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Quantitative maps of groundwater resources in Africa: 
supplementary material 2 
 

1. Introduction 

Below is the database of aquifer studies used to develop the quantitative groundwater maps of Africa.  
The details of the systematic review used to identify and classify the studies are also given. 

2. Search criteria 

Most of the studies identified by the review were found from an extensive web search using several of 
the main search engines – Web of Science, Science Direct, Google scholar, Google books and 
Google.  The search was conducted during August 2010, therefore studies published after that date 
may not have been included.  Each search generally identified between 5 000 and 30 000 hits. Aquifer 
properties studies were identified from the web search results, using the following sifting approach: 

 the title of item included the word “groundwater” or directly relates to groundwater potential, 
aquifers or aquifer parameters 

 AND the title of item includes, or refers to, a geographic location or aquifer in Africa 
 AND the item is within published scientific literature, or downloadable grey literature (e.g. a 

United Nations report, or a USGS technical document) 

An initial sift of the studies identified was used to exclude any reports which did not:   

 contain at least some information (qualitative or quantitative) relating to aquifer properties 
 AND include some description of the geology  

In addition to the web search, aquifer properties data studies and databases (e.g. regional yield 
databases) were identified within grey literature (e.g. BGS field data reports, country water ministry 
reports) through individual researchers and organisations known to the project team.  The same 
inclusion criteria were applied to the results of these more focused searches, as were to the web 
searches (see above).   

In total152 suitable aquifer studies were identified in peer-reviewed and grey literature from which 
283 aquifer datasets were compiled. 

 

3. The confidence criteria 

A confidence rank was applied to all studies included within the review using set criteria (Tables 1 
and 2).  Due to the scarcity of T and S data within Africa, both yield data (used as a proxy for T) and 
qualitative review studies  have been included within this review.  Separate confidence criteria were 
applied to accommodate the qualitative and quantitative data types reviewed.  In general, highest 
confidence was assigned to the data studies which provide reliable quantitative aquifer properties data 
(T and S), and regional qualitative review studies with a strong evidence-base.   
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Table 1. Confidence criteria applied to data studies. 

Confidence Criteria 
 

High 1 
 
 
 
 
 
 
 

Aquifer properties data (T and S) are derived from controlled pumping tests (>5 hr 
duration) with observation boreholes  

Large sample base (>20 sites) 
Good description of field methods, including raw data 
Description of site including geology and source 
 
Plus any of the following: 
Inclusion of yield data within study, as a proxy comparison to pumping test data 
Recent study (T, S estimates <10 years old) 
 

High-
Medium 2 

Aquifer properties data (T only) are derived from controlled pumping tests >5 hr 
duration, but no observation boreholes 

Large sample base (>20 sites) 
Good description of field methods 
Description of geology and source 
 
Plus any of the following: 
Raw pumping test data 
Comparison of study results, to other work within region 
Inclusion of yield data within study, as a proxy comparison to pumping test data 
Recent study (T estimate <10 years old) 
 

Medium 3 Aquifer properties data (T only) are derived from pumping tests (some <5hr 
duration), but little known to methods 

And/or: 
Aquifer properties data derived from production yields of boreholes and wells 
 
Plus 2 of the following: 
Small sample base within recharge area (<20) 
Summary data only 
Some qualitative hydrogeological data  
Limited description of geology and source 
Comparison of study results, to other work within region  
Inclusion of yield data within study, as a proxy comparison to pumping test data 
Modelled data, using sufficient accurate hydrogeological field-data 
Recent study (T estimate <10 years old) 
 

Medium-
Low 4 

Aquifer properties data derived from production yields of boreholes and wells, but no 
information to methods;  

Summary data only, and small sample base 
Or: 
Modelled aquifer properties data, based on insufficient accurate field-data; 
 
Plus any of the following: 
Small sample base (<20) 
Limited description of geology and source 
No comparison of study results, to other work within region 
Dated study (>10 years) 
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Low 5 The parameter is modelled, based on little, or no, accurate hydrogeological field-data  
No comparison of study results, to other work within region, or proxy yield data 
 
Plus any of the following: 
Small sample base (<20) 
Summary data only 
Little, or no, description of field or modelling methodology 
Limited description of the geology 
Dated study (>10 years) 

 

 

  Table 2. Confidence criteria applied to aquifer review studies. 

 

 

 

 

   

Confidence Criteria 
 

High 1 Qualitative hydrogeological information relating to a 
hydrogeological domain, or specific aquifer 

Strong evidence-base to review (several data sources) 
Good description of data sources, and the methodology behind 

summary aquifer properties data 
Description of geology and source 
 
Plus any of the following: 
Inclusion of yield data, comparison to summary T and S data 
Recent review (<30 years old) 
 

Medium 2 Qualitative information on the regional hydrogeology, the 
hydrogeological domain, or specific aquifer 

Moderate evidence base to review (max. 2 data sources) 
Smaller review area 
Some description of data sources, but limited information to 

methodology of data 
 
Plus any of the following:  
Inclusion of yield data, or modelled data, comparison to summary 

T and S data 
Recent data reviewed (<30 years old) 
 

Low 3 Limited qualitative information on the regional hydrogeology, the 
hydrogeological domain, or specific aquifer 

Weak evidence base (one data source), with limited, or no 
information to data sources and methodology 

Geographically small review area 
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Table 3.  Database of references of the aquifer properties data studies reviewed, according to 
confidence rank from the criteria in Table 2 and 3. 

 
 
Confidence  Study reference 

1 
 

Cheney CS, Rutter HK, Farr J and Phofuetsile, P (2006) Hydrogeological potential of 
the deep aquifer of the Kalahari, southwestern Botswana, QJEGH; 39, 303-312 
 
Cobbing JE and Davies J (2008) The benefits of a scientific approach to sustainable 
development of groundwater in SSA, in Adalena and MacDonald (eds) Applied 
groundwater studies in Africa, IAH selected papers, Vol 13; IAH press 
 
Dapaah-Siakwan & Gyau-Boake (2000) Hydrogeologic framework and borehole 
yields in Ghana, Hydrogeology J., 8; 405-416. 
 
Davies J (2009) Hydrogeological mapping of north-central Madagascar using limited 
data, Groundwater conference Cape Town, South Africa, 16-18 Nov 2009 
 
Davies, J (1978) Jwaneng Groundwater Resources Study - Area A - Final Report 
 
Descroix L, Mahe G, Lebel, T, et al. (2009) Spatio-temporal variability of 
hydrological regimes around the boundaries between Sahelian and Sudanian areas of 
West Africa: a synthesis, J. of Hydrology, 375; 90-102 
 
Guiraud R (1988) L'hydrogeoloie de l'Afrique, J. of African Earth Sciences, 7; 3, 
519-543. 
 
Gyau-Boakye P, et al. (2008) Groundwater as a vital resource for rural development: 
an example from Ghana, in Adalena&MacDonald (eds) Applied studies in 
groundwater studies in Africa, IAH selected papers, 13; IAH press. 
 
Houston J (1992) Rural Water Supply: comparative case histories from Nigeria and 
Zimbabwe, in Wright EP (ed) Hydrogeology of crystalline basement aquifers in 
Africa 
 
Jalludin M & Razach M (2004) Assessment of hydraulic properties of sedimentary 
and volcanic aquifer systems under arid conditions in the Republic of Djibouti (Horn 
of Africa), Hydrogeology Journal, 12; 159-170 
 
Kehinde MO & Loehnert EP (1989) Review of African Groundwater resources, 
Journal of African Earth Sciences, 9; 1,, 179-185 
 
Kouame KJ, Jourda JP, Biemi J and LeBlanc Y (2008) Groundwater modelling and 
implication for groundwater protection: Case study of the Abidjan aquifer, Cote 
d'Ivoire, in (Eds) Adalena & MacDonald, Applied Groundwater Studies in Africa, 
IAH 13, p457-473. 
 
Margat J (2007) Great aquifer systems of the world.  In: L Chery & G De Marsily 
(eds) Aquifer systems management: Darcy’s legacy in a world of impending water 
shortage. IAH Selected Papers 105 – 116 
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Newell, A & Kirby G (2011) The Continental Intercalaire of Krechba and the 
Algerian Sahara: application of a 2D/3D GIS and 3D seismic for geological 
characterisation, BGSComissoned Report, CR/11/015, pp33. 
 
Rueedi, J., Brennwald MS, Purtschert R, Beyerle U, Hofer M and Klipfer R (2005) 
Estimating the amount and spatial distribution of recharge in the Iullemmeden Basin 
(Niger) based on 3H, 3He and CFC-11 measurements, Hydrological Processes, 19; 
17, 3285-3298 
 
Shahin M (2007) Water Resources and Hydrometrology of the Arab region, Water 
Science and Technology Library, Vol. 59, Springer, Netherlands. 
 
UNDP (1989) Swaziland country report: groundwater. 
UNDP (1989) Tanzania Country report: groundwater 
UNDP (1989) Zambia country report series, Groundwater 
 
Wright EP (1992) Hydrogeology of crystalline basement aquifers in Africa, in Wright 
EP & Burgess WG (eds) The hydrogeology of crystalline basement aquifers in 
Africa, Geol. Soc. Spec. Publ. No 66, 1992. 
 

2 Acheampong SY and Hess JW (1999) HG framework and hydrochemical framework 
of the shallow groundwater system in the southern Voltaian Sed Basin, Ghana, 
Hydrogeology Journal; 6; 527-537. 
 
Alker M (2008) The Lake Chad Basin Aquifer system, in Scheumann&Harrfahrdt-
Pahle (eds) Conceptualising Cooperation for Africa's transboundary Aquifer systems, 
d.i.e, German Dev Institute, 2008, Bonn 
 
Alker M (2008) The Nubian Sandstone Aquifer System (NSAS), in in 
Scheumann&Harrfahrdt-Pahle (eds) Conceptualising Cooperation for Africa's 
transboundary Aquifer systems, d.i.e, German Dev Institute, 2008, Bonn 
 
Barthel R, Sonneveld BGJS, Gotzinger J, Keyzer MA, Pande S, Printz A, & Gaiser T 
(2009) Integrated assessment of groundwater resources in the Oueme Basin, Benin, 
Physics and chemistry of the Earth, 34; 236-250 
 
Buckley, DK (1983) The Mochudi groundwater exploration Project, Final Report, 
Government of Republic Botswana, Depart. Of Geological Survey 
 
Cheney CS (1981) Report GS10/13 Hydrogeological investigations into Stormberg 
Basalts on the Lephepe/Dibete area 
 
Chilton PJ & Smith-Carington AK (1984) Characteristics of the weathered basement 
in Malawi in relation to rural water supplies, in 'Challenges in African Hydrology and 
Water Resources (Proceedings of the Harare Symposium, July 1984), IAHS Publ no 
144. 
 
DANDIA (1982) Water Master plan for Iringa, Ruvumba and Mbeya reions: 
Hydrogeology, Vol 9 
 
Faillace C (2007) Hydrogeological of hard rocks in some eastern and western Africa 
countries, in Krasney and Sharp (eds) Groundwater in fractured rocks, IAH green 
book, Vol 9. IAH press. 
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Farah, Mustafa & Kumai (2000) Sources of groundwater recharge at the confluence 
of the Niles, Sudan, Environmental Geology, 39; 6, 667-675. 
 
Farr JL, Baron J, Peart RJ, Milner E (1979) Investigation into supplementary 
groundwater sources for augmentation of the Caborone/Lobatse w/supply, Report 
GS10/7 
 
Farr, JL and Foster, SSD (1978) An appraisal of the groundwater resources of the 
Ecca Series, Central Kwenseng r.e. Mine developement, GS10 report series, Report 
5. 
 
Government of Republic of Botswana (August 1974) Redevelopment of Francistown 
groundwater resource, Report on Phase III, 
 
Graham MT (2008) The Hydrogeology of the Northern Agago County in Padar 
District, Uganda, BGS Groundwater Programme Open Report, OR/08/040, NERC 
 
Grossmann M The Kilimanjaro Aquifer, in Scheumann&Harrfahrdt-Pahle (eds) 
Conceptualising Cooperation for Africa's transboundary Aquifer systems, d.i.e, 
German Dev Institute, 2008, Bonn 
 
Herbert, R (1992) Final report on ODA/BGS R&D Project 97/7: Development of 
horizontal drilling rig for alluvial aquifers of high permeability 
 
IBRD (1980) Tabora Region Water Master Plan, Final Report, Volume 6A, borehole 
catalogue, The United Repub of Tanzania, Ministry of water, energy and minerals 
 
International Atomic Energy Agency (1991) Hydrogeological investigation of sites 
for the geological disposal of radioactive waste, Technical Reports Series, No. 391, 
68 pp 
 
Kortatsi BK & Quansah J (2004) Assessment of groundwater potential in the Sunyani 
and Techiman Areas of Ghana for Urban Water Supply, West African Journal of 
Applied Ecology, 5; 75-94. 
 
Macdonald AM, Kemp SJ and Davies J (2005) Transmissivity variations in 
mudstones, Ground Water, 43; 2; 259-269 
 
Martin N & van de Giesen N (2005) Spatial distribution of groundwater production 
and development potential in the Volta River basin of Ghana and Burkino Faso, 
Water International, 30; 2, 239-249. 
 
Martin N (2005) Development of a water balance model for the Atankwidi 
catchment, West Africa - a case study of groundwater recharge in a semi-arid climate, 
Dissertation, Univeristy Gottingen. 
 
Maurice R (1973) Hydrogeology of the Albian Fm, Algeria, PhD Thesis, Texas Tech. 
University pp157. 
 
Moallim M. A. (1993) Management of groundwater resources in Somali, MSc Thesis 
King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia pp 212. 
 
Mwango F. K., Muhangu B. C., Juma C. O. And Githae I. T. (2002) Groundwater 
resources in Kenya, in Proceedings of the International Workshop, Tapoli, Libya, 2-4 
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June 2002 
 
Neumann Redlin (1984) Palapye, groundwater exploration project, Vol 2 
 
Neumann-Redlin, C and Hutchins, D (1981) Morupule Power Station, groundwater 
resource study, Letshana area, Government of Republic of Botswana, Depart. Of 
Geological Survey 
 
Oga, Marlin, Dever, Filly, and Njitchoua (2008) Hydrochemical and isotopic 
characteristics of coastal groundwater near Abidjan, in Adelena and MacDonald (eds) 
Applied groundwater studies in Africa, IAH selected papers, 13; 
 
Onugba A, and Yaya O (2008) Sustainable groundwater development in Nigeria, in 
Adalena and MacDonald (eds) Applied groundwater studies in Africa, IAH selected 
papers, Vol 13; IAH press. 
 
Taylor R and Howard K (2000) A tectono-geomorphic model of the hydrogeology of 
depply weathered crystalline rock: evidence from Uganda, Hydrogeology Journal; 
2000; 8, 279-294. 
 
Tearfund (2007) Dufur: water supply in a vulnerable environment; Phase 2 of 
Tearfunds Durfur Env Study, October 2007. 
 
Thangarajan M, Linn F, Uhl V, Bakaya TB and Gabaake GG (1999) Modelling ana 
inland delta aquifer system to evolve pre-development management schemes: a case 
study in Upper Thamalakane River Valley, Botswana, southern Africa, Env. 
Geology, 38; 4; 285. 
 
Thompson, DM and Lovell, CJ (1995) Small-scale irrigation using collector wells 
pilot project - Zimbabwe; hydrogeological evaluation and pumping test analysis 
 
UNDP (1989) Madagascar country report: groundwater 
UNDP (1989) Malawi Country report: groundwater 
UNDP (1989) Mozambique country report: groundwater 
UNDP (1989) South Africa country report: groundwater 
UNDP (1989) Swaziland country report: groundwater 
UNDP (1989) Zaire DRCongo Groundwater Country Report 
 
Wright EP (1992) Hydrogeology of crystalline basement aquifers in Africa, in Wright 
EP & Burgess WG (eds) The hydrogeology of crystalline basement aquifers in 
Africa, Geol. Soc. Spec. Publ. No 66, 1992 
 
Wright EP (1992) Hydrogeology of crystalline basement aquifers in Africa 
 
Wright EP, Benfield AC, Edmunds WM and Kitching R (1982) Hydrogeology of the 
Kufra and Sirte Basins, eastern Libya, QJEG, 15; 83-103. 
 

3 Abdalla O A E (2009) Groundwater recharge/discharge in semi-arid regions 
interpreted from isotope and chloride concentrations in the White Nile Rift, Sudan, 
Hydrogeology J., 2009, 17; 679-692. 
 
Acheampong SY & Hess JW (1998) Hydrogeologic and hydrochemical framework of 
the shallow groundwater system in the southern Voltaian Sedimentary Basin, Ghana, 
Hydrogeology J., 6; 527-537. 
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Adelana SMA, Olasehinde PI & Vrbka P (2003) Isotope and geochemical 
characterization of surface and subsurface waters in the semi-arid Sokoto Basin, 
Nigeria, African Journal of Science & Technology, 4; 2, 80-89. 
 
Africa Borehole Initiative (2005) Groundwater in Kenya. 
 
Agyekum WA & Dapaah-Siakwan S (2008) the occurrence of groundwater in 
northeastern Ghana, in Adalena and MacDonald (eds) Applied groundwater Studies 
in Africa, IAH selected papers, 13; IAH press. 
 
Ahmad, MU 1983. A quantitative model to predict a safe yield for well fields in 
Kufra and Sarir Basins, Libya, Ground Water; 21, 1, 58-66 
 
Alker M (2008) The Stampriet Artesian Aquifer Basin, in Scheumann&Harrfahrdt-
Pahle (eds) Conceptualising Cooperation for Africa's transboundary Aquifer systems, 
d.i.e, German Dev Institute, 2008, Bonn. 
 
Amin I. E. & Khayat Z. A. (2002) Groundwater mining in the Tripoli Area, Lebanon, 
at 2002 Denver Annual Meeting 27-30 October, Session 108: Hydrogeology in 
Developing Countries: Opportunities and Challenges (Poster). 
 
Ayamsegna JA & Amoateng-Mensah P (2002) Well monitoring: World visions 
experience in Ghana, In Conference Proceedings ' Sustainable environmental 
sanitation and water services, 28th WEDC Conference, Calcutta, India 
 
Aynew, T (2004) the movement and occurance of groundwater in the Ethiopian 
volcanic terrain, In groundwater climate conference proceedings, www.gwclim.org 
 
Bakker B. H. (1997) Groundwater Management in Kenya; the need for improved 
legislation, delegation of authority and independent decision-making, in Experiences 
from Developing Countries, ILRI Workshop, pp 111-126. 
 
Bannerman & Ayibotele (1984) Some critical issues with monitoring crystalline rock 
aquifers for groundwater management in rural areas, In Challenges in African 
Hydrology and Waert Resources, Proceedings of the Harare Symposium July 1984, 
IAHS Publ 144. 
 
Bauer P, Held RJ, Zimmermann S, Linn F and Kinzelback, W (2006) Coupled flow 
and salinity transport modelling in semi-arid envs: The shashe river valley, Botswana, 
Journal of Hydrology, 316; 163-183 
 
Bisson R. A. And Lehr J. H. (2004) Case Study North West Somali, in Modern 
groundwater exploration: discovering new water resources in consolidated rocks 
using innovative concepts, exploration, drilling, aquifer testing and managment, 
Wiley p33-117. 
 
Bouchaou, Michelot, Vengosh et al. (2008) Application of multiple isotopic and 
geochemical tracers for investigation of recharge, salinization and residence time of 
water in the Souss-Massa aquifer, southwest of Morocco, J. of Hydrol., 352; 267-287. 
 
Carter RC (1994) The groundwater hydrology of the Manga grasslands, NE Nigeria: 
importance to agricultural development strategy for the area: Quarterly J. of 
Engineering Geology, 27; S73-S83. 
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Chilton J & Foster SSD (1995) Hydrogeological characterisation and water-supply 
potential of basement aquifers in tropical Africa, Hydrogeology J., 3; 1, 36-49. 
Chilton J (1991) Report on a visit to Zimbabwe 20th to 30th April 1991, BGS 
Technical Report, WD/91/27R 
 
Dassi L, Zouari K & Faye S (2005) Identifying sources of groundwater recharge in 
the Merguellil Basin (Tunisia) using isotopic methods: implication of dam reservoir 
water accounting 
 
Davies (2003) Lesotho Lowlands Water supply feasibility study, BGS commissioned 
report, CR/03/176C 
 
Ebraheem AM, Riad S, Wycik P & Seif El Nasr AM (2002) Simulation of impact of 
present and future groundwater extraction from the non-replenished Nubian SST 
aquifer in SW Egypt, Env. Geology, 43; 188-196 
 
Edet A, and Okereke C (2004) Hydrogeological and hydrochem character of the 
regolith aquifer, norther Obudu Plateau, S Nigeria, Hydrogeology Jounral; 13; 391-
415. 
 
Faillace C (2007) Hydrogeological of hard rocks in some eastern and western Africa 
countries, in Krasney and Sharp (eds) Groundwater in fractured rocks, IAH green 
book, Vol 9. IAH press. 
 
Fass, T and Reichart, B (2004) Geochemical and Isotopic characterisation of a local 
catchment within a crystalline basement in western African Benin, in Proceedings of 
Fractured Rock: state of science, Portland, US, pp 271-278 
 
Faye S, Cisse Faye S & Evans D (2001) Origin and distribution of saline groundwater 
in the Saloum coastal aquifer, in Proceedings of the first international conference on 
Saltwater intrusion and coastal aquifers, Morrocco, April 23-25, 2001 
 
Faye S, Maloszewski P, Stichler W, Trimborn P, Faye SC and Gaye CB (2005) 
Groundwater salinization in the Saoum (Senegal) delta aquifer: minor elements and 
isotopic indicators, Sci of Tot Env., 343; 243-259. 
 
Foster S. F. and Tuinhof A. (2005) Kenya: The role of groundwater in the water-
supply of Greater Nairobi, in Sustainable Groundwater Management: lessons from 
practice, GW-MATE World Bank case profile collection, No. 13, 
 
Foster SSD, Bath AH, Farr JL & Lewis WJ (1984) The likelihood of active 
groundwater recharge in the Botswana Kalahari, J. of Hydrol., 55; 113-136. 
 
Fridel MJ & Finn C (2008) Hydrogeology of the Islamic Republic of Mauritania, 
USGS Open File Report 2008-1138. 
 
Goverment of the Republic of Botswana (August 1972) Groundwater investigation 
report for construction of botswana-zambia highway, Chief Roads Engineer 
 
Guideal R, Bala, AE and Ikopkonte, AE (2011) Preliminary estimates fo the 
Hydraulic properties of the Quaternary Aquifer in N'Djamena Area, Chad Republic, 
Journal of Applied Sciences, 11; 3, 542-548. 
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Internal drainage basin water office, Ministry of water, United republic, Tanzania 
JICA (1991) Groundwater development study in SW region of the democratic 
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