
Preface

In the context of regional geodynamics, the Geology of Ethiopia is the result of
complex orogenic evolution that involves: terrain accression and collision in
Precambrian; peneplanaton, glaciations, and Gondowana breakup in Paleozoic;
cyclic marine transgression and regression events leading to accumulation of
multilayered sedimentary rocks in Mesozoic; huge continental flood basalt erup-
tion and formation of rift valley in Cenozoic and sedimentation, and deep incision
of river valleys and pluvial-interpluvial sediment accumulation in Quaternary.
These mega events have left distinct imprints on landscape, hydrology, and
groundwater occurence in Ethiopia.

Why this book?

(a) Evolution in geological knowledge provides new hydrogeological knowledge
How much we know about hydrogeology and groundwater resources potential
depend as much on the knowledge of geology. The unique and extensive flood
basalts of Ethiopia, the closed basin lakes and associated sediments, and the
unique setting of the Great East African Rift attracted several international and
national geo-scientific researches in disciplines ranging from global geody-
namics, rift evolution, paleo-climate re-construction, and so on. Knowledge in
the geosciences of Ethiopia has evolved so much, so that it necessitates a
commensurate updating of hydrogeological framework of Ethiopia. Over the
last five decade alone over 3,500 scientific papers have been published
regarding the geology, geodynamics, tectonics, geomorphology, magmatism,
hydrology, hydrogeology, and environment.1 A rapid look at the scientific
literature shows how the knowledge and insight on geology of Ethiopia have

1 The number of the published scientific literature is estimated from searching for published
works on Ethiopia via ‘ScienceDirect’. ScienceDirect is one of the largest online collections of
published scientific research in the world. The term ‘Ethiopia’ and ‘Geology’ has been entered
and the search result gives 3,500 articles on the end of 2010. The total number of published works
is estimated to double this size if other portals such as Springer Link, Tylor-Francis, Wiley etc.,
were included.
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evolved and widened. Table FM.1 provides some of the evolution in knowl-
edge of geology. This evolution provides an opportunity to update the
knowledge on groundwater resources of Ethiopia. The book aims to provide
updated and detailed scientific context to the hydrogeology of Ethiopia.

(b) Evolution in paradigm of hydrogeology Groundwater resources assessment
which started in the 1960 and continued to recent time evolved under the
paradigm of steady state. Ground water occurrence mapping and potential
assessment sufficed for the purpose. Currently, the prevailing paradigm is that
of quantifying aquifer response to changes in climate and human-induced
forcing (pumping, land use changes) and maximizing the resources use sus-
tainably. ‘Water-centered development’ is explicitly seen as the entry point for
growth and poverty eradication in Ethiopia. Increasingly, water resource
development is integrated with economic development and land use planning.
Groundwater is of paramount importance for Ethiopia to supplement the
available surface water resources in providing drinking water to its population
and for socio economic development (agriculture, livestock, industry, tour-
ism). The usability of groundwater resource in addition to its intrinsic prop-
erties such as water quality and vulnerabilities can be affected by the
suitability of the system which intends to use it. For example, in Afro Alpine
agro-climatic zone the usability of the available groundwater is limited by
availability of soil, topography, climate, and so on. Therefore, groundwater
resources availability alone cannot lead to its intensive use unless the avail-
ability is linked to other external factors such as land use planning, agro-
ecology/climate, and accessibility by existing technology. In this book,
attempt has been made to increase the scope of groundwater resources
assessment beyond the mere description of aquifers to viewing the role of
groundwater in other cross cutting issues such as climate change adaptation,
poverty reduction, investment opportunities, urban planning, groundwater
dependent ecosystem, and so on.

(c) Groundwater as strategic resource Over the last decade groundwater devel-
opment has become a new phenomenon. It has become source of domestic
water for growing urban population. It has become of paramount importance
in rural areas. There are several reasons why groundwater is of paramount
importance in rural areas: Groundwater is generally cheaper to develop rela-
tive to alternatives; aquifers are able to offer natural protection from con-
tamination; and groundwater offer reliability of supply and a buffer against
drought. For irrigation the benefits of controllability are also significant,
allowing efficient and flexible in field application on demand. This is a key
reason why yields from groundwater irrigated areas are typically much higher
than under surface water schemes. Groundwater is the only practical means of
meeting rural community in arid and semi-arid regions of Ethiopia, and note
that groundwater also supplies many urban centers including the capital city
Addis Ababa. In this regard, future development of settlements and urban
centers in Ethiopia are highly dependent on the potential of nearby aquifers to
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meet ever increasing demand from population growth and industries. In rural
poverty reduction, groundwater is an important credit. There is an increasing
shift of paradigm: hydrogeological mapping for specific project site (e.g. water
supply of a village, a city) loaded with science jargons (transmissivity, stor-
ativity, extent of aquifer, water quality, recharge rate, etc) to a new paradigm:
groundwater use for development and economic growth, groundwater as
strategic resource, groundwater in poverty reduction, and groundwater has
environmental function. This necessitates the need of value chaining hydro-
geological knowledge, i.e., provision of policy, practice, and management
relevant information on groundwater resources. Such policy relevant infor-
mation include maps such as: drought proof maps, recharge mechanism maps,
aquifer vulnerability maps, water poverty indicators for regions, water avail-
ability maps, and so on. This book aims to provide such management relevant
information on groundwater resources of Ethiopia.

(d) Groundwater as environmental water Groundwater is ecologically important.
The importance of groundwater to ecosystems is often overlooked, even by
freshwater biologists, and ecologists. Groundwater sustains rivers, wetlands
and lakes, as well as subterranean ecosystems within karst or alluvial aquifers.
While there are other terrestrial ecosystems in more hospitable environments
where groundwater plays no central role, groundwater is, in fact, fundamental
to many of the world’s major ecosystems. Water flows between groundwater
and surface waters. Most rivers, lakes, and wetlands are fed by, and (at other
places or times) feed groundwater, to varying degrees. Groundwater feeds soil
moisture through percolation, and many terrestrial vegetation communities
depend directly on either groundwater or the percolated soil moisture above
the aquifer for at least part of each year. Hyporheic zones (the mixing zone of
stream water and groundwater) and riparian zones are examples of ecotones
largely or totally dependent on groundwater. This book provided compre-
hensive account on groundwater dependent ecosystems including their origin,
groundwater surface water relation, and specific roles of groundwater.

Seifu Kebede
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