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Africa’s water resources are threatened by population growth with the resultant increase
in water demand, the stresses of water use for various activities, desertification, global
warming and climate change, and other interventions in the water cycle by man. These
effects are more pronounced in the Arid and Semi-Arid regions of Africa in particular
and the world in general. It is therefore vitally important that the water resources in Arid
and Semi-Arid regions are developed and managed in a sustainable and integrated
manner.
Integrated management of water resources in the arid and semi-arid regions of Africa
requires a spectrum of efforts from local and community stakeholders to national and
transboundary river basin management. This conference aims at sharing the best practices
of water use and conservation around the globe.
The main objective of this conference was therefore to bring together educators,
researchers, practitioners, managers, policy makers and NGO’s from Africa in particular
and the world in general involved in various aspects of water resources in arid and semi
arid regions. The more specific objectives of the conference were to
(i) Assess the current state of the art of water resources management in arid and semi arid
regions with particular emphasis on African regions.
(ii) Address the future water stress due to limited water resources, population growth,
increasing demand and pollution and other related risks, resulting in insufficient water
supply.
(iii) Promote dialog and interaction between different disciplines and professions.
(iv) Forster insights into issues of global sustainable development and set concrete targets
to meet the need for drinking water and water borne sanitation in arid and semi arid
countries of Africa and the world in general.
We received an overwhelming response to our call for papers. We received over 120
abstracts and each abstract was reviewed and more than two thirds of the abstracts were
accepted. Authors were then requested to submit full text of papers. The full texts of the
papers were reviewed by the conference organizing committee and 68 papers were finally
accepted for conference.
The papers in this book “Water Resources of Arid and Semi-Arid Regions of Africa”
constitute the conference proceedings. This book is subdivided into seven sections.
Section 1 deals with problems in obtaining data. Section 2 deals with groundwater
recharge: natural and artificial; Section 3 deals with Socio economic aspects of water
demand management; Section 4 deals with geophysical, GIS and remote sensing

techniques for groundwater exploration; Section 5 deals with climate change and its
impact on water resources; Section 6 deals with vulnerability and risk assessment and
Section 7 water management.
This book will be of interest to researchers and practitioners in the field of surface
water hydrology, groundwater hydrology, environmental engineering, agricultural
engineering and earth sciences, as well as those engaged in water resources planning,
development and management in arid and semi arid areas. Graduate students and those
wishing to conduct research in hydrology, environmental science and engineering and
water resources will find the book to be of value.
Dr A.R.Tombale
Permanent Secretary
Ministry of Minerals, Energy and Water Resources, Botswana
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Sustainable water management in arid and
semi-arid environments
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ABSTRACT: Scarcity of water often leads to its non-sustainable use. The
globally most widely spread non-sustainable practices are overpumping of
aquifers, drying up of wetlands and soil salination on irrigated land. Only
with much more careful management of scarce resources sustainability in
the long term can be reached. Modeling is a valuable tool in the analysis
of management options and scenarios. New types of data from remote
sensing, airborne geophysics, and environmental tracers to name a few
allow reaching a new quality of prediction. Three field studies illustrate
the points.

1 INTRODUCTION
Fresh water is a scarce resource on a worldwide basis. This becomes apparent when
looking at the basic items of the global freshwater balance (Postel et al., 1996). Of the
110,000km3/a of precipitation on the landmass of the earth, 50,000 are returned to the
atmosphere via evapotranspiration by the planet’s natural plant cover. Another 21,000 are
used by man-made ecosystems (18,000km3/a by rain fed agriculture and 3,000km3/a by
irrigated agriculture). This shows that agriculture and natural vegetation are already fierce
competitors for the available freshwater. Of the accessible runoff of 13,000km3/a about
4,000 are appropriated by mankind. 70% of those go into irrigated agriculture. This
means that a global water crisis would above all be a global crisis in food production.
Compared to the 13,000km3/a available the abstracted 4,000 appear small. One should,
however, not forget that these figures are averaged in time and space and therefore hide
the real problem, e.g. droughts and floods. One can still use the ratio a of withdrawals
and available renewable resources as an indicator. Due to the variability of the quantities
involved, it is the experience that a value of a>0.4 already reflects severe scarcity. On a
global scale a=0.31 is found (Alcamo et al., 2003). This indicates that scarcity on a global
level is a reality today, with the arid world already experiencing very severe scarcity
problems.
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2 SUSTAINABILITY
Sustainable water management is a practice, which avoids irreversible or quasiirreversible damage to the resource water and other natural resources linked to it, such as
soil and ecosystems. Such a practice conserves the ability of the resource water to
provide its services including ecological services. Water scarcity and poverty are often
the causes of non-sustainable behavior as they lead to overexploitation and depletion of
stocks.
What are the relevant issues for global sustainability in the water sector? To identify
big and possibly existential problems for whole regions we have to look for ubiquitous
negative global trends. In that sense there are a number of non-sustainable practices,
which are of global importance. Above all, these are
– the overpumping of aquifers,
– the destruction of wetlands,
– the salination of soils, and
– the pollution of aquifers with persistent pollutants.
Globally about 800km3/a of freshwater are abstracted from aquifers. About one quarter of
this abstraction is non-sustainable in the sense that it is not replaced by recharge, i.e. it is
taken out of the available stock. On the Arabian Peninsula, in North Africa, China and the
arid Western United States for example, abstractions for large-scale irrigation have
withdrawn large quantities of fossil water, which under present climatic conditions are
not replenished any more.
The global area of wetlands has diminished by 50% since the year 1900. This has a
dramatic impact on species diversity. It is a consequence of the competition between
natural and man-made ecosystems for land and water resources. The tendency is
unbroken.
Of the 260 million ha of irrigated farmland in the world about 80 million are affected
by soil salination. Salination is a common phenomenon in hot climates. It occurs if in a
soil more salt is deposited by evapotranspiration than is removed by drainage. In irrigated
agriculture, the most common mechanism leading to salination is the groundwater table
rise due to seepage of irrigation water. Once a groundwater table is closer than 2m to
ground level, capillary rise leads to direct evaporation from groundwater and to fast
salination of the topsoil.
Finally, there is the deterioration of groundwater quality by persistent pollutants. One
might expect that among those chlorinated hydrocarbons are the most important. This is
only true for industrialized countries while globally the most prominent pollutant is salt,
especially in arid regions and coastal areas, where seawater intrusion occurs.
In principle, all these violations of sustainability are reversible. But the required timescales are on the order of several generations. For all practical purposes these damages
are irreversible.
In the following, three examples from projects of the Institute of Hydromechanics and
Water Resources Management are shown, illustrating the first three globally important
sustainability problems. The common features of these examples are that
– there is water scarcity (all three areas are in arid or semi-arid climate zones),
– a model is developed to analyze and understand the system,
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– the model is used for the testing of management strategies and/or for optimization, and
finally
– the connection is made to the field of socio-economics.

3 OVERPUMPING OF THE NORTH-WEST SAHARA AQUIFER
SYSTEM
The North Western Sahara is underlain by one of the world’s largest aquifer systems,
which covers approximately 1,000,000km2 and consists of two major aquifers, the deeper
Continental Intercalaire (CI) and the shallower Complexe Terminal (CT) (Fig. 1). Their
water resources are being utilized by the three countries Algeria, Tunisia and Libya
mainly for irrigation purposes. The system nowadays hardly receives any recharge. At
most 30m3/s are estimated as recharge

Figure 1. Overview of the NorthWestern Sahara aquifer system and its
water balance.
along the southern flank of the Saharan Atlas where the aquifers strike out (ERESS,
1972). Compared to the size of the system, this recharge flux is—if at all—only of
importance locally. The system discharges mainly via the sink of the Chotts or salt lakes,
which are the topographic lows of the endorrheic basin. Here approximately 10m3/s
evaporate. A very small portion of no more than 5m3/s is thought to discharge to the sea
in Libya.
Until 1950 abstractions were small. Since then the population has tripled and with it
the amount of water pumped for irrigation. An estimated rate of 180m3/s is abstracted
today. As a consequence the large springs in the vicinity of the Chotts have run dry (Fig.
2). Artesianism has vanished over large areas and the water, which before flowed at no
energy cost, now has to be pumped.

