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   6      Karoo Sedimentary Aquifer

+ +

+ +

+

+

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+

+

+

+

+ +

+

+

+

+ +

+

+

+ + + + +

+ + +

+ +

+

+ +

+

+

+
+

+

+

+ +

+ +

v

v

v

v

v

v

v

v

v

-500

0

-100

-200

-300

-400

100

500m

200

300

400

-600

-500

0

-100

-200

-300

-400

100

500m

200

300

400

-600

SSW

Continental 
Terminal (CT) 

Aquifer

Q

C
ha

ri

Rig Rig

Lower Pliocene 
Aquifer

Quaternary Aquifer

CT Aquifer

CT Aquifer

NNE

Lo
go

ne

Lo
go

ne

Lo
go

ne

To
nd

jil
e

Lo
go

ne

P
en

deBol

Lake Tchad

Hadjer el Khamis
Hadjer Bigli Bongor Bolo GoreN’godeni

N’djamena
Kausseri Yagoua

T

T

K

K

K
T

T

K

K ~PC

~PC

^

^
^

^

^

^
^

^

^

^
^

^^

^

^
^

^

^

^
^

^
^

100 km500

modified from Schneider, J.L., 1985 in OSS, 1997.

   5      Chad Basin
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   4      Iullemeden-Irhazer Aquifer System
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   3      Nubian Sandstone Aquifer System
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   2      Northwest Sahara Aquifer System
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   1      Senegalo-Mauritanian Basin
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Lithological harmonisation draws on available geological information and uses expert knowledge to unify 
differing lithological descriptions. Challenging are large discrepancies in transboundary regions where, due 
to the lack of geological field studies, different geological units have been mapped. The harmonisation appro-
ach contributes to identify such lacunae in our geological knowledge and highlights hotspots needing further 
scientific investigation.

Map A shows the harmonised lithology of the transboundary aquifer system of the Iullemeden-Sokoto-Kandi 
basins in the border region of southern Niger, north-eastern Nigeria and northern Benin. The unitary lithological  
information is fundamental and starting point for the ensuing hydrogeological assessment.

Aquifer productivity map (maps B & C)
The lithology of the uppermost aquifer can be derived from the harmonised lithological maps and allows a 
first differentiation of aquifer types, which is the basis for a productivity classification according to the SLHyM. 
Their categorisation scheme separates on the x-axis aquifers of fissured and intergranular flow. On the y-axis, 
it differentiates between classes of high, moderate and limited productivity, and of no groundwater resources. 
To add a quantitative component to the individual productivity classes, a classification methodology proposed 
by Krásný (1993) was adopted relating qualitative productivity classes to absolute values of transmissivity, 
specific capacity and yield. Available field measurements were used to first categorise the productivity of 
each borehole and then to assign a mean productivity class to each lithological unit (map B). Map C applies a 
slightly modified approach after Nkhoma & Bäumle (2007) and Krásný (1993).

Additionally to a harmonised aquifer lithology, maps B and C present the productivity classes of the upper-
most aquifer for the transboundary regions of the Komadougou-Yobe basin in north-eastern Nigeria and 
south-eastern Niger and of the provinces Salamat and Vakaga in south-eastern Chad and northern Central 
African Republic, respectively.

WHYMAP – a continuous effort
This map represents the current status of WHYMAP´s groundwater mapping efforts in Africa. We would appre-
ciate comments, suggestions and scientific input to contribute to the continuous improvement of the WHYMAP 
products, including the present version of this map. Contact information for the submission of any notes and 
drafts related to this map is available at www.whymap.org.
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are transboundary. Seventy-two transboundary aquifers have been identified in Africa. They underlie 40% 
of the continent, where approximately 30% of the population lives, often in arid or semi-arid regions (Nijsten 
et al., 2018). The number of transboundary aquifers that have been identified has been increasing steadily 
since the first ‘Transboundary Aquifers of the World Map’ was released by BGR and UNESCO in 2006. Since 
then, the delineation of existing transboundary aquifers has been continuously refined and it is likely that new 
transboundary aquifers will still be identified in the future.

Governance and management of transboundary aquifers in Africa
World-wide, management of transboundary aquifers remains challenging as groundwater has been tradi-
tionally considered a national matter. Monitoring of the Sustainable Development Goal (SDG) indicator on 
transboundary waters (indicator 6.5.2) indicates that Africa is one of the continents with the highest proportion 
of transboundary waters under an operational arrangement (UNESCO & UNECE, 2018) including the large 
groundwater resources of the Nubian Sandstone Aquifer System (NSAS), the North-Western Sahara Aquifer 
System (NWSAS), and the Stampriet Transboundary Aquifer System (STAS). A memorandum of understan-
ding was signed in 2014 for the establishment of a consultation mechanism for the Iullemeden, Taoudeni/
Tanezrouft Aquifer System (ITTAS) but has not entered into force yet.

Most operational arrangements related to transboundary aquifers are combined agreements that cover 
both river or lake basins, and aquifers. Given that aquifers and river/lake basins do not necessarily coincide 
(see inset map at the lower left), the most appropriate body to oversee the management of a transboundary 
aquifer may not necessarily be a river or lake basin organisation (if existent). However, these international 
arrangements and institutions play a crucial role in promoting cooperation over transboundary aquifers 
through action programs.

Transboundary, medium-scale hydrogeological maps for improved groundwater management
The drought-prone Sahel region experiences an ongoing and growing demand on groundwater-based water 
supply. Population growth, climate dynamics and global warming have led to increased groundwater extraction 
for drinking water, livestock husbandry, and agriculture. Government, non-government and private organisa-
tions have railed up the exploitation of groundwater resources but lack reliable baseline data on the extent and 
productivity of aquifers. Medium-scale maps provide the necessary hydrogeological information for regional 
planning and strategic groundwater management. BGR prepared such regional hydrogeological maps in West 
and Central Africa in the context of two technical cooperation projects supporting the Lake Chad Basin Com-
mission (LCBC) and the Niger Basin Authority (NBA), respectively. The inset maps above visualise the results 
of the two main processing steps: i) map harmonisation and attribution of lithological units (map A) and ii) 
regionalisation of hydrogeological parameters and assignment of aquifer productivity classes (maps B and C).

Harmonized lithological map (map A)
Fundamental for any regional analysis is a unitary and consistent geological base map. Available geological  
maps differ by scale, detail, extent, and denomination of geological units with particular discrepancies  
occurring in transboundary areas. Harmonisation comprises both spatial and geometric unification along map 
sheet boundaries as well as a semantic generalisation including attribution of lithological units following a 
common classification scheme. The present map follows the hierarchical lithological aggregation scheme of 
the IHME1500 that allows differentiation on five aggregation levels starting with the degree of consolidation 
followed by a taxonomic classification based on main and accessory components. For overview purposes, 
only the main components as recorded in the IHME1500 level 3 are displayed. Based on surface geology 
maps, the resulting map reflects the lithology of the uppermost groundwater bearing layer. To expose the  
solid geology of the uppermost aquifer, cover layers have to be removed from maps depicting drift or  
superficial deposits.

WHYMAP and its current status of groundwater resources mapping in Africa
The World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP) is a joint programme 
consisting of a consortium composed by the UNESCO, the Commission for the Geological Map of the World 
(CGMW), the International Association of Hydrogeologists (IAH), the International Atomic Energy Agency 
(IAEA), the International Groundwater Resources Assessment Centre (IGRAC), and the German Federal 
Institute for Geosciences and Natural Resources (BGR). Its principal aim is to contribute to the world-wide 
efforts to better understand, manage and protect aquifer resources, and to transfer this groundwater related 
information appropriately to groundwater experts as well as to non-experts and politicians.

The present map depicts the current status of WHYMAP´s groundwater resources mapping in Africa, prepa-
red for the 7th Africa Water Week 2018 in Libreville (Gabon). It contains novel features, such as cross-sections 
and regional transboundary hydrogeological maps, bringing together generalised overview maps and regional 
hydrogeological studies, thereby adding additional value by including spatial information at a higher resolution 
in regions where ongoing BGR technical cooperation projects are taking place. These regional mapping acti-
vities methodologically follow the spirit of the development of the International Hydrogeological Map of Europe 
(IHME1500), the only harmonised, pan-European dataset at a scale of 1 : 1 500 000. For the IHME1500, a 
lithological classification scheme was developed at BGR (Duscher et al., 2015) and combined with the Stan-
dard Legend for Hydrogeological Maps (SLHyM) of Struckmeier & Margat (1995). The regional maps transfer 
this European approach to groundwater resources mapping in Africa. These medium-scale maps are a further 
step to regional-scale integrated water resources planning and allow specific analyses, such as vulnerability 
assessments of groundwater resources to climate change and pollution.

The legend of the main map
The legend of the main map above largely follows the SLHyM. However, the legend differs slightly depending 
on the function of the general philosophy and purpose and is adapted to the scale of the map. The concept of 
three main colours has been maintained although their meaning has been slightly changed.

Blue colour is used for large and rather uniform groundwater basins covering about 41% of the African land 
surface (aquifers and aquifer systems usually in large sedimentary basins that may offer good conditions for 
groundwater exploitation). The intensity of blue colour decreases from dark blue in high recharge areas (ge-
nerally more than 150 mm per year) to medium blue (generally between 150 and 15 mm per year) and to light 
blue symbolising groundwater basins receiving very little recharge (generally less than 15 mm per year). This 
latter category is merely suitable for groundwater mining.

Green colour symbolises hydrogeological environments of complex geological structure. These are areas 
in heterogeneous folded or faulted regions where productive aquifers (including karst aquifers) may occur 
in close vicinity to non-aquiferous strata that cover approximately 18% of the land. In these areas remote 
sensing techniques as well as detailed ground surveys coupled with spring and stream flow analysis may 
help identify zones of high yielding aquifers.

Brown colour outlines areas with local and shallow aquifers in which relatively dense bedrock is exposed 
to the surface. In these areas groundwater is comprised to the alteration zone of the bedrock and overlying 
shallow layers of weathered bedrock, which may be productive locally, covering almost half of the African 
territory (41%).

Groundwater and the importance of transboundary aquifers in Africa
Up to 75% of Africa´s population uses groundwater as the main drinking water source, and groundwater is 
important for rural livelihoods, livestock rearing and urban water supply. Most of Africa´s large aquifer systems  

Change of mean annual precipitation between the periods 1961-1990 and 1981-2010River and groundwater basins and transboundary aquifer systems

The change of the mean annual precipitation is based on the land surface precipitation climatology from rain gauges of the  
reference periods 1961-1990 and 1981-2010. Note that the average number of rain gauge stations is higher for the earlier period with 
4328 stations, while this number decreased to 3033 on average for the later one.

Source: Global Precipitation Climatology Centre (GPCC), Offenbach 2017. http://dx.doi.org/10.5676/DWD_GPCC/CLIM_M_V2015_025
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This map depicts the African portion of the Transboundary Aquifers of the World Map 2015 and the Rivers and Groundwater 
Basins of the World Map of 2012. In the more arid regions of Africa the boundaries and size of surface water drainage basins and 
underlying groundwater systems rarely coincide – and the more rational basis for IWRM in such areas is the groundwater basin.

Sources: IGRAC and UNESCO-IHP (2015). Transboundary Aquifers of the World 1 : 50 000 000. Delft, Netherlands.
BGR and UNESCO (2012). Rivers and Groundwater Basins of the World 1 : 50 000 000. Hannover, Paris.
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