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1.0. Introduction 

Appropriate decision making is vital to ensure a secured 

water resource management. This is even so when water 

resource is limited or if there is high spatio-temporal 

variability of the resource in an area. More  than one third of 

the global population are still living in areas with water 

scarcity despite the target set by the United Nation 

Millennium Development Goals (UNMDG’s) to reduce the 

proportion by halve before the year 2015 especially in Sub-

Saharan Africa which accounts for about ¾ of the number. 

The problem became more pronounced in Africa because of 

the slowest and poorest technological advancement, low 

income and institutional capacity to mitigate the problem 

(MacDonald, 2005, Kevin and Nicholas, 2010). 

Northern Nigeria falls within the prescribed region in 

the sub-Sahara Africa, an area prone to extreme aridity and 

drought condition. The area is characterized by short rainy 

season and small seasonal rivers and streams (Austine, 2001, 

Ayoade and Bamwo, 2007). Despite the additional vast 

groundwater reserve and some natural water bodies like 

lakes, ponds and lagoons in the coastal areas, the incidence 

and amplitude of water security challenges continue to rise in 

the region. The growing population and the recent droughts 

occurrence attributed to climate change (Paul et al., 2008, 

Friedrich et al., 2008) leads to further variable changes and 

uncertainty putting the available water resources under 

pressure and calling for new approaches for water security, 

development, planning and management (Parry et al., 2007, 

WaterAid, 2007). Understanding the hydrological processes 

in Sokoto basin as it relates water movement over time will 

no doubt improve the understanding of the presence and 

availability of water over time which in turn would help the 

decision makers in planning and execution of water 

development projects to ensure security especially to rural 

areas where the scarcity is more severe.  

The major sources through which people obtain water in 

Sokoto basin are surface sources such as rainfall, rivers and 

lakes and the ground sources. These sources of water are not 

always available at both the right place and time, nor are they 

always well managed. Surface sources such as rivers, streams 

and lakes have always been easier to harness, extract and 

utilized, but are also vulnerable to contamination and are 

most often subjected to dwindling as a result of evaporation, 

careless extraction and misuse (Kevin and Nicholas, 2010). 

Groundwater is relatively safe source of water supply but 

requires a lot of efforts and investment to harness and extract. 
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 ABSTRACT 

A substantial part of Nigeria is part of semi-arid areas of the world, underlain by 

basement complex (hard) rocks which are very poor in both transmission and storage of 

appreciable quantity of water. Recently, a growing attention is being paid on the need to 

develop water resources in these areas largely due to concerns about increasing droughts 

and the need to maintain water security challenges. While there is ample body of 

knowledge that captures the hydrological behaviours of the sedimentary part, reported 

research which unambiguously illustrates water distribution in the basement complex of 

the Sokoto basin remains sparse. Considering the growing need to meet the water 

requirements of those living in this region necessitated the call for accurate water balance 

estimations that can inform a sustainable planning and development to address water 

security challenges for the area.  To meet this task, a one-dimensional soil water balance 

model was developed and utilised to assess the state of water distribution within the 

Sokoto basin basement complex using measured meteorological variables and 

information about different landscapes within the complex. The model simulated the soil 

water storage and rates of input and output of water in response to climate and irrigation 

where applicable using data from 2001 to 2010 inclusive. The results revealed areas 

within the Sokoto basin basement complex that are rich and deficient in groundwater 

resource. The high potential areas identified includes the fadama, the fractured rocks and 

the cultivated lands, while the low potential areas are the sealed surfaces and non-

fractured rocks. This study concludes that the modelling approach is a useful tool for 

assessing the hydrological behaviour and for better understanding the water resource 

availability within a basement complex.  
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With a huge reserve of about 97 % of liquid fresh water, 

groundwater appears to be more promising in terms of 

sustainability in the basin.  

This paper is aimed at improving the understanding of 

the hydrological processes in the basement complex areas of 

Sokoto Basin to address water security challenges. 

2.0. The Study area 

The study area is part of the basement complex area of 

the Sokoto basin located in the north-western part of Nigeria 

(Figure 1) between the latitudes 11° 30" and 12° 00" N and 

longitudes 4° and 7° E. The region forms the major river 

basin of the riverine lowlands of the Rima valley. The area 

forms the catchment of the river Ka (also known as Gulbin 

Ka) at the southern end of the basement complex (Figure 1). 

The river originates from the basement highlands around 

Dansadau in Zamfara State, it runs some 250 kilometers west 

into Kebbi State before joining the Sokoto River and shortly 

afterwards, join the Niger River. The general elevation ranges 

between 190 m above sea level in the lowland fadama 

floodplains which range between 0.3 – 2 km in width along 

the river and its tributaries to 450 m above sea level at the 

upper lands around Gusau and Dansadau. The catchment area 

above Fokku gauge was given as 15000 km
2
 (Anderson and 

Ogilbee, 1973, JICA, 1990).  

The climate of the area is tropical continental dominated 

by two opposing air masses; the tropical maritime and 

tropical continental air masses. The position of their 

convergence is called the inter-tropical discontinuity (ITD) 

and largely determines the onset and cessation of rainfall at a 

particular time of the year (Bello, 1997). The tropical 

maritime air mass is moist and blows from the Atlantic, while 

the tropical continental air mass is dry and blows from the 

Sahara Desert. The onset of rainfall in the region is usually 

from April, but properly commences by June to September, 

while the dry season takes over from October to March. The 

average annual rainfall ranges from 500 mm around the 

northern boundary with Niger Republic to 1200 mm towards 

the southern edge of the basin (NIMET, 2012).  

 

Figure 1. The study area showing the river Ka catchment 

boundary (Modified from Kogbe, 1989). 

The highest temperatures occur towards the end of the 

dry season from March to April. The daily maximum and 

minimum temperatures similar to the precipitation vary from 

the northern part to the southern part of the basin (Ekpoh and 

Nsa, 2011). Temperatures range between a daily minimum 

temperature of 9 
o
C in the cold season (from early December 

to early February) to a daily maximum temperature of 45 
o
C 

from March to end of May. The low temperatures are 

associated with the Harmattan, a northeasterly dry and dusty 

West African trade wind which blows from the Sahara into 

the Gulf of Guinea from November to February.  

The geology of the study area has been described by Obaje et 

al. (2013), Kogbe (1989), Anderson and Ogilbee (1973), and 

Offodile (2002). Basement rocks dominate about 50 % of 

Nigeria’s surface area while Cretaceous and Cenozoic 

sediments cover the other 50% (Adelana, 2003).  According 

to Eduvie (2006) Hazell et al (1988), and Anderson and 

Ogilbee (1973), the basement complex of Nigeria lies within 

the Pan-African terrain with four broad lithological units as 

follow: 

 A polycyclic basement of migmatites and gneisses together 

with relics of ancient metasediments of schist, phyllite, and 

quartzite. 

 Younger low to medium grade metasediments and 

metavolcanics, which form distinct NNE-SSW trend within 

the migmatite-gneiss complex.  

 Syntectonic to late tectonic Older Granite suite which 

intruded both the migmatitegneiss and the metasediments.  

 Unmetamorphosed alkaline, calc-alkaline volcanic and 

hypabbysal rocks, which overlie or intrude the basement and 

sedimentary rocks.  

The depth of the weathered zone sometimes extends down to 

50 m and the surfaces are often covered by laterites and 

Aeolian sands.  

 
Figure 2. Geological map of the Sokoto Basin (source: 

Obaje et al., 2013). 

The important hydrogeological studies within the study 

area was done by Anderson and Ogilbee (1973), Oteze 

(1979), Offodile (2002), Adelana et al. (2006) Ndubuisi 

(2007), SARDA / WADROP (1988), JICA (1990) and 

Graham et al. (2006). Groundwater in the crystalline rocks is 

generally available in small quantities and occurs within 

fractures and weathered rocks. The fractures are sometimes 

open up to a depth of 91 m, but even so, yields to boreholes 

are relatively low and cause high drawdowns. The availability 

of groundwater in the crystalline basement rocks depends on 

the development of thick soil overburden or the presence of 

fractures that are capable of holding water. The storage of 

groundwater is confined to fractures and fissures (JICA, 

1990) in the weathered zone of igneous, metamorphic and 

volcanic rocks, the thickness of which range from <10-60 m 

in arid and humid rain forest (MacDonald et al., 1995, 

Chimphamba et al., 2009).   

The soils within the catchment area fall within four 

major groups in the Harmonised World Soil Database 

(HWSD, 2012), Soil Atlas of Africa classifications (2013). 

The major soil classes identified are: Lithosols, Lixisols, 

Plinthosols and Gleysols.  

The catchment falls within the Sudan Savannah zone 

with vegetation consisting of short grasses characterised by 

thorny species (Kaltho et al., 1997) and a scatter of acacia 

species which are interspersed with herbaceous cover of 

http://en.wikipedia.org/wiki/Zamfara_State
http://en.wikipedia.org/wiki/Kebbi_State
http://en.wikipedia.org/wiki/Sokoto_River
http://en.wikipedia.org/wiki/Niger_River
http://en.wikipedia.org/wiki/West_Africa
http://en.wikipedia.org/wiki/Trade_wind
http://en.wikipedia.org/wiki/Sahara
http://en.wikipedia.org/wiki/Gulf_of_Guinea
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annual grasses. A comparative analysis of vegetation density 

towards the northern part of Zamfara state (which includes 

the drier part of the study area) between 1962 and 1991 

(ARCA, 1995) shows that increasing human pressures on 

land such as expansion of cropland, livestock overgrazing and 

cutting of trees for firewood has resulted in the loss of about 

71 - 85 % of the natural vegetation (Hassan, 2000; Kuppers, 

1998; Schafer, 1998). Eyre (2013), states that the woody plant 

species are now more common on the steep and rocky slopes 

where cultivation doesn’t take place than the surrounding 

level areas which are dominated by grass.  

3.0. Materials and Methods 

A summary of the data types used in this research and 

its sources are described below with a summary given in 

Table 1 . 

Table 1. Description of data types for the paper. 

Type of 

Data 

Available 

Records 

Nature of 

Data/ Source 

Location  

From To 

Rainfall & 

Temperature 

1991 2010 Daily records / 

(NIMET) 

Sokoto, 

Gusau and 

Yelwa  

Borehole 

records 

1983 1989 Well log, 

depth, water 

level and yield 

/ (SARDA)    

Old 

Sokoto 

state 

DEM, GIS 

Map layers 

2000  

2010 

2000  

2010 

Nigeria 

Digital 

Elevation 

Model 

(SRTM), GIS 

Layers 

(NGSA) 

Nigeria  

Soil Map  2012 2012 Soil map 

(HWSD) 

Sokoto 

Basin 

(River Ka 

catchment) 

The methodology employed for this research starts with 

the desk study (i.e. literature review, study area identification 

and mapping and initial conceptualization); fieldwork 

(reconnaissance survey and actual field work); 

conceptualisation (catchment classification and 

characterization) and model set up.  

The fieldwork processes 

Fieldwork was conducted in the three selected areas 

from 17
th

 June – 30
th

 August 2012. Visitation to the three 

sites was dependent on the timing of likely occurrence of 

rainfall within the fieldwork period. The fieldwork conducted 

involved measurement of water table depth in dug wells and 

boreholes; soil type and depth identification; observation of 

surface runoff processes (such as the origin, flow paths and 

destination) during and after rainfall; vegetation / crop types, 

cover and growth behaviour. Other aspects recorded included 

water sources and location in towns and surrounding 

environment, available streams, lakes or ponds and 

identification of hard rock types (broken or non-broken) and 

their runoff behaviour after rainfall.  

Modelling  

The data and information gathered from the fieldwork in 

addition to that from literature were used to model the 

individual conceptual models developed; to validate their 

behaviour against information given in literature and reports; 

and to aggregate all the information to the catchment scale. 

To achieve this, water balance modelling was carried out for 

the different conceptual landscapes developed after the 

fieldwork.  

WaSim model was chosen because of its flexibility, data 

availability and demonstrated value as a research tool in 

hydrological studies (e.g. Fasinmirin et al. 2008; Holman et 

al. 2009; Hess et al. 2010). WaSim is a one-dimensional daily 

soil water balance model that simulates inputs (precipitation), 

outputs (actual evapotranspiration, surface runoff, potential 

recharge and drainage) and changes in soil water storage in 

response to weather (Hess & Counsell 2000). The soil is 

divided into up to five compartments (Fig. 3). Water moves 

from upper compartments to lower compartments when the 

soil layer exceeds field capacity and any water draining out of 

the lowest layer of a freely drained soil is taken as potential 

recharge. Surface runoff comprises the infiltration-excess 

runoff (estimated using the widely recognised SCS curve 

number method of Conservation Engineering Division 1986) 

and runoff because of saturated soil. Any precipitation that 

does not run off is assumed to infiltrate.  

Actual evapotranspiration is taken as the area-weighted 

average of soil evaporation (estimated using the method of 

Ritchie 1972) and plant transpiration. Plant transpiration is 

assumed to occur at a rate proportional to the reference 

evapotranspiration (Allen et al.1998) depending on the plant 

type and soil water content. It occurs at the potential rate 

when the root zone soil water content is between field 

capacity and the limit of easily available water, and decreases 

linearly to zero at permanent wilting point under restricted 

water supply (Brisson 1998). For soil water contents above 

field capacity, it decreases linearly to zero when the root zone 

soil water content reaches saturation.  

 
Figure 3. Water flow processes and distribution in WaSim 

(After Hess et al., 2000). 

Conceptualisation of HRUs as Landscape Units (LUs) 

The river Ka catchment require a landscape to be 

subdivided into smaller areas or sub-units based on the 

heterogeneity which determines their hydrological responses 

(Arnold et al., 1998). Many researchers (Eagleson, 1978; 

Farmer et al., 2003; Triphathi et al., 2006) believe that this is 

the best approach in assessing the hydrological behaviour of a 

catchment. There is no standard procedure for deciding the 

number of LUs subdivision to adopt. The approach therefore 

depends on the number of heterogeneous features identified 

and the hydrological response components you are trying to 

assess. In this research, six major LUs, some of which are 

further sub-divided, are identified within the catchment. The 

six major LUs are as follows: 

 Towns  landscape units 

 Cultivated landscape units 

 Sealed surface landscapes units 

 Hard rock landscape units  

 Forest landscape units  

 Fadama landscape units 
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After identifying the different landscape units that are 

considered to behave in hydrologically distinctive ways, 

water balance modelling was carried out for each of the 

landscapes to better understand and quantify the importance 

of the different hydrological processes influencing the water 

balance.  

4.0. Results and Discussion 

The soil water balance simulations have been run for 10 

years (2001-2010) to see the variations of landscapes 

hydrological behaviour under wet and dry conditions.  

The runoff processes: In the overall water balance, the non-

fractured rocks has largest runoff contribution equalling about 

40 % of the runoff generated. The fadama has the second 

highest individual landscape contribution of runoff generated 

in the 10 year water balance having about 16 % of the total. 

Then followed by fractured rock landscapes with about 15 % 

of the total. This is not unexpected in view of the fact that the 

broken hard rocks occupy about 15 % of the total land area 

and a significant proportion of runoff from this landscape 

goes directly to the river.  

 
Figure 4. Percentage 10 year area weighted runoff 

contribution to the river from individual landscape unit. 

Despite the large total runoff from the two sealed 

surface landscapes, their relatively small size (5 % of total 

land area) compared to other landscapes shows that their 

weighted runoff contributions to the overall catchment water 

balance is small (14 %) compared to for example, the four 

cultivated lands with total land area of 30 %, which together, 

contributes about 20 % runoff to the river.  

The actual evapotranspiration (AET): The cultivated 

landscapes I - IV contribute the highest area-weighted AET in 

the catchment water balance as shown in Figure 6.0. The four 

landscapes together occupy about 30 % total land area of the 

catchment and contribute about 33 % of the total AET. The 

fadama has the second highest contribution equalling about 

18 % of the total AET. Despite the large AET contribution 

from the fadama of about 18 % in the water balance, its 

relatively small land area (10 %) compared to cultivated lands 

I-IV makes its contribution smaller than the former.  

 
Figure 5. Percentage 37 year area weighted AET 

contribution from unit landscapes. 

The built-up areas and hard rocks contributes similar 

amount of AET (10 % each) in the basin water balance 

despite the fact that hard rocks (broken and non-broken) 

occupy three times the land area (30 %) of the town 

landscapes (10 %). In hard rocks, the process is actual 

evaporation and not AET, and the dominant processes that 

take a larger proportion of the rainfall are surface runoff and 

fissure outflow. The sealed surfaces have the least AET in the 

total basin water balance, contributing only about 3 %. This is 

not unexpected because of the small land area and absence of 

vegetation on the surface.  

Groundwater outflow: Figure 7.0 shows that the highest 

contribution is the fissure outflow from fractured hard rocks 

alone accounting for about 55 % of the 10 year groundwater 

outflow. The non-fractured rocks do not have any outflow 

contribution to the water balance because the rainfall is 

annexed to runoff and evaporation. 

 
Figure 6. Percentage 37 year groundwater outflow 

contributions from individual unit landscapes. 

The cultivated lands (I-IV) and fadama contribute 

similar groundwater outflow (22 % each). The fadama has a 

small land area (10 %) compared to 30 % for the cultivated 

lands, but because of the run-on received from other 

landscapes as described earlier, this results in a high amount 

of groundwater outflow. The town landscapes contributes 

small groundwater outflow (1 %) to the basin water balance 

because runoff and AET takes a larger proportion of the 

rainfall. The forest landscapes however, did not produce any 

groundwater outflow because the high AET utilizes much of 

the water on these landscapes. Groundwater outflow is not 

allowed in the model for the sealed bare surfaces due to the 

surface nature of the landscape.  

5.0. Conclusion / Recommendation  

This paper developed a conceptual understanding of the 

processes governing the hydrological and hydrogeological 

responses in the basement complex region. The processes are 

demonstrated to be more complex than what is perceived and 

represented in most literature. Six major landscape units were 

identified which have significantly different hydrological 

behaviour which controls the water balance of the basement 

complex catchment. They represent the towns, cultivated 

lands, sealed surfaces, hard rocks, forests and fadama 

landscapes. The paper also identify that the hydrological 

processes within the basement complex area are influenced 

by the spatial variability of key landscape features including 

the vegetation characteristics, soil properties and the depth of 

the weathered material or regolith.  

The paper therefore has improved the understanding of 

the hydrological behaviour of the basement complex region, 

recommending that a unified rational approach to water 

resources planning and development that takes cognizance of 

actual hydrological behaviours of different landscape units is 
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needed to ensure water security. To address water security 

challenges during the dry season, the paper recommends the 

targeting of efforts to capture runoff from high generating 

landscapes during rainy season for storage in small earth 

dams or the augmentation of groundwater resources through 

artificial or enhanced recharge of aquifers in downstream 

areas with deep weathered zones. The areas with deep 

weathered material within the catchment identified in this 

research are crucial in any successful water resource 

development in the region. This will improve the livelihood 

of the people in the area through improved access to water 

during difficult times of the year.  
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