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ABSTRACT 

 
 

The White Volta River Basin is one of the major sub-basins of the Volta River Basin of 
West Africa. It covers about 106,000 km2, and the major riparian countries are Burkina 
Faso and Ghana. The basin has enough water resources to meet current demands but 
there are many challenges including high spatial and temporal variability in rainfall, 
global climate change, deforestation, land degradation, and high population growth rate. 
These challenges put immense pressure on the water resources. The basin experiences a 
prolonged dry season when many rivers and streams dry up. As a result, surface water 
supplies are unreliable and insufficient to meet the water demands for socio-economic 
development in many places in the basin, thereby making groundwater sources the 
preferred and most cost-effective means of supplying water to the largely rural and 
dispersed population in the basin. A key prerequisite for efficient and sustainable 
management of the groundwater resource is the understanding and quantification of the 
groundwater recharge.  

This study estimates the total amount and spatial distribution of the 
groundwater recharge at different scales in the White Volta Basin using the chloride 
mass balance, water table fluctuation, and hydrological modeling with the Soil and 
Water Assessment Tool (SWAT). In addition, the study evaluates the impact of future 
climate change on the shallow groundwater recharge.  

The chloride mass balance method was applied in the northeastern part Ghana 
(Upper East Region of Ghana), within the basin, to estimate the long-term recharge. 
Based on the variation of chloride concentrations measured in groundwater samples 
taken from 11 wells in 2006, the estimated long-term annual groundwater recharge in 
the region ranged from 34.0 to 182.0 mm, with an area-weighted mean of 82.0 mm. The 
mean annual recharge represents 8 % of the long-term mean annual rainfall of 990 mm.  

The water table fluctuation method was used in the south of the basin 
(commonly called the White Volta Basin of Ghana) to evaluate the seasonal and annual 
variations in water level rise and to estimate the groundwater recharge. The results show 
that annual water level rise ranged from 1238 to 5000 mm in 2006 and from 1594 to 
6800 mm in 2007. Based on standard values of specific yield and the measured water 
level rise, the estimated annual recharge ranged from 28.0 to 150.0 mm in 2006 and 
from 32.0 to 204.0 mm in 2007. The area-weighted mean recharge was 70.0 mm in 
2006, representing 8 % of the annual rainfall (870 mm), and 92.0 mm in 2007, 
representing 7 % of the annual rainfall (1294 mm).  

The SWAT model was calibrated (1986-1999) and validated (1992-1999) at 
Nawuni for the whole White Volta River Basin. The simulated mean recharge to the 
shallow groundwater was 59.0 mm, about 7 % of the mean annual rainfall (824 mm). 
Using SWAT-simulated water balance for the present time period (1991-2000) as the 
basis for comparison, the simulated future (2030-2039) water balance in the White 
Volta Basin shows important increases in the mean annual discharge, surface runoff and 
shallow groundwater recharge as a result of future climate change in the basin. The 
shallow groundwater recharge is expected to increase by about 29 %. 

 
 
 



 

KURZFASSUNG 
 
 

Grundwassererneuerung vor dem Hintergrund des zukünftigen 
Klimawandels im Becken des Weißen Voltas, Westafrika  

 
 

Das Weiße Voltabecken ist eines der wichtigsten Unterbecken des Voltabeckens in 
Westafrika. Die Fläche beträgt ca. 106,000 km2, und die wichtigsten Anrainerstaaten 
sind Burkina Faso und Ghana. Die Wasserressourcen können den gegenwärtigen Bedarf 
decken, aber die hohe räumliche und zeitliche Niederschlagsvariabilität, der globale 
Klimawandel, Abholzung, Bodendegradation sowie starkes Bevölkerungswachstum 
führen zu einem enormen Druck auf die Wasserressourcen. Im Becken gibt es eine 
lange Trockenzeit wo viele Flüsse und Bäche austrocknen. Dadurch ist die Versorgung 
mit Oberflächenwasser unzuverlässig und reicht nicht, um den Wasserbedarf für die 
soziale und wirtschaftliche Entwicklung in vielen Gegenden des Beckens zu erfüllen. 
Das Grundwasser ist daher die bevorzugte und am kosteneffektivste Möglichkeit, die 
größtenteils ländliche und verteilte Bevölkerung im Becken mit Wasser zu versorgen. 
Am wichtigsten für ein effizientes und nachhaltiges Management der 
Grundwasserressourcen sind Kenntnisse über die Grundwasserneubildung sowie deren 
Quantifizierung.  

Diese Studie untersucht die gesamte Höhe und räumliche Verteilung der 
Grundwasserneubildung im Weißen Voltabecken in unterschiedlichen Maßstäben mit 
den Methoden Chloridmassenbilanz, Grundwasserspiegel-Fluktuation, sowie 
hydrologische Modellierung mit dem Soil and Water Assessment Tool (SWAT). 
Außerdem bewertet die Studie die Auswirkungen des erwarteten Klimawandels auf die 
Neubildung von oberflächennahem Grundwasser.  

Die Chloridmassenbilanz-Methode wurde im nordöstlichen Teil von Ghana 
(Upper East Region of Ghana) angewandt, um die langfristige Grundwasserneubildung 
zu ermitteln. Auf der Grundlage der Variation der Chloridkonzentrationen in 
Grundwasserproben aus 1100 Brunnen in 2006 lag die langfristige jährliche 
Grundwasserneubildung in der Region zwischen 34.0 und 182.0 mm, mit einem area-
weighted Mittel von 82.0 mm. Die mittlere jährliche Neubildung stellt 8 % des 
langjährigen mittleren jährlichen Niederschlags von 990 mm dar.  

Die Grundwasserspiegel-Fluktuationsmethode wurde im Süden des Beckens 
eingesetzt (genannt Weißes Voltabecken von Ghana), um die saisonalen und jährlichen 
Variationen bei Grundwasseranstieg und Grundwasserneubildung zu ermitteln. Die 
Ergebnisse zeigen, dass der jährliche Anstieg des Grundwasserspiegels zwischen 1238 
und 5000 mm in 2006 und zwischen 1594 und 6800 mm in 2007 lag. Auf der Grundlage 
der Standardwerte des spezifischen Ertrags und der gemessene Anstieg des 
Grundwassers betrug die jährliche Grundwasserneubildung zwischen 28.0 und 150.0 
mm in 2006 und zwischen 32.0 und 204.0 mm in 2007. Die area-weighted mittlere 
Neubildung war 70.0 mm in 2006, und damit 8 % des jährlichen Niederschlags (870 
mm), und 92.0 mm in 2007, die 7 % (1294 mm) darstellen.  

Das SWAT-Modell wurde kalibriert (1986-1999) und validiert (1992-1999) in 
Nawuni für das ganze Weiße Voltabecken. Die simulierte mittlere 
Grundwasserneubildung im oberflächennahen Grundwasser betrug 59.0 mm, das sind 
ca. 7 % des mittleren jährlichen Niederschlags (824 mm). Mit der SWAT-simulierten 



 

Wasserbilanz für den Zeitraum (1991-2000) als Vergleichsgrundlage zeigt die 
simulierte zukünftige (2030-2039) Wasserbilanz eine bedeutende Zunahme des 
durchschnittlichen jährlichen Niederschlags, Abflusses, Oberflächenabflusses und der 
Neubildung von oberflächennahem Grundwasser als Folge des zukünftigen 
Klimawandels im Becken. Es wird erwartet, dass die oberflächennahe 
Grundwasserneubildung um ca. 29 % zunehmen wird. 
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1 INTRODUCTION 
 

1.1 Overview of freshwater resources 

The importance of water, particularly freshwater, has been recognized since the 

beginning of man. In every human society anywhere on the planet earth, water is said to 

be life because all aspects of life depend on it. Freshwater constitutes less than 3 % of 

the world’s water resources but it is one of the world’s most important natural resources 

and an indispensable part of all terrestrial ecosystems. It is a necessary input for many 

sectors of the global economy. In many world regions, particularly in developing 

regions like Africa, availability and access to freshwater largely determines patterns of 

economic growth and social development (Odada, 2006). Freshwater resources are 

pivotal to key economic and social activities such as water supply and sanitation, 

agriculture, industry, urban development, hydropower generation, inland fisheries, 

transportation and recreation among others. These activities provide employment and 

generate revenue that sustains many economies of the world. Besides its economic 

value, freshwater plays an important role in addressing issues of health, poverty and 

hunger and has been rightly recognized in the formulation of the United Nations’ 

millennium development goals.       

The importance of freshwater is increasing very rapidly due to the fast growth 

in the world’s population, which has resulted in increased demand for the resource 

world-wide. Notwithstanding the increasing demand, the amount of freshwater available 

on the earth is limited. Its distribution is quite varied; many locations have plenty of it 

while others have very little. A UNEP (2002) study reveals that about one third of the 

world’s population lives in countries with moderate to high water stress with 

disproportionately high impacts on the poor. The same study observes that, with the 

current projected human population growth, industrial development and expansion of 

irrigated agriculture in the next two decades, water demand will rise to levels that will 

make the task of providing water for human sustenance more difficult. Africa in general 

and West Africa in particular will be among the regions that are most likely to be 

affected. 

Africa as a continent has an immense supply of rainfall, with an average 

annual of 744 mm, and relatively low withdrawals of water for its three major water 

sectors, namely agriculture, community water supply and industry (FAO, 2003). 
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However, natural phenomena such as rainfall variability and global climate change, and 

human factors such as over-exploitation and pollution, create a serious threat to the 

sustainability of Africa’s freshwater resources, and hence the livelihood of the many 

poor that inhabit the continent.  

Rainfall intensities and amount in Africa, particularly in western and central 

Africa, have high spatial and temporal variability within and between countries and 

river basins (UN-Water/Africa, 2006) with frequent events of drought and flood. Such 

natural variability has resulted in uneven distribution of surface and groundwater 

resources across the continent. While places like Comoros, Mauritius, Madagascar, 

Seychelles and the southern to the tropic belt of mid Africa have abundant freshwater 

resources, places like northern Africa, Sub-Saharan Africa including the Sahara and 

Kalahari deserts with severe aridity have very limited freshwater resources (Odada, 

2006).  

Global climate change puts further constraint on the already limited and 

unevenly distributed freshwater resources in Africa. In equatorial Africa, the climate is 

expected to become warmer with an average temperature increase of 1.4°C by 2050 

(IPCC, 2001). Predicted hydrological changes associated with the expected increase in 

temperature include (1) an increase in precipitation of 5 to 30% from December to 

February and 5 to 10 % from June to August and (2) greater runoff (Joubert and 

Hewitson, 1997; Arnell, 1999; Nelson, 2005). In West Africa, Kunstmann and Jung 

(2003) among others, have predicted changes in rainfall patterns with a general increase 

in rainfall amount and an increase in the mean temperature of about 1.2oC in 2030-2039. 

Despite this, statistical analysis of long-term (1951-1991) observed rainfall and river 

discharge data in the Volta Basin of West Africa show significant reductions in both 

rainfall and river discharge in most areas of the basin (Opoku-Ankomah and Amisigo, 

1996; Opoku-Ankomah, 2000; Gyau-Boakye and Tumbulto, 2006). Similar statistical 

analysis of observed rainfall from the 1960s and 1970s in other areas in West Africa 

found significant reductions in rainfall amounts and river discharges (Servat et al., 1997, 

Lebarbé and Lebel, 1997; Amani, 2001). Observations made on major rivers in the West 

African region since the early 1970s show a mean decline of 40-60 % in discharge 

(Niasse et al., 2004). Recharge to groundwater aquifers in the region have also 
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decreased noticeably. This is attributed to the decline in rainfall and runoff (Niasse et 

al., 2004).  

Based on the above discussions, it is clear that wise management measures are 

required to address the many challenges that confront the sustainability of freshwater 

resources in West Africa in order to guarantee present and future provision of water for 

human sustenance. 

 

1.2 Background of the study 

The Volta River Basin is one of the 80 internationally shared lake and river basins in 

Africa. It is located in West Africa and shared by six riparian countries. The basin’s 

water resource has been a very important input for the economic growth and 

development in the riparian countries. With the basin’s population currently growing at 

an annual rate of 2.5 % (Andah et al., 2003), the demand for water will continue to 

increase significantly and will put immense pressure on the limited available water 

resources, which are concentrated in streams and rivers and groundwater aquifers. 

The Volta Basin is fairly well watered with a mean annual rainfall ranging 

from 1600 mm in the humid southern parts to 600 mm in the extreme northern areas 

(VBRP, 2002). However, the rainfall is highly variable between the wet and dry seasons 

as well as from one place to another. The basin experiences a prolonged dry season of 

about 7 months in most areas, and as a result many of the rivers and streams are 

ephemeral in nature. Surface water supplies are unreliable, subject to high evaporative 

losses and insufficient to meet the water demand for socio-economic development 

everywhere in the basin. Besides, many of the surface water sources, particularly those 

used by small towns and rural communities have serious health risks with regard to 

water-related diseases such as bilharzias, cholera and guinea worm (MWH, 1998). 

Groundwater sources have become the preferred and cost-effective means of supplying 

water to meet the growing demand of the largely rural and dispersed population in the 

basin. Generally, the chemical and microbiological quality of groundwater is better than 

that of surface water. Additionally, groundwater sources respond more slowly to 

changes in rainfall, which makes it less vulnerable to drought compared to surface 

water. 
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Groundwater resources are used mainly for domestic and municipal water supply, as 

well as for watering of livestock and dry season irrigation of vegetables in many places 

in the basin. Over the past three decades, the exploitation of groundwater in the Volta 

Basin has increased substantially, particularly in the middle to north-eastern parts 

(Figure 1.1), which encompass large cities like Ouahigouya, Ouagadougou, and 

Bolgatanga (all within the White Volta sub-basin). Abstraction of groundwater in the 

basin is done mainly using boreholes fitted with hand pumps and mechanised boreholes 

connected to piping systems (Figure 1.2). An estimate made by Martin and van de 

Giesen (2005) reveals that about 44 % of the basin’s total population depends on 

groundwater supply from both mechanised and hand-pump-equipped boreholes as well 

as from modern hand-dug wells. This figure is expected to increase as the population 

grows and water demand increases, leading to further exploitation of the groundwater 

resource. This could result in problems should the groundwater exploitation not be well 

managed.   

Already, there are cases of groundwater depletion in some areas of the basin 

within Ghana. Gyau-Boakye and Tumbulto (2000) mentioned increased abstraction as 

the cause of the depletion. Over-abstraction of groundwater is said to be the reason for 

the diminishing yields of boreholes within a relatively short time and depletion of rivers 

in close proximity to areas of high borehole concentration (Water Research Institute-

WRI, 2002). Open wells and some deeper boreholes in the basin are frequently 

experiencing reduced yields, sometimes drying up completely in the dry season 

(WRI/DANIDA, 1993; Martin and van de Giesen, 2005). During the drought of the 

1980s, observation of groundwater levels showed pronounced drops (Wardrop 

Engineering, 1987 and Thierry, 1990), which is an indication of the impact of climate 

change on the groundwater resources in the basin.  

Therefore, the development of groundwater resources in the Volta Basin must 

be well managed particularly in areas where the sustainability of the resources could be 

threatened by over-exploitation and contamination, as well as by climate change. A 

basic prerequisite for efficient and sustainable management of groundwater resource is 

the groundwater recharge (Lerner et al., 1990; Scanlon and Cook, 2002, Chand et al., 

2005). Quantification of the recharge is needed, for example, to estimate the sustainable 
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yield of the groundwater aquifers (Sanford, 2002; Sophocleous and Schloss, 2000) and 

for rational and sustainable exploitation of the resource.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.1 Location of hand-pump-equipped boreholes in the Volta River Basin of 

West Africa (Source: Martins, 2005)  
 


