction run’ is the term used when the model simulates the future behavior
of the groundwater system when a certain development plan is implemented. It also allows us
to study the consequences of a number of alternatives within the development plan. Possible
situations to consider may include:

e Identifying effective recharge locations

e  Whether a change in the cultivation pattern is necessary
e Changing the operational policy

e  Whether irrigation canals have to be lined or not

e  What the best site for a pumping station is

e  What the effect of changes in the relative contribution of surface water and
groundwater are

e Whether there is any possibility of raising the water table by reducing the permeability
of the peripheral area of a restricted catchment

By simulating such alternatives, one can provide the decision-makers with a sound basis
to select the most appropriate plan.

The period over which the model can simulate future conditions in prediction runs
depends on several factors, which includes periods for which the model had been calibrated
and the pattern of development activities during the calibration as well as during the prediction
period. One should not predict for more than about twice the period used for calibration
(Boonstra and Ridder 1981). The important data for prediction runs are:

e Data on initial water table elevation
e Data on recharge and abstraction rates

e Data on boundary condition
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Prediction Model in Spreadsheet

For prediction, the water balance equation has been re-arranged to have hJj*'in LHS with
RHS as function of h*' as below.

M
j+1_ j j*l j*l1 j*l1
h —hB+[.ABQB +Z1(hi -h )YiBTiB.]At/SBAB

As h *' is connected to M surrounding nodes, while finding the h /*' the already
found h_*' will slightly vary. Hence, after completing the first iteration process for all the
41 nodes, the same process has to be repeated five to six times to get accurate results.
The function of GOALSEEK in spreadsheet with a small micro was used in this prediction
run, and all the iterations were performed in a few key strokes to predict the water level
with zero error. Even though the model is formulated season-wise, prediction is possible
monthly or even weekly by changing a few cell formulae and adding a few more cell
formulae.

Model Validation

Validation efforts are simply a comparison of modeling results against field data. Since
the goal of model validation is to ensure that the modeling results provide a good
representation of the actual processes in the real system, validation should be applied to
every step of the modeling process (Chawla 1990).Validation is the simulation of a different
measured state of the flow system using the final parameter values from model calibration
(Chawla 1990).There have been a number of definitions of model validation. The
International Atomic Energy Agency defines validation as follows: “A conceptual model
and the computer code derived from it are validated when it is confirmed that the
conceptual model and the computer code provide a good representation of the actual
processes occurring in the real system.”

To test the validity of the model using the calibrated parameters and using the eighth
season (September 2001), water level as initial water level and the rest of the inputs, the ninth
season (May 2002) water level was predicted using the prediction model. Wherever the
predicted values were not matching with the observed values, the stress parameters were
systematically and slightly adjusted to get a good match. In the same way, using the ninth
season (May 2002) water level as the initial water level and the rest of the inputs, the tenth
season (Sept. 2002) water level was predicted using the prediction model. In the same way,
the water levels of May 2003, September 2003, May 2004 and September 2004 were predicted
and compared with observed water levels.

This led to an observed error in depth of the water table in the order of the magnitude
ranging from -0.08 % to +2.1 %. For a groundwater simulation model in the integrated finite
difference method, an error of this magnitude may be regarded as acceptable depending on
the scope and purpose of the project.
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Operational Research

Using the calibrated model, several prediction runs were carried out to determine the behavior
of water levels to illustrate:

1)

2

3)

The possibility of reducing the extent of cultivation using surface water and increasing
the storage of groundwater for economic cultivation

The possibility of creating an artificial aquifer boundary to reduce the lateral flow
and raise the water table for economic pumping that would reduce the cost of irrigation
water and increase productivity

The possibility of combining both 1 and 2 to raise the water table by improving the
groundwater storage capacity to increase the crop yield and by increasing the extent
of economic cultivation per unit of irrigation water

To achieve these, the following steps were carried out;

1. The behavior of the water table of this catchment was analyzed by keeping
10 %, 20 %, 30 %, 40 % and 50 % of the full capacity of the irrigation schemes
during the season of June to September. This was done by assuming that, to
keep 10 % of the full capacity of a medium and minor irrigation scheme, 12 %
of cultivation has to be foregone.

2. The first interior boundary of the study area was selected for the creation of
an artificial boundary by using boundary treatment. To create the artificial
boundary, the transmissibility values (actually the permeability) were reduced
in steps and the behavior of the water table was observed. The ‘T’ values
between 17 very extreme peripheral nodes (18, 30, 41, 29, 28, 40, 39, 38, 37, 36,
24, 35,22, 34,33, 32, 31) and 14 interior adjoining nodes (8, 17, 16, 15, 27, 26,
25, 13, 23, 12, 11, 21, 20, 19) were reduced in steps of 2 — 3 m? /day and the
water levels were predicted. There are 30 nodal connectivities. Hence, all the
“T” values were changed in five steps.

3. During this analysis, every step of paragraph 1 was carried out for all five steps
of paragraph 2. Accordingly 25 trials were carried out. Even though this was
a very cumbersome exercise, the outcome produced an interesting shift.

The summary of results of the operational research considering the above three different
options are given below.

Changing the operational policy of minor and medium irrigation schemes by foregoing
cultivation by 25 % to 35 % to conserve surface water by storage as groundwater, is
giving water table gains in almost all nodes except nodes 37 and 38 by 0.533 m to
0.914 m during discharging season, and by 0.762 m to 1.143 m during recharging
season. This is a reduction of almost 45 % to 65 % of water table loss in between two
consecutive seasons in 80 % of the area of the catchment under study.

83



S. S. Sivakumar

e Creating an artificial aquifer boundary to optimize the effectiveness of groundwater
in an elevated water table using peripheral boundary treatment, causes a reduction of
35 % to 45 % in permeability and increases the nodes in the water table to be closer
to the treated boundary by 0.457 m to 0.838 m during recharging season.

e  Combining peripheral reduction in permeability by 35 % to 45 % and foregoing the
cultivation of minor and medium irrigation schemes by 45 % to 55 % result in an average
gain of water table during discharging season (June — Sept) by 1,067 m to 1,448 m
excluding node 37 and 38. The same trend is observed in recharging season although
to a lesser degree. This is a reduction of almost 60 % to 70 % of water table loss in
between two consecutive seasons in 95 % of the area of the catchment under study.

Economic Analysis of the Operational Research

Detailed cost benefit analysis for all the three options of the operational research were carried
out taking into account the farmers’ sole objective of getting maximum net income, and their
tendency to irrigate their crop by spending the minimum for their irrigation water and getting
the maximum productivity of their crop. Hence, one of the main assumptions adopted in this
economic analysis regarding the optimum crop yield is economizing the cost of the irrigation
water and increasing the extent of cultivation for every unit of irrigation water, leaving out the
physiology of the crop. Foregoing cultivation will be a loss to Gross Domestic Product (GDP)
and lead to a loss in Gross National Product (GNP) too. The gain in water table will reduce the
cost of energy by way of fuel and electricity. This reduces the cost of irrigation and in turn
increases the extent of cultivation per unit of irrigation water and leads to increases in the
crop yield. This will indirectly contribute to GDP and GNP.

Economic Analysis for the Change in Operational Policy of Irrigation Schemes

The change in operational policy will reduce the extent of paddy cultivation. This could be
taken as the indirect cost and will occur yearly. The return was calculated based on savings
in electricity by raising the water table on an average in steps of 0.63 ft., 1.75 ft., 2.41 ft., 2.93
ft. and 3.12 ft. for 1,680,030 m? of domestic pumping, 2,281,220 m’ of agricultural pumping and
160,910 m* of production well pumping in season 13; and in steps of 0.96 ft., 2.29 ft., 3.46 ft.,
3.92 ft. and 4.05 ft. for the pumping of 1,679,190 m? of domestic pumping, 2,149,900 m? of
agricultural pumping and 80,750 m® of production well pumping in season 14. This saving in
expenditure in pumping water for domestic agricultural production by raising the water table
was taken as the return from the implementation of this policy.

Economic Analysis for Boundary Treatment

The boundary treatment was proposed to reduce the average transmissibility in steps of 79
%, 70 %, 61 %, 53 %, and 44 %. Hence, the cost of cut off was taken as per Irrigation Department
data for costing. The present worth factors were taken from relevant tables. This was calculated
based on the savings in electricity by way of raised water table for average steps 0.14 ft., 0.46
ft., 0.67 ft. and 0.75 ft. for 1,679,190 m* of domestic pumping, 2,149,900 m? of agricultural pumping
and 80,750 m® of production well pumping in season 13.
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Economic Analysis for the Change in Operational Policy of Minor/Medium
Schemes Together with Boundary Treatment

The 25 combinations for the combined alternatives of one and two were analyzed. The direct
cost would be the boundary treatment cost. As the indirect cost and direct benefit are annual
in nature, the net values and the present worth of various policy implementation periods (project
life period) of 10 years, 15 years, 20 years and 25 years with interest rates of 5 %, 7.5 % and
10 % were calculated and analyzed.

Due to very heavy expenditure on boundary treatment, the present worth of return was
less for up to 20 years of project life time, than the present worth of cost up to step three of
the boundary treatment. Even though there was a considerable shift in water level gain, with
a 60 % to 70 % of water table loss in between two consecutive seasons in 95 % of the catchment
under research and the high cost of treatment reduced the benefit up to the last three steps.
Normally, for any water resource project, the life period is taken as 30 — 50 years (RBMP 1990).
Hence, this option is also economically viable.

Summary of Economic Analysis of the Operational Research

The alternative to the operational policy of minor and medium irrigation schemes by foregoing
cultivation by 25 % to 35 % gave the benefit cost ratio based on present worth greater due to
considerable rise in the water table. The rise in water table occurred almost above 80 % of the
observation wells. The rise in water table was around 45 % to 65 % of the loss in water table
between two consecutive seasons. This will reduce the cost of irrigation water and in turn
increase the extent of cultivation per unit of irrigation water. This will increase the crop yield
per unit of irrigation water and lead to increased productivity in terms of food production. The
boundary treatment showed positive results when the lifetime of the project exceeded 20 years
and for the interest rate of 7.5 %.

For most of the water resource projects the project life time is more than 30 years and
the interest rate can go up to 10 % as per the guidelines for the preparation of ‘River Basin
Master Plan 1990’ of the Central Water Commission if India, and the technical guidelines of
the Irrigation Department (Ponrajah 1985). This implies that the boundary treatment is also
economically feasible with certain limitations such as a minimum project life period of 20 years
and maximum borrowing rate of 7.5 %, as assumed in the options considered.

The combination of the above two alternatives yielded further improvement whereby
at any time the water table will reduce 60 % to 70 % of the water loss in between two
consecutive seasons in 95 % of the catchment under study. This implies that the boundary
treatment, combined with changing the operational policy of minor and medium irrigation
schemes by foregoing a part of the cultivation, is an economically feasible policy alternative
with certain limitations such as a minimum project life period of 20 years and a maximum
borrowing rate of 7.5 %.

After completion of the project investment, the average cost of irrigation water will be
reduced considerably due to less energy costs, and this in turn will increase the extent of
cultivation per unit of irrigation water.

A summary of the economic analysis for all three alternate options of economically
feasible steps is given below.
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Summary of benefit/cost ratio greater than unity option and steps.

Steps for each

Option Benefit cost ratio
season
Discharging season Recharging season
Operational 2 14.52 1.59
policy change 3 14.63 1.46
4 12.43 1.33
5 10.27 1.13
Y f
e e 20 25
implementation
Boundary Interest rate 75% 10%  75% 10 %
treatment —
3 0.73 0.97 1.15  1.66
4 0.88 1.17 1.39 2.01
5 0.83 1.10 1.30 1.88
Year of
20 25 20 25

Combination of  implementation
policy change
and creation of

Interest rate 75 % 10 % 75 % 10 % 75 % 10 % 75 % 10 %

artificial 3 0.97 1.13 1.28 1.78 0.82 1.09 1.17 1.75
boundary 4 1.09 1.19 1.49 2.23 1.01 1.13 1.44 2.18
5 1.04 1.13 1.42 2.22 0.97 1.15 1.37 2.02

Conclusion

Minor / medium irrigation schemes conserve surface run off and convey most of it to recharge
groundwater, and as such serves as a recharge shed for the wells situated in the zone of
influence. It is an insurance against water scarcity as the yield increases considerably for
every unit of rainfall. The minor / medium irrigation schemes prevent soil erosion and
depletion of soil fertility. In the context of impending water deficiency, the construction of
minor/medium irrigation schemes will be a dependable infrastructure in the development of
water potential in any catchment. Acknowledgement of the remarkable role played by the
minor/medium irrigation schemes on replenishment of groundwater and its spread over a
large area would be a great asset in the planning and execution of settlement and crop
production projects.

This research leads to the conclusion that a change in operational policy for minor/medium
irrigation schemes by foregoing one-third of the cultivation under minor/medium irrigation
schemes; or keeping one-fourth of the storage of these irrigation schemes at any time, will
gain an average of 45 % to 65 % in the loss of water table in any consecutive season in almost
80 % to 90 % of the catchment area under consideration.
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Recommendations

It is recommended to construct new irrigation schemes or re-construct the abundance of minor
/medium irrigation schemes with 25 % of storage exclusively for recharging groundwater.
In the existing minor/medium irrigation schemes the sluice to be raised to store 25 % of the
total capacity of the schemes to recharge groundwater and to store 25 % as dead storage.
This change in operational policy will lower energy costs and reduce considerably the average
cost of irrigation water for OFC cultivation, and this in turn will increase the extent of cultivation
per unit of irrigation water and lead to an increase in productivity.

Hence, it is recommended new irrigation schemes be constructed with dead storage at
25 % of full capacity, and the sluice to be raised (during any re-construction of existing sluices)
to retain 25 % of storage as dead storage in the future.
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Introduction

About three-fourths of Sri Lanka comes is within the dry-zone, in which water becomes a
particularly limited resource during the dry ‘yala’ season. Therefore, it is very important that
a farmer in the dry zone uses water at an optimum level. Even though up to now irrigation
water in Sri Lanka is unpriced, views have emerged that it has to be priced due to its scarcity
and increasing demand for both farming and residential use. The Government of Sri Lanka has
been investing large amounts of money in irrigation development and subsequent supply of
water to farmers since national independence. The lack of participation of water users in system
management and inadequate funds for operation and maintenance (O&M) activities have
resulted in the inefficient use of water on the one hand, and the excess use of water on the
other. As a result, farmers use water until the marginal productivity of water reaches zero
(Seagraves and Easter1983) and overall water usage has become inefficient.

One way to achieve an efficient allocation of water is to price its consumption correctly.
Pricing of water affects allocation considerations by various users. The prevailing pricing
methods for irrigation water include volumetric pricing, non-volumetric pricing methods, and
market-based methods. Volumetric pricing mechanisms charge for irrigation water based on
the consumption of actual quantities of water (Easter and Welsch 1986; Small and Carruthers
1991; Bandaragoda 1998). Non-volumetric methods charge for irrigation water based on a per
output basis, a per input basis, a per area basis, or based on land values (Easter and Welsch
1986; Easter et al. 1997).

Market-based mechanisms have recently arisen as a need to address water-pricing
inefficiencies inherent in existing irrigation institutions. These mechanisms rely on market
pressures and well-defined water rights to determine the irrigation water price. Area pricing is
the most common method used for irrigation water pricing (Bos and Walters 1990). The
rotational method combines elements of volumetric pricing with area pricing, for equitable
allocation of irrigation water fixes flows by day, time, and duration of supply, proportionate to
irrigated area (Bandaragoda 1998; Perry and Narayanamurthy 1998). Tiered pricing for irrigation
water is common in the State of Israel (Yaron 1997b).
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In Sri Lanka, the charges for irrigation water are not based on the amount of water
used, but on the basis of the operation and maintenance value of irrigation water. There
have been many studies in Sri Lanka to value irrigation water for agriculture. Upasena and
Abeygunawardena (1993) estimated the value of irrigation water as Rs.750 per acre per
rotation (season), using the productivity change method. They also identified that farmers
were willing to pay Rs. 560 per acre/year for O&M with an expectation to receive an effective
water supply to their land plots, and that that supply will be higher than the O & M costs
of irrigation (Rs. 370 / acre/year). Piyasena (2000) estimated the value of irrigation water
supplied under the Mahaweli Irrigation System using a Linear Programming model, and found
that the value of water was Rs. 2,030/acre-feet in the ‘yala’ season. Later, Renwick (2000),
using a residual approach, found that the value of water under the Kirinda Oya Irrigation
System was Rs.16,748 per hectare (Rs. 6,699.2 per acre) for paddy cultivation during the
‘maha’ season. Whereas, Bandara and Weerahewa (2003) estimated the value of irrigation
water used for paddy cultivation in five districts to be Rs. 5,727.63 acre™! season or Rs.1,272.8
per acre-feet. Meanwhile, Herath and Gichuki (2006) conducted a field study in the Lunuwewa
in ‘Mahaweli H’ area to value irrigation water by using the ‘Willingness-To-Pay’ method,
and found that the majority of farmers were willing to pay Rs. 300 per hectare/year for
irrigation water.

The objective of this study was to estimate the economic value of irrigation water used
in a crop farm (paddy and chilies) using a Linear Programming approach in the Senanayake
Samudra (Gal-Oya Irrigation Scheme) Right Bank System area in the Ampara District.

Methodology

The Linear Programming approach is used to identify the optimal farm plan for the farmer in
the Gal Oya Irrigation Scheme, given the limited (constraints) land, labor, water and capital
available for cultivation of crops in the ‘yala’ season. A farmer needs two pieces of information
in deciding whether he should add a little more input to his crop or not. First, he needs to
know the cost associated with adding one extra unit of the input and second, he needs to
estimate how much more income his crop would generate as a result of the added input. Hence,
if the added income to the crop is larger than the added cost, a farmer interested in increasing
profits will add more of the input for production activity. At the point of profit maximization,
the Marginal Value of Product (MVP) is equal to the price of the productive input used.
Therefore, the farmer can use water until the point is reached whereby the last Rupee spent
on water, returns exactly its incremental cost.

It is assumed that farmers tend to maximize profits from each activity (production) on
the farm land owned. Thus, the maximization model of LP is used to identify the maximum
profits attainable and the shadow prices of inputs used in production.

The maximization model used in this study is as follows:
Maximize: N= PI*X + Py* Y
Where X and Y are two different commodities (Example: paddy and chilies)

PI - Price of paddy per unit of X
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Py - Price of chilies per unit of Y

N - Net profit from all activities

The LINDO (2002) software package was used to solve the linear programming problem.
By using the LINDO program the shadow price of the constraints (resources) of the optimal
farm plan can be found. The LINDO solution report also gives a ‘Dual Price’ figure for each
constraint. The ‘Dual Price’ (Shadow Price) can be interpreted as the amount by which the
objective would improve given a unit of increase in the right-hand side of the constraint. Dual
Prices/ Shadow Prices indicate how much a person should be willing to pay for additional
units of a resource.

The crops cultivated (paddy and chilies), duration of crops and their net returns per
acre, on an average 2-acre farm are shown in Table 1. The net returns were estimated from
survey data collected.

Table 1. Crops and net returns (1 acre).

Crops Abbreviations Net Return (Rs./Acre)
1. Paddy (4.5 months) Pl 37,080
2. Paddy (3.5 months) P2 26,380
3. Chilies C 68,550

Technical crop water requirements for paddy 1 (4.5 months), paddy 2 (3.5 months) and
chilies were found by using the software package CROPWAT. CROPWAT is a computer program
used to calculate the crop water requirement and irrigation requirements from crop and climate
data. The output, which is the crop water requirement for one acre land crop cultivation, is
used for modeling the matrix formulation of linear programming. The CROPWAT program also
generated the water co-efficient (irrigation requirement).

Constraints and co-efficients for the model were estimated from data collected through
the survey (net returns from selected crops are shown in Table 1). Water constraint was
identified through the information obtained from District Irrigation Engineers. Water co-efficient
was identified through secondary information collected and with the help of the CROPWAT
program. Taking into consideration the land (2 acres), labor (50 man-days), water (4.1 acre-
feet) and capital (Rs. 50,000) constraints, the matrix was formulated to solve the problem of
profit-maximization by linear programming (Table 2).

Table 2. LP Matrix formulated for profit maximization.

Limit Paddy 1 (P) Paddy 2 (S) Chilies (C)
Objective N - 37.08 26.38 68.55
Land L 2.00 1.00 1.00 1.00
Labor L 50.00 15.00 15.00 70.00
Water L 4.10 4.37 3.54 343
Cash Rs. L 50,000 31.8 35.6 459
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LP Model formulated and used is as follows:

Maximize N = 37.08P + 26.38S + 68.55C

Subject to;

1. Land: P+S+C<=2,

2. Labor: 15P + 15S + 70C <= 50,

3. Water: 4.7P +3.54S + 3.43C <=4.1;
4. Cash: 31.8P + 35.6S +45.9C <= 50.
Where P, S, C and N => 0.

Method of Data Collection and Analysis

Data needed for this study were collected from three sources: 1) sample farm survey; 2)
secondary data from records; and 3) publications and reports, along with use of the CROPWAT
Program (FAO1998) to estimate the crop water requirements for the crops.

The survey was carried out at the Right Bank System in the Gal Oya Irrigation Project.
The sample consisted of 30 farmers. These farmers were selected using the ‘Multiple Stage
Sampling’ technique. The area of the Right Bank System of the Gal Oya Project was selected
as a cluster of the Senanayake Samudra, and a few distributory channels in the ‘Right Bank
System’ were selected randomly. Data was collected through a sample survey using a pre-
tested questionnaire from farmers residing along three irrigation channel (Distributory Channel)
areas. For the analysis, climatic data such as mean monthly temperature ranges, type of soil,
elevation, average rainfall, rainfall pattern, rainfall distribution, and crop pattern, were collected
from the Meteorological Department Sub-station at Ampara, and the Land and Water
Management Centre of the Department of Agriculture. Data on water issues from the Right
Bank system of the Senanayake Samudra for each month in the ‘yala’ season were also obtained
from the Irrigation Engineer’s Office, Ampara.

Results and Discussion

The results indicated the objective function value and the Dual or Shadow Prices, along with
the slack or surplus of the inputs used on the 2-acre farm. It was found that the farmer can
obtain a maximum profit of Rs. 59,127.88 per season by cultivating paddy and chilies on 2
acres of land. The output also indicated that paddy 1 (4.5 months) and chilies had zero Reduced/
Shadow Costs, while paddy 2 (3.5 months) had a Shadow Cost greater than zero. This implies
that it is not economical to include paddy 1 in the farm plan activity.

The results also showed that the farmer could cultivate 0.4539 acres of long-aged paddy
(4.5 months), and chilies on 0.617 acres of land, while short-aged paddy (3.5 months) is not
selected to be cultivated (Table 3).

Shadow or Dual Price is the maximum price that management is willing to pay for an
extra unit of a given limited resource. Shadow prices, which reflect the social value of goods,
replace the market prices that are used in private calculation. In a perfectly competitive economy,
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Table 3.  Level of activities and reduced cost.

Variable Value Reduced Cost
1. Paddy 1 (P) 0.453920 0.000000
2. Paddy 2 (S) 0.000000 5.587403
3. Chilies (C) 0.617017 0.000000

market prices and shadow prices will coincide (Smith 1985). As shown in Table 4, the water
constraint has a Dual/Shadow Price of Rs. 6,159.76, which implies that the farmer can increase
his net profits by this amount by using additional acre-feet of irrigation water in his optimal
farm plan. Water has such a high Shadow/Dual Price due to its limited availability. Therefore,
it’s profitable for the farmer in the area to purchase water at a price close to or less than
Rs. 6,159.75 per two acre-feet. These results are close to the findings of Renwick (2000), who
valued irrigation water as Rs. 6,699.2 per acre-feet, and that of the figure projected by Bandara
and Weerahewa (2003) at Rs. 5,727.6 per acre.

Table 4.  Slack and dual prices of constraints/inputs.

Row Slack or Surplus Dual Prices
2) Land 0.929063 0.000000
3) Labor 0.000000 0.677458
4) Water 0.000000 6.159756
5) Capital 7.244252 0.000000

Conclusions and Policy Implications

The study estimated the value of irrigation water using the principle of Marginal Value Product
in a Linear Programming approach that maximizes net returns for a specific farm plan. The
Shadow or Dual Price of water was used to estimate the economic value of irrigation water.
The results indicated that the economic value of irrigation water was Rs. 6,699.2; the amount
by which the net returns could be increased by its additional usage. This indicates the likely
importance of water in crop cultivation under irrigation schemes. Thus, it is economically rational
for the farmer to pay at least Rs. 6,699.2 for acre-feet of irrigation water, as long as its benefits
(returns) are also more.

However, the water management and cost recovery mechanisms should be developed
according to the farm size and season of cultivation, as both have significant impacts on
farmers in irrigation schemes. The productivity of land, cropping intensity, water availability,
and market prices should be considered in recommending a price for irrigation water. It is
also important to communicate the need to, and encourage the farmers in the irrigation scheme
to contribute to the development and maintenance of existing irrigation systems in a
sustainable manner.
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Abstract

The demand and use of water resources is permanently increasing, while the quality of water
is dropping and the availability of water in the context of climate change is becoming uncertain.
To meet these growing problems it is necessary to carefully assess the existing water stocks
and future trends in a country. The accuracy of such an assessment highly depends on the
quality of data and information used. In other words — we cannot manage what we do not
measure. In most developing countries, the lack of readily accessible and quality controlled
data is the major obstacle for scientifically-based assessments on water resources, water
development planning and evaluating the status and trends of water resources. Sri Lanka too
faces similar obstacles.

Recently IWMI initiated the development of a prototype system for managing national
water resources data and information, which can be accessed online by various users and
interested stakeholders. The data and information in the system is being organized in modules
to provide user-friendly access. The ‘overview’ module includes information on topography,
soil, land use, land cover, river network and settlement patterns. The ‘water availability’ module
contains data on various components of the hydrological cycle, including rainfall, runoff,
evaporation, ground- water, river basin characteristics, per capita water availability and trends,
and water scarcity. The ‘Demand and use’ module focuses on the factors that affect demand,
such as population growth, sectoral demand, irrigation requirements and withdrawals. The
‘water quality’ module provides information on salinity, water quality constituents and water-
related diseases. The ‘governance and management’ module contains information on
institutions, legislation and finances in the Sri Lankan water sector. The ‘disaster and risk’
module focuses on the characteristics of floods, land slides, tsunami etc. Finally, the ‘climate
change’ module covers the impacts of climate change on rainfall, salinity and sea level rise to
guide adaptation planning.

The system is designed with a view to facilitate assessments of water resources at various
administrative (e.g., province, district) and hydrological (e.g., river basin) units. The map-based
interface ensures quick access to available data and allows the date to be downloaded and
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displayed. The system is currently a ‘work in progress’ and only an illustration of what can be
achieved. It is envisaged that by cooperating with national agencies, the system will be
enhanced into a unified platform for maintaining and sharing data by various participating
agencies and will be used to conduct a systematic assessment of water resources in Sri Lanka.
By developing a comprehensive and national water audit, Sri Lanka may provide as an example
to other developing countries too.

Introduction

The demand and use of water resources is permanently increasing, while the quality and
availability of water is declining. According to the Comprehensive Assessment (Molden
2007), about 2.8 billion people in the world live in areas facing water scarcity. By 2025, one-
third of the population of the developing world will face severe water shortages (Keller et
al. 2000). Climate change can affect the quantitative and qualitative status of water resources
by altering hydrological cycles and systems which in turn, will increase temperature and
shift precipitation patterns (EEA 2007). To meet these growing problems it is necessary to
carefully assess the existing water stocks and future trends in a country. The accuracy of
such an assessment is highly dependent on the quality of data and information used. In
other words — we cannot manage what we do not measure. In most developing countries,
the lack of readily accessible and quality- controlled data is the major obstacle to
scientifically-based assessments of water resources, water development planning and
evaluating the status and trends of water resources.

Most of the studies on water scarcity assessment rank Sri Lanka as a country with
either little or no water scarcity or moderate water-scarcity conditions, but they do not
consider the spatial and temporal variation of water availability in the country (Amarasinghe
etal. 1999). Sri Lanka experiences high seasonal and spatial variations in rainfall due to the
bi-monsoonal climatic pattern (northeast monsoon from October to March and southwest
monsoon from April to September)—(Amarasinghe et al. 1999). Large tracks of the country
are drought prone. Droughts occur in both semi-arid and humid zones — in different degrees
(Imbulana et al. 2006).

At present in Sri Lanka, water resources data and information are hosted by multiple
government agencies, and there is a need to integrate such data into a coherent water resources
information system (Imbulana et al. 2006). Recently IWMI initiated the development of a
prototype system for managing national water resources data and information, which can be
accessed online by various users and interested stakeholders. The present paper describes
different modules of the system.
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Methodology

The heart of the system is the data base, which targets various user groups and provides
useful information to assist in their management decisions. Information is retrieved from the
platform, through web interface enabling subject-wise access. The system includes the
following data and information types:

e  Spatial data in GIS format (e.g., administrative boundaries, transportation, river basins,
land use, etc.)

e Attribute data: data linked to some spatial unit (e.g., population, irrigation)
e Time series data (e.g., rainfall, runoff)
e Descriptive information (e.g., policy documents)
The data and information are categorized into several topics:
e Data and information that help users to understand the physical settings of the country
e  Water availability, including current status and future trends
e  Water demand and use
e Water quality
e  Water governance, including institutional and legislative information
e  Water-related disasters and risks
e Climate change impacts on water resources

Data from different agencies, stored in heterogeneous formats, are harmonized to enable
comparison and presentation.

System Architecture

The system is developed with an open source technology to minimize the cost of
implementation and replication. The architecture of the system is shown in Figure 1. The user
interface is coded with PHP/Java script to provide web-based access for queries, outputs and
data download. Apache web server version 2.2 (http://httpd.apache.org/) is used for hosting
the system. Minnesota web map server (http://mapserver.org/) is used with PHP map script
(http://www.maptools.org/php_mapscript/ ) to develop the mapping interface. The attribute
and time series data are stored in an open source PostGRESQL database.
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Figure 1. System diagram.
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System Modules

The system currently contains seven information modules mentioned in the ‘Methodology’
section .The detailed descriptions of each module are given below.

Overview

The overview module contains base data to provide an overall picture of the geo-physical
conditions of the country. It includes the following data sets:

Administrative Boundaries: Many of the statistical and census data are aggregated by
different administrative levels. There are four levels of administrative boundaries in Sri Lanka
namely: Provinces, Districts, DS Divisions and GN Divisions. The present system includes
administrative boundaries up to DS divisions (Figure 2).

Topography: The system contains 90 m SRTM digital elevation model to represent the
topography of the country (Figure 3).

Soil, Land Cover and Agro-ecological Zones: Agro-ecological zones are land resource
mapping units, defined in terms of climate, landform and soils, and/or land cover, and having
a specific range of potentials and constraints for land use (FAO-AEZ website). Sri Lanka is
divided mainly into two major agro-ecological zones, namely the dry zone and the wet zone
(Figure 4). A transitional intermediate zone was recognized in 1956-1961 during the study
conducted by the Canada-Ceylon Colombo Plan Survey (Somasekaram et al. 1997). The soil
map mainly shows the great soil groups. The maps on land expanse show the major areas of
land cover including forests, paddy, tea, rubber and coconut cultivation areas.
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Figure 2. Administrative boundaries.
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Figure 3. Topography.
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Figure 4. Agro-ecological zones of Sri Lanka.
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Water Availability

The ‘water availability” module contains data on various components of the hydrological cycle,
including rainfall, runoff, evaporation, groundwater, river basin characteristics, per capita water
availability and trends, and water scarcity.

Time Series Data

The system provides a map-based interface to display rainfall, runoff and evaporation station
locations and retrieve daily and monthly station data (Figure 5). The data are displayed in
tables and charts with an option for downloading in text or XML format.

Figure 5. Location of rainfall station and data.
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Time Series Grid

Interpolated time series data are useful to visualize the spatial distribution of hydro
meteorological variables. The system includes annual and seasonal rainfall distribution for
1950 — 2005 (Figure 6). Similar data could also be generated for other variables.

Figure 6. Distribution of mean annual rainfall, 2000, distribution of mean annual evaporation.
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Long-term Averages of Hydro-meteorological Variables
These provide an overall picture of variation in hydro-meteorological variables across the

country. The system includes the distribution of annual and seasonal long-term mean rainfall
and evaporation.

Summary of Statistics

This is a summary of hydro-meteorological variables in terms of their administrative and
hydrological units, which data is useful for planning at those levels. The system includes rainfall
and runoff data summarized according to districts and basins (Figure 7).

Figure 7. Annual total runoff for basins.
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Groundwater

There is no baseline groundwater quantity or quality monitoring system in Sri Lanka (Imbulana
et al. 2006). A groundwater aquifer map is included to better depict the groundwater condition
(Figure 8).

Figure 8. Groundwater aquifer map.

[

. SHI LAMKAN WRTER RESOURCES ALDIT

amand snd lua Wenr Ouaiirg v IRAnC Missmurn s Finss Clhmam Thangs

'!rlh:lll:nl GROUND WATER AQUIFER MAF
] A4 Pampcial bourder ] aki
[ 2 Dttt Smrdury L =b-R=F J=l.F =

] DE drmsce. posrsdary
O A waai

Ry [T

Fory bap

LEGEND ()

I oy i e by procction acquter 0 e ma

| agn e i it e b wa

Bivsm n

Tl Smortuoan o s o gt o e v
BB | i et ettt e b e 2
L

I T e e R P ———

——
EEEEED

£ 000 v o bt e ’
[l S S U N— S AU S T 8 PRy S R *
S T page = g o Tumiy, sy 8, T 1o

Per Capita Water Resources

The system includes an analysis of district-wise per capita water resources and water scarcity
maps (Figure 9). These are helpful to identify resource-scarce areas.

Storage Capacity

Given that about 34 % of the net inflow of water in Sri Lanka is drained to the Indian Ocean,
there appears to be some scope for further water resources development (Bastiaansen et al.
2003). Because of the sporadic spatial and temporal distribution of precipitation, the only way
water supply can be controlled to match demand is through storage. (Keller et al. 2000).
A map is included in the system to show the storage capacities of different districts.
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Figure 9. Water scarcity map.
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Water Demand and Use

The major driving forces behind the increase in water demand are population growth,
urbanization, industrialization, increases in food demand and consumption patterns. The system
at present includes several indicators of water use including the below mentioned.
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Demography: Understanding population growth and spatial distribution is important
when estimating current requirements and when forecasting future needs for water resources.
Water use also varies according to different livelihood practices. Analysing changes in
livelihoods, including consumption patterns in different areas, is also important in order to
understand the potential demand that may arise from such changes. Demographic data are
mainly collected and aggregated according to administrative boundaries. The current system
includes district-wise data on population density and water consumption (Figure 10).

Figure 10. Population density 2001.
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Water Withdrawal: Water withdrawal data is important to understand the exploitation of
available water resources in different areas, which in turn can be used to identify areas of
scarcity. The system also includes data on a sector basis of per capita withdrawal and the
percentage of seasonal withdrawal from available water resources (Figure 11).

Water Quality

Water pollution is a major public health concern in Sri Lanka. There is a limited availability of
water quality information in Sri Lanka. The Central Environmental Authority (CEA) undertakes
water quality assessments in specific areas to address local needs and regulate local
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Figure 11. Per capita domestic water withdrawal 1991.
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development projects (Imbulana et al. 2006). The system is designed to incorporate data for
monitoring water quality, and data on salinity and water-related diseases. None of the data
mentioned in this module is currently included in this model.

Governance

Governance includes implementing better planning and management in order to improve the
availability of water resources and measures such as increasing efficiency in usage of water
to cater future demand. Data and information in this module at present includes: irrigation and
drainage development, institutions, legislation and finance.

Irrigation and Drainage Development

Irrigation activities in Sri Lanka date back 2,500 years (FAO 2008). The Mahaweli Development
Program is the largest multipurpose national development program (Somasekaram et al. 1997).
Besides this, there are 535 major irrigation schemes in the country. The system includes maps
of irrigation schemes and the Mahaweli system. A map of the irrigated area, generated from
satellite remote sensing, is also included (Figure 12).
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Figure 12. Trrigated area map.
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Institutions

There are about 30 government institutions contributing to water resources development in
Sri Lanka (Imbulana et al. 2006). Coordination among these agencies is important to pursue
good governance in water management. The system is aimed at obtaining information on these
agencies, including contacts of key people, roles and niches of institutions etc. Therefore, the
proposed data and information sharing strategy will address and remedy, at least to some extent,
the major challenge of overlaps and contradictions in some development programs adopted
by institutions to manage water resources.

Legislation

There are over 43 Acts of Parliament concerning the water sector. These laws have been enacted
over time to meet specific needs (FAO 2008). A compilation of these laws to provide one-stop
access would be useful to identify overlaps, gaps and conflicts. The system aims to include all
the water-related laws in the country in the on-line database. Creating a common point of access
to existing studies that analyze the laws and institutional jurisdictions regarding this area would
be useful in this respect. Another useful feature may be to provide a list of the various provisions
dealing with specific topics, e.g., groundwater, farmer organizations and their functions, etc.
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Finances

Investment in water resources has varied from 8 % a decade ago, to around 2 % of total capital
investment of the country (Imbulana et al. 2006). Information on tariff structures for the domestic
water supply, funding of irrigation development and financing irrigation water resources
management will be captured in this section of the on-line ‘water audit’.

Disaster and Risks

Major water-related disasters in Sri Lanka include floods, droughts, landslides and tsunamis
(Figure 13). Cyclonic storms and gale-force winds are also frequent with monsoon activity or
as a result of severe weather changes in the Bay of Bengal (Imbulana et al. 2006). Fifty-eight
percent of the country falls under the dry zone, which is frequently subjected to droughts.
Occasional droughts also occur in the wet zone. Floods are usually associated with monsoon
rainfall. The Kalu, Kelani, Nilwala, Gin and Mahaweli rivers, originating from the wet zone, are
the major flood- prone rivers in Sri Lanka (Imbulana et al. 2006). Eight districts in the central
highlands are at risk of land slides (Ralapanawe — website). Though tsunamis are not a frequent
disaster in Sri Lanka, in 2004 most of the coastal districts were hit by a tsunami, which caused
severe damage. Information of water-related disasters would be useful to plan for prevention,
mitigation and rehabilitation.

Figure 13. Tsunami affected areas.
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Climate Change

The change in precipitation patterns, caused by climate change, might have a high impact on
the availability and distribution of water resources in Sri Lanka. Climate change may also impact
the rise in sea level and saline water intrusion in the rivers. Information on these subjects
would be useful for adaptation planning.

Multi-lingual Features

The interface of the system will be translated into the Sinhala and Tamil languages to promote
the use of the system at local level (Figure 14).

Figure 14. Sinhala interface of the system.
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Conclusions and Recommendations

The present system for water resources audit is to demonstrate a prototype framework for
organizing, accessing and sharing water resources related data and information. The system
is currently a ‘work in progress’ and only an illustration of what can be achieved. It is envisaged
that through cooperation with national agencies, the system will be enhanced into a unified
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platform for maintaining and sharing data by various participating agencies and will be used
to conduct a systematic assessment of water resources in Sri Lanka. By developing the concept
of a comprehensive and national water audit, Sri Lanka may provide as an example to other
developing countries too.
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Abstract

Fresh water resources in Sri Lanka remain a free public good with the State acting as the trustee
and custodian of the resource. Although the country is blessed with a seemingly plentiful
supply of water, it encounters severe problems of temporal and spatial scarcity. Nearly five
decades of efforts at formulating a national water policy with a view to introducing a bulk
water allocation system have failed mainly due to a lack of understanding of the basic issues
confronting certain elements that constitute the basic policy. This paper presents selected
key themes and issues which help stimulate the formulation and adoption of an improved water
resource policy statement.

The author argues that what is important in the case of water is not the question of
‘ownership’ of water but regulating the user rights of this common property resource, particularly
since such use is always in a state of flux. In the course of its movement in the hydrological
cycle, it can only be owned when it is captured in a receptacle or in an impounding tank or as
treated water in a reservoir and water conveyed in an irrigation channel. But, it is this very
right to abstraction of bulk water from its natural state that is not defined and left to the will
of individuals and agencies — virtually resulting in the creation of a ‘free for all’ situation.
While the domain of water is characterized by over 50 legislative enactments and a plethora of
agencies numbering over 40, there isn’t a single neutral agency to determine the appropriate
balance between the demands for off stream consumption and the volume of water flows needed
by the river system.

The objectives of this paper are: to clarify the meaning of the terms ‘ownership’, ‘user-
rights’, ‘common property rights’, and ‘right to water’; to analyze and suggest refinements to
several water policy themes and issues such as ‘bulk water entitlements’, ‘groundwater
management’ and ‘user conflicts’; to outline the roles of institutions for clarity in implementation;
to suggest elements that should constitute a future water policy. A better understanding of the
issues relating to this finite and vulnerable resource will help clarify the policy concerns that are
constantly overlooked — intentionally or unintentionally - in the domain of water.

Does Sri Lanka have the right water resource policies for the twenty-first century? Such
concerns prompted policymakers to attempt several policy reforms in Sri Lanka’s water domain
during the last five decades. Several United State Agency for International Development
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(USAID) and Asian Development Bank (ADB) efforts culminated in producing a ‘national water
resources policy and institutional arrangement’ document with a water policy approved by
the Cabinet of the Government of Sri Lanka in March 2000. Yet, public concerns expressed on
certain sensitive issues, and the lack of consensus due to the changing hands of the subject
of policy development among various successor ministries, resulted in the demise of this water
policy formulation effort.

Ownership or User Rights

One of the most contentious issues in the national water resource policy process was the
question of ownership. Skeptics alleged that ownership would pave the way for the sale of
the water resource, which should be freely available to the people as a human right. Can
water be owned? Ownership connotes a right to prevent others from using a ‘resource’. Yet
water is a common property resource that is always in a state of flux. In the course of its
movement in the hydrological cycle it can only be owned when captured in a receptacle. It is
best defined as a common property resource, not a state or a private property and, as such,
incapable of being owned. What is the value of expressing ownership for a fugitive and
constantly changing asset? What is relevant is the right to use and acknowledging a human
right to a basic water requirement. Under the Roman Law, the air, the rivers, the sea and the
seashore were incapable of private ownership. This concept of common property, called, the
Public Trust Doctrine maintains that the state holds navigable waters and certain other water
resources as common heritage for the benefit of the people.! The doctrine can prevent the
continued destruction of public waters (Stevens 2003).

Water rights are linked to land ownership. In Sri Lanka, a landowner is regarded as
owning the water underneath his land and consequently has a right to pump all the water
from the common aquifer, thereby lowering the water table. Furthermore, he may use or abuse
all the rain which falls on his land. In Sri Lanka, all the streams that flow across a private land
fall within the public domain. Right to abstract and use surface and underground water should
be subject to a right of reasonable use without a permit. Extraction of water by mechanized
means may not be a reasonable use, for which, a permit requirement should be recognized. A
water right entitles a holder of the right to exclusive use of surface or subsurface (underground)
water for a specified purpose. It does not, however, endorse a right to own the river or
underground water. Consequently, a water right only permits the use of water up to the
permitted quantity. Being a property right, its infringement by external parties can be prevented.

People may have an exclusive right to the use of water, but it can never be ‘owned’ as
it passes through a particular point on its continuous journey through the water cycle. The
government is the custodian of the island’s water resources, as an indivisible national asset

!Issuing its landmark judgment on the Water’s Edge Golf Course Case, in the matter of an application
under Article 126 of the Constitution in S.C. (F.R) No. 352/2007, the Supreme Court declared that the
sovereign lands of a state are held in trust by the state for the benefit of all the people of the country
and ruled that the tract of land acquired for the public purpose of providing water retention as a low
lying area has “to serve needs of the general public as distinct from the elitist requirements of the
relatively small segment of society in Sri Lanka.”
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and has ultimate responsibility for and authority over water resources management, the
equitable allocation and usage of water and the transfer of water between catchments. This
principle recognizes that where resources are limited and the competition is increasing, some
party has to have oversight and custodianship over those resources. This means that the
government is not the legal owner of water but the overall manager of water. Ownership is a
difficult legal concept. Property rights can vary significantly in nature and degree. There is a
difference between right to access / right to use and the ownership of water.

Water rights can be broadly categorized into public, common or private property on the
basis of the decision-making rights of allocation. In public water rights, the government asserts
its rights over water by controlling the allocation directly through government agencies. People
obtain water rights by acquiring water permits, which allow them to use but not own water. In
common water rights, people can use water in ways that are specified by the given community
as seen in many farmer-managed irrigation systems in Asia. Private property rights are those
held by an individual or legal personality such as a corporate body. In some cases, private
rights go beyond mere user rights to include a sale or lease to others as in Chile’s tradable
water rights systems (Ruth Meinzen-Dick et al. 2007).

Is there a human right to water? In 1948, when the Universal Declaration of Human Rights
was adopted, but no explicit recognition of a right to water was made as water like air is so
fundamental to preserve life. The International Covenant on Economic, Social and Cultural Rights
(1966) recognized this right under two articles, namely, article 11 - the right to an adequate standard
of living and article 12 - the right to health. The Committee on Economic Social and Cultural
Rights adopted general comment No.15 in November 2002 in which water is recognized, not only
as a limited natural resource and a public good, but also as a human right.? Although not legally
binding, the right to water requires governments to increase progressively the number of people
with safe, affordable and convenient access to drinking water. Access to basic sanitation is also
included in the right to water. It is noteworthy that the right to water does not mean water is free,
but rather that it be affordable and accessible to all.

Bulk Water Abstraction

Water has to satisfy multiple needs as it flows through a catchment. Currently, there is no
proper bulk allocation system in Sri Lanka. Some large consumptive users allocate water to
themselves. In the current situation, the agency that operates the structures also controls the
water allocation. For example, in the upper reaches of the Kelani River, hydro-electricity
producers control the water releases. At the lower reaches at Ambatale, the National Water
Supply and Drainage Board (NWSDB), which controls the intake structures, decides water
allocation and consequently determines the balance flow for ecological purposes. Wherever
irrigation structures are found, the Department of Irrigation controls the quantity for diversion.

2 The comment provides guidelines for State Parties on the interpretation of the right to water and that
it emanated from and was indispensable for an adequate standard of living as it is one of the most
fundamental conditions for survival. The right to health entails the underlying determinants of health,
inter alia, access to safe and potable water. http://www.unhchr.ch/html/menu3/b/a-cesr.htm.
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The most serious deficiency observed in water allocation has been the tendency by large water
users to allocate water to themselves regardless of the needs of others.

Often, there are inter-agency conflicts, particularly during times of low flow. When
consumptive users such as irrigators, urban water providers, industrial and commercial users
appropriate the scarce surface water, who will ensure the minimum environmental flow for the
preservation of river ecology, fishing and a host of other in-stream uses? The reasons for a
neutral’ State Authority’ involvement in managing water resources are to coordinate the sharing
of water for the benefit of all existing and potential users, whether they obtain their water from
watercourses, underground water or overland flow, and to protect the environment. The
challenge for the proposed authority is to establish a set of allocation principles that are rational
and can accommodate long-term demands.

Do we need to establish a formal water allocation system? Can we meet all our water needs
in the domestic, irrigation, hydropower generation, recreation, navigation and fishery development
sectors? Can we guarantee a basic water requirement to all the people for all the above competing
needs without managing the resource? The dilemma we face as a nation is how to manage our
water bodies in a sustainable manner, so that future generations too will inherit a healthy river
system with the capacity to provide our drinking water needs, capacity to support productive
agriculture and preserve an ecosystem with a diverse range of flora and fauna.

When deciding water allocations, responsible agencies now have to take into account
many more competing demands than in the past. And to this day, about 4.6 million out of the
20 million inhabitants in the country, predominantly those living in the rural areas, do not have
access to safe drinking water (Wickramage 2008). They have to meet their water requirements
from wells and rivers, the quality of which water is questionable. How can universal access to
safe drinking water be ensured unless the freshwater sources are protected from ad hoc
withdrawals by powerful vested interests?

Water use consists of three types: (a) intake uses (b) on-site uses and (c) flow uses.
Intake uses for domestic, agricultural and industrial purposes, actually remove water from its
source. On-site uses include water consumed by the wetlands, swamps, evaporation from
surface water bodies, natural vegetation and wildlife. Flow uses include water for estuaries,
navigation, waste dilution, hydro-electricity, fish and recreational uses. What is important is
to determine whether the allocation for such uses has to be permitted as a ‘free-for-all’ or
whether guidelines should be enforced by a neutral agency. The use of water for primary needs,
like domestic use, and watering of plants and livestock, should be free without the need for a
permit. However, any system of bulk water entitlements is likely to fail if the ‘reasonable user’
categories are not clearly specified in legislation. (Nanayakkara 2003).

User Conflicts

With less water available, the resource harbors a considerable potential for conflict, which
may occur among individuals or community groups who require water for drinking or for
cultivation or for commercial/industrial purposes. While the irrigation sector’s head-end-tail-
end problems are well known, and such conflicts are resolved at cultivation (‘Kanna’) meetings,
there is no arbitrator for water conflicts between drinking or cultivation purposes. Furthermore,
the urban population in Sri Lanka is projected to increase to 45 % by 2015 and 65 % by 2030
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(Presidential Task Force on Housing and Urban Development, 1988, p.4). The expanding water
requirements of growing urban populations are worsening the scarcity of water and seriously
encroaching onto the water resources that were previously devoted to agricultural use,
particularly in the dry zone. A case in point is the Anuradhapura Water Supply Scheme, which
competes with irrigation requirements of the Thuruwila farmers. (Aheeyar et.al. 2008). With
economic growth, new appropriation of water for commercial, agriculture, industrial or hotel
use would disturb the earlier appropriations.

The water crisis in Sri Lanka’s south-eastern arid zone has resulted in communities fighting
with one another for their dwindling water supplies. A recent HARTI (Hector Kobbekaduwa
Agrarian Research and Training Institute) study shows that the water sharing arrangement
practiced in the Kirindi Oya Irrigation and Settlement Project (KOISP) between the ‘old system
farmers’ and the ‘new system farmers’ is a clear example of inequity, where the old system
farmers are provided with 70 % with only the balance for the new system users. While a large
number of small tanks used by the farmers in the new system area were demolished for the
KOISP, the farmers were denied equitable use since a ‘prior appropriation’ right taking
precedence over ‘riparian’ rights (Aheeyar et al. 2008). Furthermore, it is observed that
customary cattle watering places were not recognized in the development of the Kirindi Oya
system (Ruth Meinzen-Dick, 2001). Farmers and pastoral groups in the Kirindi Oya area have
different perceptions on water.

The dry zone is historically a water-stressed region. But what is the situation in the
water-rich wet zone? The following case illustrates an instance of conflict among the farmers
depending on small tank/anicut systems and the beneficiaries of rural village water supply
schemes, for which water is drawn from the same supply source upstream of the small tank.
The townships of Galaha and Deltota in the Kandy District suffer from a severe water shortage
for domestic purposes. The rural water supply schemes are unable to cater to this fast
developing area where human settlements have increased. In order to meet this demand for
domestic water, extraction from Loolkandura Oya has been mooted. However, the farmers in
the Gabadagama area object to any diversion of water from Loolkandura Oya as water from
this stream has been used to cultivate paddy in Gabadagama north and south. In addition the
villagers in Gabadagama obtain their drinking water requirements from this source.’

The absence of any principles for sharing water between upper and lower riparians as
well as between drinking and irrigation purposes has hindered the development planning efforts
of both the Irrigation Department and the NWSDB. Should the ‘prior appropriation” doctrine
prevent any beneficial use by later water users? Clearly, the rapidly growing populations in
Galaha and Deltota townships foster fierce competition for the use of scarce water of the
Loolkandura Oya placing a strain on a fragile and finite resource. Who should get priority of
use during times of shortage? Where, in the balance of competing interests, does natural
justice lie? Climate change and population growth may exacerbate the ever more complex
problems of water abstraction.

3 Information obtained as per interview on May 25, 2009 with Ms. Illangasinghe, Project Director,
Towns South of Kandy Water Supply Project, National Water Supply and Drainage Board.
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There is no mechanism or institutional arrangement for decision making with regard to
bulk water allocation as the above case illustrates. The absence of such a bulk water allocation
policy compels ad-hoc decision-making by reference to political authorities who are dictated
to by pressure groups rather than by any consensus among the stakeholders. It is essential
to develop principles for equitable sharing of water between the upper and lower riparians.

Groundwater Management

A vastly under-valued resource, groundwater, is one of the keys to solving the water crisis,
but lies hidden out-of-public-sight. It represents 97 % of the planet’s accessible freshwater
reserves, and currently supplies innumerable farmers, many industries and 2 billion people
with their daily water needs, and is also an essential source of water for countless springs and
wetlands, for dry-weather flow in the upper reaches of most rivers, and contributes significantly
to species diversity in coastal estuaries. Yet in many nations, unsustainable groundwater
practices are contributing to significant and irreversible damage to the resource base.
Groundwater extraction can be traced in great part to the use of flood irrigation to mass produce
food — the driving factor behind the Green Revolution. Since 1950, the global acreage of land
under irrigation has tripled (Maude Barlow 2007).

A water policy should address not only surface water but also the groundwater resource.
Currently, a doctrine of territorial sovereignty is applied in groundwater extraction, which means
that “what is beneath our feet is ours to use.” Groundwater, though not as visible as surface
water, is ubiquitous in the island’s land mass and its use is rapidly increasing in Sri Lanka,
intensifying smallholder cultivation and improving the standards of living of poor farmers in
the dry zone. The dry-zone farmers lament the lack of water for their crops at the end of the
growing season, because over extraction has dried out aquifers. In some areas, like Kalpitiya
Peninsula, high concentrations of nitrates and agro-chemicals are already being found in the
groundwater (IWMI Water Policy Briefing, Issue 14, p.2). Despite the intense use of agro
wells during the last couple of decades, groundwater use has so far been unregulated.
Ownership of the overlying land should not permit the occupier to pump underground water
through mechanical means. Guidelines should be established prescribing the spacing norms
for pumps and wells.

The groundwater management necessitates proactive intervention because high
abstraction rates and uncontrolled developments require management policies, which strive
to balance the needs and interests of all water users and affected stakeholders in a particular
region. A survey conducted by IWMI revealed that “...in Sri Lanka, some aquifers are already
being pumped dry by the end of the dry season, and some communities have been left without
drinking water.” Furthermore, farmers in the lower reaches of the Hakwatuna scheme in the
Deduru Oya basin, for example, are lamenting that heavy pumping upstream has reduced the
availability of both groundwater and surface water in their area IWMI, Water Policy Briefing,
Issue 14, p.4). Water rights may offer a way for poor irrigators to protect their river water from
being stealthily stolen by wealthy and powerful investors through induced seepage and
reduced base flow caused by heavy pumping.

Over-extraction also has far-reaching economic and environmental effects. Aquifers are
naturally discharged into rivers and other water bodies during dry periods, thereby sustaining
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important wetlands and native vegetation. Because Sri Lanka’s aquifers are shallow, they are
particularly vulnerable to pollution. Safeguarding water quality is vital, especially as 66 % of
rural drinking water comes from open dug-wells (DCS 2008). Additionally, other pollution
problems have also emerged. Several deep tubewells constructed recently to provide drinking
water in the dry zone have been abandoned because of high iron and fluoride concentrations.

The Water Resources Board is mandated to collect, collate, analyze, interpret and
disseminate groundwater-related data in Sri Lanka. All groundwater sources used for domestic
and livestock purposes should be subjected to a detailed water quality analysis at the
implementation of the scheme. The microbiological, physical and chemical parameters should
be included in such a water quality surveillance programme. All wells need to be registered to
monitor trends in groundwater development and its use. Agro-chemical pollution of aquifers
and soil salinization also need to be monitored, particularly in areas where groundwater is
used for drinking and where there is not enough rainfall to flush out salts and other
contaminants (ibid, p.2).

The implications of stream-aquifer connectivity and the need for a conjunctive
management approach are the most under appreciated issues in Sri Lanka. A management
policy should clearly stipulate that groundwater should not be regarded as a resource separate
from surface water. The policy should recognize that both surface and groundwater are
hydrologically connected and are complementary components of a larger single system.

Governance and Institutions

The complexities of water use require that all the players — water users, policymakers and
planners at all levels be actively involved in decision-making, planning and implementation of
water management. Centralized and sectoral approaches to water resource development and
management are insufficient to solve local management problems. The role of government
needs to change to ensure a more active participation from people, local institutions, NGOs
and Community Based Organizations (CBOs). The management of a resource at the lowest
appropriate level requires the fundamental principal of a decentralized approach. Yet, such an
approach would fail if it were to operate in an institutional vacuum. Figure 1 depicts the sectoral
and non-sectoral players at national and sub-national levels that handle various aspects of
the management of water resources.

The quasi-federal character of the Sri Lankan polity after the enactment of the Thirteenth
Amendment to the Constitution has some particular implications for water management. The
confusion governing the allocation of the subject of irrigation within the provincial, central
and concurrent jurisdictions is illustrated in Table 1 by juxtaposing the subjects and functions
assigned to the Central Government and the Provinces. The Provincial Council list empowers
the centre to handle inter-provincial irrigation and land development projects, which utilize
water from rivers flowing through more than one province. It also empowers the centre to
handle all schemes where the command area falls within several provinces, such as the Mahaweli
Development Project.

There is a need for an institutional arrangement at the national level, such as a proposed
National Water Resources Authority (NWRA) capable of defining the overall water policy
directions and adjudicating disputes. The complex functions of a national authority lie in the
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establishment of effective integration of the overall socioeconomic and environmental decision
-making process. Figure 2 depicts the sectoral and sub-sectoral areas dispersed in the domain
of water with a need for a central apex body to provide a system of linkages between existing

organizations, including basin authorities for harmonizing policy approaches.

Figure 1. Institutional setting.

/ National Level
Non-sectoral Players

e  WRC (Proposed)
e NWRA (Proposed)
e CEA

Sectoral Players
e Irrigation Department
e CEB

e  Mahaweli Authority
e NWSDB

e Department of Agrarian
Development

e Department of Fisheries

e NARA"

e  Water Resources Board

Policy formulating body for Water Resource Allocation
Water Rights, Bulk Entitlements

Environmental Quality Standards, EIA Procedure
(Tolerance limits for discharge of effluents into inland waters)

Irrigation development and maintenance
Power generation, transmission and distribution

Water and related infrastructure development in designated
basins; Water panel

(1)  Regulator for drinking water :
(2)  Operator of integrated urban schemes, small town schemes

- Village irrigation
Aquaculture, fisheries management

Aquaculture and fisheries research
Hydro-geological investigations into groundwater

e NAQDA™ Development of aquaculture and inland fisheries

Provincial Level

Provincial Ministry of Irrigation
Provincial Ministry of Local Government

Divisional Level
e Divisional Secretary
e Farmer Organizations

e Local Government Level

Municipal Councils
Urban Councils

Divisional Agricultural Committee, Kanna meetings
O&M of field channels, and distributory channels,
Village irrigation

Urban water supply systems
Unintegrated urban systems, small towns water supply schemes,

Pradeshiya Sabha

Rural water supply schemes

Village level
CBOs/NGOs

-

Community water supply schemes (piped, gravity schemes,
rainwater harvesting schemes.)

" National Aquatic Research Agency

™ National Aquaculture Development Authority
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Table 1.

Competence jurisdiction relating to irrigation in the Thirteenth Amendment.

List 1 - Provincial

List 2 — Reserved

List 3 - Concurrent

9.2 Rehabilitation and
maintenance of minor
irrigation works

19. Irrigation —

Planning, designing,

implementation,

supervision and maintenance

of all irrigation works,

other than irrigation
schemes relating to rivers
running through more than
one province or inter
provincial irrigation and
land development schemes.

National Policy on Irrigation
Rivers and waterways; shipping and 17.1
navigation: maritime zones including
historical waters, territorial waters,
Exclusive Economic Zone and
continental shelf and internal waters;
state lands and foreshore, except to
the extent specified in item 18 of
List 1.

17.2

Inter-provincial irrigation and
land development projects

2.1 Such projects would comprise
irrigation and land
development schemes-

(a) within the province initiated by
the State and which utilize water
from rivers flowing through
more than one province:

a Provincial Council however,
may also initiate irrigation and
land development schemes within
its province utilizing water

from such rivers;

(b) within the province which utilize

water diverted from water systems

located outside the province; and

(c) all schemes where the command

area falls within two or more

provinces such as the Mahaweli

Development Project.

2.2 These projects will be the

responsibility of the Government

of Sri Lanka.

2.3 The Government of Sri Lanka

will be responsible for the

administration and management
of such projects.

Irrigation -

Water storage and
management, drainage
and embankments, flood
protection, planning of
water resources.

Services provided for
inter-provincial land and
irrigation schemes, such as
those relating to rural
development, health,
education, vocational
training, co-operatives
and other facilities.

Source:Damayanthi and Nanayakkara (2008), Impact of the Provincial Council System on the Smallholder Agriculture in

Sri Lanka, Colombo HARTI, p. 21
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Unfortunately Sri Lanka does not have a single water administration, which is responsible
for the freshwater resource, as a whole. But, it does have multiple authorities for the sectoral
aspects of water administration. Where traditions of inter-jurisdictional jealousy and distrust
preclude opportunities for coordination of the economy, fragmentation remains an impediment
to productivity gains. Consequently, the responsibility for the development, apportionment
and management of the freshwater resource is ad-hoc, tentative and confusing.

What does the sectoral organization of society imply with regard to demands on water?
The health authorities are interested in water supply and sanitation to protect against water-
related diseases, high morbidity and mortality. To date, around 6 million inhabitants in the
country have to meet their drinking water requirements from wells and streams, the water
quality of which is questionable. How can universal access to safe drinking water be assured
unless the freshwater resources are protected from ad hoc withdrawals by powerful vested
interests?

The agricultural authorities are responsible for crop production, in ensuring food security,
excessive increasing of water requirements for intensive land use, often leading to land
degradation. Irrigated agriculture claims the lion’s share of the island’s water use, accounting
for over 70 % of total withdrawals. The Central Environmental Authority is responsible for
habitat protection to avoid ecosystem degradation and maintenance of water quality. The
economic development authority is responsible for industrial production, thereby increasing
water requirements, may also leads for generating pollution loads.

In-stream use of water also serves fisheries, transportation and recreation needs.
Although hydro-power is a non-consumptive use, it requires public water allocation through
decisions to build dams and the operating rules that change the flow pattern of rivers. Public
allocations to fisheries, wildlife and navigation are embodied in the restrictions on the
development or withdrawal of water for other uses. The primary challenge in Sri Lanka is, and
will be, how to cope with the rising competition for water between multiple kinds of users in
ways which are equitable, efficient and sustainable.

At the national level, a large number of ministries, departments and public corporations
have responsibilities impinging on water resource management. These institutions, numbering
over 30, perform various functions such as irrigation, drainage, water supply, hydropower and
ecological purposes (Imbulana et al. 2006). Central agencies are categorized according to water
use (irrigation, drinking water, hydro-electricity, forest, land), and each is vested with multiple
functions (policy, regulatory, commercial and conservation). It is easy for an agency to
compromise one function in favor of another. The tunnel-view tendency in each of these
sectoral bodies introduces incoherence in decision-making that explains many of the difficulties
in coping with emerging problems.

Responsibilities for management of the water resources are scattered over different
agencies within provincial, district and divisional administration. The management of some of
the major and medium sized irrigation reservoirs and minor tanks/anicut schemes has been
entrusted to the Project Management Committees/Farmer Organizations with shared
responsibilities. Some of the large reservoirs serving multi-purpose objectives are also managed
by agencies such as the Ceylon Electricity Board, Irrigation Department, National Water Supply
and Drainage Board and the Mahaweli Authority of Sri Lanka. A multiplicity of institutions is
sometimes unavoidable. Water resource, by its very nature is cross sectoral, whereas
administrative arrangements of the government are based on the sectoral approach.
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The above institutions also fall into the category of water users when they function as
service delivery agencies, playing a dual role at the same time. There isn’t an integrated approach
to water resources management or a system that separates development and service delivery
functions of an authority responsible for the management of the resource. There is also a lack
of a legally empowered authority or agency to allocate water for different water users although
the Irrigation Department in certain critical situations assumes such a responsibility.

Future Directions

As a growing population will increase needs and expectations for water use, and as supplies
become further stressed and polluted, the government needs to refocus its approaches to
water management. What could be the elements of such a comprehensive, integrated and
sustainable countrywide water policy? The ensuing policy directions present a number of
principles that can be applied at all levels in the polity. We must acknowledge the doctrine
of reasonable and beneficial use to mean that water must be allocated fairly and used
efficiently. All users should avoid actions that impair the quantity and quality of water
available for other users. This public resource must continue to be managed by the State to
further the benefit of all who live in the country.

Despite public ownership, there isn’t a single custodian for the natural resource. A neutral
agency should determine the appropriate balance between the demands for water for off-stream
consumption and the volume of water flows needed by the river system. The growing
competition for water between irrigation use for food production and domestic use by both
urban and rural dwellers needs to be resolved by a nonpartisan body at the apex, such as the
earlier proposed National Water Resources Authority (Bandaragoda 2006). It should determine
the sharing and allocation of water between multiple kinds of users in ways which are equitable,
efficient and sustainable. Currently, there is no administrator for the water rights system. Like
air, water is a resource that transcends society’s boundaries. Watersheds and aquifers cross
private property borders as well as national, sub-national and local government boundaries.

At the national level, a dilemma has arisen concerning appropriate degrees of
centralization and decentralization of water planning and administration. Water resources
planning and management frequently fail to use the river basin as the natural unit for hydrologic
management, resulting in the inefficient use of water and inadequate concern for in-stream
and ecosystem values. Therefore, it is imperative to recognize the environment as a legitimate
user of water. The maintenance of stream flows in keeping with minimum water levels for in-
stream uses has never been implemented in Sri Lanka. Consequently, environmental concerns
such as the loss of biodiversity, salinity intrusion and seasonal drying up of wetlands have
arisen. A percentage of the flowing water in streams must be dedicated to the environment for
fish and stream reservations.

Many water problems stem from a failure to take an adequately large ‘systems viewpoint’
(like upstream-downstream relationships on major rivers), while day-to-day administration and
public participation call for a more localized approach. The appropriate resolution of this issue
requires delineation of administrative boundaries to conform to river basins. This is a complex
issue that can retard the progress in the implementation of devolved responsibilities as set
out in the Thirteenth Amendment of the Constitution.
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Apart from the creation of a single new institution at the apex, the mandates of existing
sectoral agencies need to be re-examined in order to sharpen the regulatory role of the
government. Furthermore, the roles and responsibilities of the existing water agencies would
have to be re-oriented to reflect their revised mandates of service delivery and to keep such
functions separated from resource management functions, given the unclear and overlapping
nature of institutional roles and responsibilities. The need to separate the policymaking and
regulatory roles from the implementation, operation and service management functions of
institutions is paramount. The mandates of sectoral agencies as structured currently do not
address some important issues such as water sharing, conjunctive use and basin management.

Can our land stewardship be separated from water stewardship? Since the mode of land
use also helps determine the water balance, an integrated view of land and water use must be
taken into account for water management planning. Such planning must presuppose that a
watershed-based approach is adopted, which often cuts across administrative boundaries.
Improved water governance will thus require a revision of the present system, which is a ‘free
for all” system, through the development and enunciation of a shared, comprehensive vision
of water resources. Integrated Water Resources Management (IWRM) assists communities to
improve the ways they share, manage and protect water resources. Groundwater is inextricably
linked and physically connected to surface water and must be managed conjunctively and
sustainably. There is a need to legally recognize the principle that the overlaying property
owner is not vested with a right to private ownership of the groundwater beneath his feet
except to the extent of a reasonable user right.

Because of a general perception of water abundance, Sri Lanka’s laws from colonial times
never reflected any urgency for conservation. Hence, the policy has evolved over the last
two centuries as if water had no cost and there were no limits to its availability. It is an axiom
that there is not enough water in the island to permit every user to do with the resource as he
or she pleases. Like other laws governing scarce things, a water law must encourage desirable
activities and prevent or discourage undesirable conduct. There is an urgent need for a
comprehensive water resources legislation to fill this void of legal regulation.

It is important to recognize that water is not simply a free ‘gift of nature’. In all its
competing uses, water has an economic value. Some form of cost recovery is evident in the
domestic water supply sector, which includes the recovery of operation and maintenance costs
plus the greater part of debt service or depreciation of revenues derived from tariffs. Managing
water as an economic good (certainly not as a commercial good to be traded in the market) is
an important way of achieving equitable and efficient use and encouraging conservation.
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