
Transboundary 
Water Resources 
Management

Edited by Jacques Ganoulis, 
Alice Aureli and Jean Fried

A Multidisciplinary Approach





57268
File Attachment
Cover.jpg





Edited by

Jacques Ganoulis, Alice Aureli,

and Jean Fried

Transboundary Water

Resources Management



Related Titles

Gupta, S. K.

Modern Hydrology and Sustainable Water Development
2011

ISBN: 978-1-4051-7124-3

Fung, F., Lopez, A., New, M. (eds.)

Modelling the Impact of Climate Change on Water Resources
2011

ISBN: 978-1-4051-9671-0

Sipes, J. L.

Sustainable Solutions for Water Resources
Policies, Planning, Design, and Implementation

2010

ISBN: 978-0-470-52962-1

Moksness, E., Dahl, E., Støttrup, J. G.

Integrated Coastal Zone Management
2009

ISBN: 978-1-4051-3950-2

Heathcote, I. W.

Integrated Coastal Zone Management
Principles and Practice

2009

ISBN: 978-0-470-37625-6

Hoekstra, A. Y., Chapagain, A. K.

Globalization of Water
Sharing the Planet’s Freshwater Resources

2007

ISBN: 978-1-4051-6335-4



Edited by
Jacques Ganoulis, Alice Aureli, and Jean Fried

Transboundary Water Resources
Management

A Multidisciplinary Approach



The Editors

Prof. Dr. Jacques Ganoulis
UNESCO Chair and Network INWEB
Aristotle University of Thessaloniki
Department of Civil Engineering
Division of Hydraulics and Environmental
Engineering
54124 Thessaloniki
Greece

Dr. Alice Aureli
UNESCO
International Hydrological Programme
1, rue Miollis
75732 Paris
France

Prof. Dr. Jean Fried
University of California Irvine
School of Social Ecology
Irvine, CA 92697-7050
USA

All books published by Wiley-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information contained
in these books, including this book, to be free of
errors. Readers are advised to keep in mind that
statements, data, illustrations, procedural details or
other items may inadvertently be inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the
British Library.

Bibliographic information published by
the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this
publication in the Deutsche Nationalbibliografie;
detailed bibliographic data are available on the
Internet at http://dnb.d-nb.de.

# 2011 Wiley-VCH Verlag & Co. KGaA,
Boschstr. 12, 69469 Weinheim, Germany

All rights reserved (including those of translation into
other languages). No part of this book may be
reproduced in any form – by photoprinting,
microfilm, or any other means – nor transmitted or
translated into a machine language without written
permission from the publishers. Registered names,
trademarks, etc. used in this book, even when not
specifically marked as such, are not to be considered
unprotected by law.

Cover Design Adam Design, Weinheim
Typesetting Thomson Digital, Noida, India
Printing and Binding

Printed in Singapore
Printed on acid-free paper

Print ISBN: 978-3-527-33014-0
ePDF ISBN: 978-3-527-63667-9
ePub ISBN: 978-3-527-63666-2
mobi ISBN: 978-3-527-63668-6
oBook ISBN: 978-3-527-63665-5



Foreword: Transboundary Water Management
A Multidisciplinary Approach

For centuries, political and strategic considerations have been the major drivers
behind the delineation of boundaries across the globe. Mountains, rivers, lakes and
entire ecosystems (not to mention human settlements) have been assigned to the
jurisdiction of different states, provinces and other administrative entities with little
regard to their environmental cycles or effective management. Yet natural resources,
and freshwater in particular, know no man-made boundaries, and indeed require
internationally coordinated actions to be sustainably and effectively managed. It is
only in recent years that transboundary waters, both surface and groundwater, have
taken centre stage in international dialogue, as issues of water and food security
force policy makers to take a more holistic view. Climate and global change are
rapidly placing added pressures on the world�s water reserves and the time has come
to strengthen cooperation and build peace amongst states.

UNESCO�s mission to �contribute to the building of peace, eradication of poverty,
sustainable development and intercultural dialogue through education, the sciences,
culture, communication and information� is achieved fully through its international
water initiatives coordinated by the UNESCO International Hydrological Pro-
gramme (IHP). UNESCO-IHP, established in 1975, is the only global scientific
intergovernmental programme of the UN system devoted entirely to water
resources, emphasizing the formulation of policy-relevant strategies for their sus-
tainable management. Through its ISARM (Internationally Shared Aquifer
Resources Management) and PCCP (From Potential Conflict to Cooperation Poten-
tial) programmes, UNESCO provides Member States with high level expertise and
knowledge and assists them in the elaboration of policies for the sustainable
management of transboundary waters.

Transboundary Water Management, edited by J. Ganoulis, A. Aureli and J. Fried, is
the result of several years� of research in the field of international water resources.
The UNESCO Chair that coordinates the International Network of Water-Environ-
ment Centres for the Balkans played an important role in organizing both the
compilation of existing knowledge and the elaboration of sound policy recommen-
dations. It is with great pleasure, therefore, that I welcome the publication of
this title and commend it to Member States. A multidisciplinary approach to the
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management of shared natural resources is indeed paramount to finding solutions
to multi-faceted challenges and I trust that future water managers, policy-makers
and academics will find pleasure in reading this publication as well as benefit from
its findings.

Gretchen Kalonji
UNESCO Assistant Director-General
for Natural Sciences
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Preface

This book uses the term �transboundary waters�, as in Transboundary Waters
Resources Management (TWRM), to mean waters crossing the borders of different
riparian countries, which therefore are by definition countries sharing common
surface and/or groundwater resources. The term is synonymous with
�internationally shared waters� and is in accordance with the terminology used by
UNESCO in its international hydrological initiatives, such as the UNESCO/ISARM
(Internationally Shared-Transboundary-Aquifer Resources Management) and the
UNESCO/PC-CP (Potential Conflict-Cooperation Potential) programmes. It is con-
sidered to be a better choice than other similar expressions such as �international
waters�, �multinational waters� or �regional waters�, and avoids misunderstandings
due to political sensitivities over national sovereignty in regions located near the
borders.

�Boundaries� may also exist with different connotations between administrative
regions or between cultural or ethnic entities located within the same country. In
these cases both surface waters (rivers and lakes) and groundwaters (aquifers) may
involve different administrations or various communities and their shared manage-
ment should aim to resolve issues of potential regional or local conflicts in terms of
water needs, water quality, environmental preservation or differences in legislation
and economic issues. When the boundary is international and waters cross the
borders of different riparian countries, then TWRM faces the major challenge of
potential political conflicts and even war. The main issue in this case is how to
convert these potential conflicts into collaborative actions. Such global TWRM
challenges and general tools with which they may be addressed are explained in
Part I: A Global View.

The book aims to serve as a practical guide for enhancing models of collaborative
activities between riparian countries. In this context �collaboration� means the active
involvement of partners and institutions from both sides of the border, which
includes exchange of information, interaction and dialogue between partners, in
order to reach common decisions and find unified solutions to TWRM problems. In
this sense, �collaboration� is considered to be a more advanced stage of �cooperation�
or �coordination�. The first step in cooperation can be achieved by a simple exchange
of information with no further interaction between partners; this may be called
�passive cooperation�. A more advanced second step is engaging in dialogue and
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developing a consultation process; this may be called �coordinated cooperation� and
is a prerequisite condition for the third step, which is �active collaboration�. Only
with active and effective collaboration can sustainable governance of transboundary
water resources be achieved.
Since there is no single universal model for a collaborative approach to TWRM,

this book presents an analysis of various effective models illustrated by case studies
from around the world. Even though case studies are particular and not easily
transferred to different situations, they are very helpful in showing relationships
between different more or less independent variables, such as physical, hydrologic,
hydrogeological, ecological, socio-economic conditions, institutional structures, sta-
keholders participation, legal agreements and political willingness. Themain depen-
dent variable that emerges from this process is the need for active collaboration and
effective governance in TWRM.
Models of collaborative actions in TWRM depend on the approach used, for

example, whether the model is developed by a particular scientific discipline, by a
professional community or by different kinds of scientists.
For engineers, hydrologists, hydrogeologists or environmental professionals

emphasis is placed on modelling the physical and ecological transboundary
hydro-systems in terms of (i) delineating their natural borders (hydrologic basins
for transboundary rivers and lakes or hydrogeological boundaries for groundwater
aquifers), (ii) analysing relationships between physical and ecological variables such
as precipitation, river flow, pollutant inputs, lake water quality, biodiversity or
groundwater recharge and (iii) suggesting structural or non-structural measures
in order to obtain solutions and improve TWRM. These models, conceptual or
mathematical, are more or less accurate subject to data availability and precision and
various assumptions and simplifications in modelling. They are useful for under-
standing how the physical and ecological transboundary systems behave under
natural and anthropogenic inputs in terms of water quantity and environmental
impacts. These kinds of models for transboundary aquifers, lakes and rivers are
presented in Part II: Physical, Environmental and Technical Approaches.
For lawyers and social scientists (geographers, economists, sociologists) emphasis

is placed on human factors, which can be very complex and difficult to analyse or
predict, such as institutional cooperation, stakeholder participation and negotiation
strategies. For lawyers the emphasis is on regulating provisions and duties of
riparian countries in terms of access, utilization, protection, preservation and
management of transboundary waters. The codification of such legal rules is very
useful to the international community, even though this process may be somewhat
general and unable to cover all specific cases. The main challenge is whether
different national administrations will agree to implement international rules at
the national level and at the same time coordinate their activities with riparian
countries through bilateral or regional collaborative agreements. This challengemay
be faced by raising public and stakeholders� awareness in participatory processes
involving national institutions, academic partners and international organizations.
All these approaches are presented in Part III: Legal, Socio-Economic and Institutional
Approaches.
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In the real world all the above issues and approaches coexist and are interrelated.
To achieve effective TWRM these models, whether descriptive or prescriptive,
should merge. In Chapter 8 of Part IV: Bridging the Gaps, two main strategies for
achieving such integration are presented: (i) through effective capacity building and
training in TWRM and (ii) by analysing a general framework of conflict resolution,
based on how riparian countries may share benefits and risks. Both these strategies
are supported by UNESCO�s ISARM and PC-CP programmes.

The main contents of the book are based on updated papers first presented at the
�IV International Symposium on Transboundary Water Management�, Thessaloniki,
Greece, October 2008. Recommendations of this Conference on how to bridge
the gaps are summarized in the �Thessaloniki Statement�, which is reported in
Chapter 9 of Part IV.

I am very grateful to all authors and contributors to this book for their excellent
collaboration during and after the conference. Personally and on behalf of my co-
editors, Alice Aureli and Jean Fried, I would like to thank Dr. Frank Weinreich,
manager ofWiley-VCHWater & Environmental books programme, for giving us the
opportunity to publish this book, and to Lesley Belfit, Project Editor at Wiley-VCH,
for her help with the publication process. My appreciation and special thanks go to
Katie Quartano at the UNESCO Chair, Aristotle University of Thessaloniki, for her
professional contribution to the reviewing and proofreading processes.

Thessaloniki, Greece Jacques Ganoulis
January 2011
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