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Groundwater Modelling in Arid and Semi-Arid Areas

Arid and semi-arid regions face major challenges in the management of scarce freshwater

resources under pressures of population, economic development, climate change, pollution and

over-abstraction. Groundwater is commonly the most important water resource in these areas.

Groundwater models are widely used globally to understand groundwater systems and to guide

decisions on resource management and protection from pollution. However, the hydrology of

arid and semi-arid areas is very different from that of humid regions, and there is little

guidance on the special challenges of groundwater modelling for these areas. This book brings

together the worldwide experience of internationally leading experts to fill this gap in the

scientific and technical literature. It introduces state-of-the-art methods for the modelling of

groundwater resources and their protection from pollution. It is illustrated with a wide-ranging

set of examples from a variety of regions, including India, China, Africa and the Middle East.

The book is valuable for researchers, practitioners in developed and developing countries, and

graduate students in hydrology, hydrogeology, water resources management, environmental

engineering and geography.
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principal expertise lies in the development of mathematical models to describe flow and transport

of reactive contaminants in porous and fractured porous media. Dr Mathias has worked on a broad

range of applications including vadose zone transport of nutrients in fracture rock systems, plant

uptake of radionuclides, aquifer characterisation studies, buoyancy-driven flow problems, CO2 geo-

sequestration and hydraulic fracture propagation. He has published widely in international peer-

reviewed journals. DrMathias is an elected committee member of the British Hydrological Society.
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international hydrology series

The International Hydrological Programme (IHP) was established by the United Nations Educational, Scientific and Cultural

Organization (UNESCO) in 1975 as the successor to the International Hydrological Decade. The long-term goal of the IHP is to

advance our understanding of processes occurring in the water cycle and to integrate this knowledge into water resources management.

The IHP is the only UN science and educational programme in the field of water resources, and one of its outputs has been a steady

stream of technical and information documents aimed at water specialists and decision makers.

The International Hydrology Series has been developed by the IHP in collaboration with Cambridge University Press as a major

collection of research monographs, synthesis volumes and graduate texts on the subject of water. Authoritative and international

in scope, the various books within the series all contribute to the aims of the IHP in improving scientific and technical knowledge of

freshwater processes, in providing research knowhow and in stimulating the responsible management of water resources.
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Preface

Arid and semi-arid regions present special challenges for water

management. They are, by definition, areas where water is at its

most scarce, and face great pressures to deliver and manage

freshwater resources. Demand for water has increased dramatic-

ally, due to population growth, increasing expectations for

domestic water use, and expansion of industrial and agricultural

activities. Available water resources have been reduced by

pollution and over-abstraction. Many of the world’s arid regions

are further threatened by climate change. In addition, the science

base to support water management remains limited. Hydrological

processes can be very different from those of humid regions,

precipitation and flow exhibit extreme variability in space and

time, and data are often restricted in spatial coverage, record

length and data quality.

UNESCO has identified, within the International Hydrological

Programme, a special need to exchange knowledge on scientific

aspects of water resources (with respect to both quantity and

quality) in arid and semi-arid lands, and is supporting a number

of regional centres to promote exchange of information and

dissemination of good practice. At the global level, UNESCO

has initiated G-WADI, a Global network for Water and Develop-

ment Information for arid lands. Information on G-WADI products

and a news-watch service can be found on the G-WADI website

(www.gwadi.org). G-WADI aims to facilitate the global dissem-

ination of state-of-the-art scientific knowledge and management

tools, and to facilitate the sharing of scientific and technical

knowledge and management experience of new and traditional

technologies to conserve water.

With the support of UNESCO and the UK Government,

the first major G-WADI event was held in Roorkee, India, inMarch

2005, focusing on the surface-water modelling tools required to

support watermanagement in arid and semi-arid areas. The strategy

was to bring together theworld’s leading experts to provide lectures

and tutorials on this topic. This resulted in a book in the Inter-

national Hydrology Series, Hydrological Modelling in Arid and

Semi-Arid Areas, published by Cambridge University Press in

late 2007.

Groundwater is commonly the most important water resource

in arid areas, but is particularly difficult to quantify in terms of

sustainability, and almost universally suffers from problems of

over-abstraction, declining water tables and degradation of water

quality. Hence, a second event was held in Lanzhou, China, in

2007, focusing on groundwater modelling in arid and semi-arid

areas, and attended by 56 participants from 22 countries.

The aims of the workshop were:

1. to bring together the world’s leading experts in arid zone

groundwater modelling to deliver a definitive set of lectures

and case studies to an audience of active researchers from

the world’s arid regions;

2. to draw on the experience of the workshop participants in

developing this material and to consider recommendations

for future activities;

3. to make this material available to the global community

through UNESCO and in particular the G-WADI website

(www.gwadi.org);

4. to stimulate follow-up activities, regionally and globally.

The material from this workshop provides the content of this

book. It brings together state-of-the-art information on ground-

water data, modelling and management, specifically focused on

the challenges of arid and semi-arid areas, and we can say with

confidence that the authors represent some of the world’s most

distinguished authorities.

The structure of the book is as follows:

Chapter 1 describes the context for groundwater management

in arid and semi-arid areas, including historical development and

current pressures, and the associated needs for modelling, and

provides a summary of the book content and structure. Chapter 2

provides a review of some of the special hydrological features

of arid areas, with a particular focus on groundwater recharge

processes, and examples from the Arabian peninsula. Chapter 3

introduces isotopic and geochemical methods as important sources

of information and insight into groundwater systems, with case

studies from Africa and the Mediterranean. Chapter 4 provides an

ix
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overview of groundwater modelling, including the treatment of

spatial variability, calibration and uncertainty, and Chapter 5

illustrates the application of geostatistics to an Indian case study.

Groundwater source protection is discussed in Chapter 6, and

Chapter 7 provides a comprehensive discussion of the problems

of density-dependent groundwater flows associated with salinity

effects. Finally, Chapter 8 addresses sustainable water manage-

ment in arid and semi-arid regions, with case studies from North

Africa, Southern Africa and China.

x PREFACE

www.cambridge.org/9780521111294
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-11129-4 — Groundwater Modelling in Arid and Semi-Arid Areas
Edited by Howard S. Wheater , Simon A. Mathias , Xin Li 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Acknowledgements

The editors particularly wish to thank the contributors to the

book for their enthusiastic input to both the workshop and the

book, the sponsors of the workshop, without whom none of this

activity would have been possible, and the workshop attendees,

who provided an informed audience and helpful feedback. Financial

support for the contributors, regional representatives and inter-

national organisation was provided by UNESCO’s International

Hydrology Programme and the UK Government’s Department

for International Development. We are indebted to the Cold and

Arid Regions Environmental and Engineering Research Institute,

Lanzhou, who provided local organisation and superb hospital-

ity. Support for participants from the Asian region to attend the

workshop was provided by UNESCO’s regional offices in Delhi

and Tehran.

xi

www.cambridge.org/9780521111294
www.cambridge.org

