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Abstract
In complex hard rock terrain where the population suffers from water scarcity, the use of site-specific single-method sur-
face geophysical surveys to prospect for groundwater is a common practise. However, this has not completely solved the 
problem of drilling dry wells. To combat this failure, geospatial data and the analytical hierarchy process (AHP) are being 
used as supporting techniques to increase the chance of success. This study had the aim of generating a groundwater 
potential zones (GWPZ) map of the complex strato-volcanic terrain of Buea by integrating geospatial techniques, AHP, 
and the seismoelectric method. Five factors influencing groundwater recharge were used to define the groundwater 
potential zones. Via the AHP and weighted overlay methods, five classes of groundwater potential zones were delineated: 
very poor, poor, moderate, good, and very good. More than half of the study area has good to very good groundwater 
potential. Lastly, the GWPZ model is validated with an iso-conductivity map from a seismoelectric survey and existing 
static water level data. The iso-conductivity map revealed four main conductivity zones that correlate positively with the 
GWPZ map. The northwestern part of the study area is characterised by moderate groundwater potential, poor forma-
tion conductivity, and dry boreholes. There is an uneven distribution of groundwater and variable water table depth in 
the area. The results of this study are very encouraging, and the integrated approach used has proven to be efficient in 
determining groundwater potential zones in complex volcanic terrain.

Article Highlights

•	 More than 65% of the study area has good to very good 
groundwater potential, and these zones include the 
older basanites and gentle slope regions.

•	 The conductivities of the Younger and Recent basanites 
are very low, coinciding with moderate to poor ground-
water potential and occurrence.

•	 The groundwater table of Buea varies immensely, and 
it is directly proportional to the slope and elevation.
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1  Introduction

Inadequate management practises, a lack of national 
water policies, poor maintenance and deterioration of 
infrastructure, corruption, and a lack of adequate fund-
ing are some of the problems in developing countries 
that have resulted in water scarcity [1–4]. As a result, 
the population is now dependent on groundwater as an 
alternative and most reliable source of potable water. In 
the absence of springs, the only other access to ground-
water is through wells and boreholes. Nevertheless, the 
global distribution of groundwater is very uneven [5, 6], 
especially in active volcanic terrains where there is con-
stant deformation and change in landforms. Addition-
ally, the global groundwater table varies extensively [7], 
even within small regions like Buea. These are some of 
the causes of dry boreholes and deeper water levels in 
certain boreholes in Buea.

Buea, the study area, is situated on the active Mount 
Cameroon volcano and is noted for water scarcity, espe-
cially in the upland villages of Bova, Bonakanda, Bokova, 
Woteva, Ewonda, Bokwango, and Bwassa, with ever 
expanding populations. To solve this problem, individu-
als have been extracting groundwater through boreholes. 
However, even with the practise of site-specific geophysi-
cal surveys, there have been drilling failures with many 
existing dry boreholes. These frequent drilling failures are 
due to the geological complexity of the volcanic terrain, 
the lack of detailed geological and hydrogeological stud-
ies, and insufficient geophysical data. Geophysical surveys 
are more effective when used with a good understand-
ing of the geology and hydrogeological conditions of the 
area to be exploited. Hence, the assessment and zoning 
of groundwater potential and the planning and manage-
ment of groundwater resources are fundamental.

In addition to geophysical surveys, geospatial tech-
niques can be used for groundwater exploration [8–10]. 
Mapping of groundwater potential zones (GWPZ) is a 
prerequisite to detailed geophysical surveys for borehole 
placement. To evaluate the groundwater potential of a 
region and enhance drilling success, researchers around 
the world use remote sensing and GIS techniques that 
are time- and cost-effective [8, 9, 11–14]. Groundwa-
ter potential can be inferred from many groundwater 
recharge influencing factors such as lineament den-
sity, land cover, land use, drainage density, vegetation, 
aspect, rainfall, soil type, e.t.c., depending on regional 
peculiarities [12, 15–18]. These factors are classified and 
weighted using multi-influencing factors (MIF) and ana-
lytic hierarchy process (AHP) methods [8, 12, 19].

To help solve the water scarcity problem in Buea, this 
study is the first to integrate remote sensing, geospatial 

techniques, and geophysical surveys to demarcate the 
different groundwater potential zones. This was achieved 
by using factors influencing groundwater recharge 
potential in the area, which are lithology, slope, drain-
age density, lineament density and land use. Each the-
matic map, including lithology, slope, drainage density, 
lineament density, and land use, provides a firm indica-
tion of the occurrence of groundwater and its potential. 
Further validation of the groundwater potential zones 
was done using existing springs and boreholes and their 
static groundwater level data. The results obtained from 
this study will serve as a guide and tool for siting bore-
holes and will aid decision-makers and local authorities 
in future planning projects such as the zoning of new 
settlements and groundwater resource management.

2 � Location and geology

Buea is situated on the eastern slope of Mount Cameroon 
(Fig. 1), which is the highest mountain in West Africa, stand-
ing at 4095 m.a.s.l. [20]. It is the capital of Fako Division in the 
Southwest Region of Cameroon and has a coastal equatorial 
climate [21], with two major seasons: the dry season and 
the rainy season. The dry season starts in mid-October and 
ends in mid-March, while the rainy season goes from mid-
March to mid-October. February is the hottest month with 
an average temperature of 29 °C, and August is the cold-
est month with an average temperature of 26 °C. The mean 
annual temperature and precipitation of Buea are 27 °C and 
119 mm, respectively, with August being the wettest month 
with 326.7 mm of precipitation and January the driest with 
3.1 mm [22]. The vegetation type in this region is tropical 
evergreen forest that ranges from primary thick forest, sec-
ondary forest, and shrubs to savannah towards the peak of 
the mountain [23].

The geology of Buea is indicative of that of Mount Cam-
eroon, an active volcano that last erupted in the year 2000 
[24, 25]. Mount Cameroon is one of the volcanic centres of 
the Cameroon Volcanic Line (CVL) that runs from Pagalu 
Island in the Atlantic Ocean to Lake Chad [26–30]. Mount 
Cameroon is a stratovolcano that erupts both effusions of 
mafic lava and strombolian-style explosive lava [24]. The 
lithology of the Buea is composed of basanites, lahars, tra-
chyte, and trachybasalt [20, 24, 25, 31] (Fig. 1). These rocks 
show extensive fracturing. The fractures have more or less 
an N-S orientation.

3 � Materials and methods

To achieve the main aim of the current study, we fol-
lowed the procedure indicated in Fig. 2. Remotely sensed 
data were used to generate thematic maps, which were 
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Fig. 1   Geological map of a Cameroon, b Mount Cameroon [25], c study area (adapted from [25])
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integrated to produce the GWPZ map. An area of 12 km 
by 11 km in Buea was selected for the case study. Field 
verification and validation of the groundwater potential 
zones were conducted using the seismoelectric surface 
geophysical method, existing springs, and static ground-
water level data. The different stages are discussed in the 
following sections:

3.1 � Geospatial techniques

Geospatial techniques were used to delineate the dif-
ferent groundwater potential zones. The steps used in 
achieving this were: (1) identifying and mapping the 
different surface factors that are believed to control the 
recharge, runoff, occurrence, and storage of groundwa-
ter; (2) reclassification of each factor with respect to its 
influence on recharge; (3) assigning each thematic layer 

a rank and weight based on its relative importance to 
groundwater recharge; and finally, (4) integrating all the 
thematic maps in ArcGIS Pro using the weighted overlay 
method to generate the GWPZ map [10].

Five factors that include lithology, slope, lineament 
density, drainage density, and land use were used in this 
study. The slope and drainage density thematic maps 
were produced from SRTM DEM data with 30 m spatial 
resolution (SRTM1N04E009V3) using ArcGIS Pro. Linea-
ment density and land use thematic maps were gener-
ated from band 7 of Landsat 8 OLI data (LC08_L1TP_187
057_20170507_20170515_01_T1) that covers the study 
area [32], using ArcGIS Pro. The slope, drainage, and line-
ament densities were generated using the Spatial Ana-
lyst Tools, while the land use map was created using the 
Image Classification Tools of ArcGIS Pro. The lithology 

Fig. 2   Flow chart for the meth-
ods used to carry out this study
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map was reproduced from the geological map of Mount 
Cameroon after Ateba et al. (2009).

Lineament extraction to produce the lineament den-
sity map is a rigorous process that involves pre-processing, 
image enhancement, and image transformation of the 
Landsat 8 multispectral images using ENVI and PCI Geo-
matica software [33, 34]. Pre-processing involves radio-
metric correction (i.e., Radiometric Calibration and FLAASH 
Atmospheric Correction) and data resizing to the area of 
interest. Image enhancement involves Spectral Enhance-
ment and Spatial Filtering using a Directional Convolution 
Filter. Image transformation involves Image Sharpening 
using Gram_Schmidt Pan sharpening, Principal Compo-
nent Analysis, Minimum Noise Fraction (MNF), and Inde-
pendent Component Analysis [34, 35]. The lineaments 
were then extracted from the processed band 7 images 
using an automatic method [34, 36], with PCI Geomatica 
Banff. The Landsat image is processed to increase the 
qualities of tones and hues, image textures, lineaments, 
and their trends [33]. Lineaments here represent fractures, 
joints, and faults that act as pathways for water infiltration 
and groundwater flow.

3.2 � Analytic hierarchy process (AHP)

To avoid errors and preserve the geometric properties 
of the data imagery, all the thematic layers were harmo-
nised and projected onto a common Universal Transverse 
Mercator (UTM) coordinate system (WGS84 Zone 32 N) at 
30 m resolution. The five thematic maps produced from 
the above-mentioned processes were used as the five fac-
tors to generate the GWPZ map using the AHP. The AHP 
is a multi-criteria decision-making technique originally 
developed by Prof. Thomas Saaty [37]. It relies on weights 
calculation by finding the dominant right eigenvector of a 
positive reciprocal decision matrix based on pairwise com-
parison inputs and using the fundamental scale of values 
to represent the intensities of importance [37, 38]. Using 
the Analytic Hierarchy Process Online Software (AHP-OS) 
developed by Klaus Goepel, the five criteria (factors) were 
used for the pairwise comparison (pwc), based on the 
equations below [38].

With integers ai ∈ [0, 1], xi ∈ [1, M], M = 9 and i = 1 …npc, 
where npc is the number of pairwise comparisons and M is 
the decision matrix. For n criteria, the n x n decision matrix 
is then filled from pwc.

(1)pwc =
(

a1, a2 … anpc
)

,
(

x1, x2,… xnpc
)

(2)npc =
n2 − n

2

The five influencing factors with their weighted per-
centages were geoprocessed using Weighted Overlay 
under the Spatial Analyst Tools of ArcGIS Pro to generate 
the GWPZ map. All the input criteria were reclassified to 
integer rasters before they were used in Weighted Overlay. 
An output scale value of 1–5 selected from the Scale set-
ting was used to assign scale values for the criteria after 
setting the Evaluation Scale at 1–5, where 1 represents 
the lowest and 5 is the most favourable for groundwater 
recharge and occurrence.

3.3 � Verification and validation

Validation and field verification of the GWPZ map were 
carried out via surface geophysical surveys using the seis-
moelectric method and investigating the existing springs 
and static water levels.

The seismoelectric method involves the propagation 
of a seismic wave in a medium that induces an electrical 
field or causes the radiation of an electromagnetic wave 
[39]. Hence, the seismoelectric method involves the use 
of a seismic source and electric or magnetic field receiv-
ers. The ATS GeoSuite app was used as the receiver, while 
a sledgehammer generated the seismic wave. Sounding 
was done on 253 points spread over the study area. The 
data were collected during the dry season to avoid sea-
sonal aquifers and raised water tables due to infiltration 
from rainwater. It was entered into an Excel sheet, which 
was added to ArcGIS Pro, and then inserted into the geo-
statistical kriging method for interpolation to produce an 
iso-conductivity map of the study area that was used as 
field verification and validation of the GWPZ.

Other means of validation used are existing springs and 
the static water level in boreholes. Data from 240 produc-
ing boreholes, 10 dry boreholes, and 19 springs were used 
to validate the GWPZ.

4 � Results and interpretation

The results obtained on various aspects, namely lithology, 
land use, lineament density, drainage density, slope, seis-
moelectric survey, existing springs, and static water levels 
are discussed below.

4.1 � Factors influencing groundwater recharge

4.1.1 � Lithology

Lithology is the most important factor controlling 
groundwater recharge and occurrence in the study area 
(Table 1). For groundwater to be stored in aquifers, there 
must exist suitable lithological conduits for infiltration 
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and groundwater flow. These conduits are provided by 
the presence of fractures and the high primary porosity 
of pyroclastic rocks, which increases with age. The lithol-
ogy of Buea is made of basanites, lahars, trachytes, and 
trachybasalts of different ages (Fig. 3). These rocks occur 
as alternate layers of lava flow and pyroclastic rocks. The 
oldest basanites and trachytes/trachybasalts occur in the 
central and southeastern parts of the study area and divide 
the younger rocks in the north and southwest. The recent 
rocks can be found in the northwest, ascending Mount 
Cameroon. Based mainly on permeability, the rocks were 
reclassified and then ranked according to their influence 
on groundwater recharge (Table 1).

4.1.2 � Slope

Slope is one of the main factors that influence the recharge 
of aquifers in terms of surface water infiltration and run-
off. It is measured in degrees. The degree of slope deter-
mines whether a zone favours infiltration due to high 
residence time or runoff [11]. The steeper the slope, the 
higher the runoff and the lesser the infiltration of surface 
water. The steepest slopes occur in the western part, at 
the highest elevation. These slopes of greater than 19.00° 
have very low infiltration and cover about 1/5 of the total 

surface area of the study area (Fig. 4a). More than half of 
the study area is characterised by gentle slopes of less 
than 9.00°. The slope map is subdivided into five slope 
classes; 0.00–3.73°, 3.74–5.11°, 5.12–8.84°, 8.85°–18.90°, 
19.00°–45.80°, and further reclassified into very low, low, 
moderate, high, and very high (Table 1).

4.1.3 � Land use

Land use is the least influencial factor affecting ground-
water recharge in this study (Table 1). Nonetheless, it is 
a significant factor affecting the groundwater recharge 
process [40]. The land use includes built-up or developed 
areas, forest, herbaceous, and cultivated areas (Fig. 4b), 
classified using supervised classification on the composite 
image of band 423. The reclassified and ranked land use is 
shown in Table 1. More than 50% of the study area is domi-
nated by cultivated and herbaceous land. Cultivated and 
herbaceous land have the most effect on surface water 
infiltration into aquifers by increasing the infiltration rate. 
The forest zone has a thick canopy and occurs on steep 
slopes, thus reducing surface water percolation. Built-up 
and developed areas create a compacted terrain that seals 
the ground surface, thus preventing or reducing ground-
water recharge.

Table 1   Class ranking and 
percentage of thematic weight 
[12]

Factor/criterion (units) Class/value range Rating Reclassi-
fied value

Scale/rank Weight/priority

Lithology Younger basalts1 1 1 3 33.2
Recent basalts 2 1
Younger basalts2 3 3
Older basalts 4 5

Slope (°) 0.00000728–3.73 2 1 5 30.5
3.74–5.11 2 5
5.12–8.84 3 4
8.85°–18.9 4 2
19°–45.8 5 1

Lineament density (km/km2) Very low 3 1 3 18.4
Low 2 3
Moderate 3 4
High 4 5
Very high 5 5

Drainage density (km/km2) Very low 4 1 5 10.9
Low 2 5
Moderate 3 4
High 4 3
Very high 5 2

Land use Build up/Developed 5 1 3 7.0
Forest 2 1
Herbaceous 3 3
Planted/Cultivated 4 4
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Fig. 3   Lithology map of the 
study area

Fig. 4   a Slope map of the study area, b Land use map of the study area



Vol:.(1234567890)

Research	 SN Applied Sciences           (2023) 5:238  | https://doi.org/10.1007/s42452-023-05458-w

4.1.4 � Lineament density

Lineament density is the total length of linear features 
per unit area [41]. The greater the amount of lineament 
concentration and extension in an area, the greater the 
lineament density, and the greater the lineament density, 
the higher the probability of groundwater recharge. Line-
aments here may represent surface expressions of faults, 
folds, fractures, lithological boundaries, or rock contacts 
through which surface water could percolate or ground-
water could flow. The study area has a high lineament 
density (Fig. 5a). The highest lineament density occurs in 
Mile 16, Mile 17, Molyko, Small Soppo, Buea Town, Lissoka, 
and between Bokova and Bonakanda. The northwest of 
Ewonda, Bova, and Bonakanda show the lack of lineament. 
High lineament density zones are areas of high infiltration 
and recharge. The high lineament density zones were 
ranked the highest on a scale of 5, while the low lineament 
density zones were given ranks of 3 (Table 1).

4.1.5 � Drainage density

Drainage density is the ratio of the overall length of 
channels per unit of area [42]. The drainage pattern in 
the study area is dendritic, with most of the drainage 
originating from the mountain and highlands in the 
west (Fig. 5b). The drainage density is measured in km/
km2 and varies from 11.54 to 96.81 km/km2. Drainage 

reduces infiltration due to runoff. The low drainage den-
sity areas are positive for high infiltration rates, whereas 
the high drainage density areas are characterised by low 
infiltration rates. Low drainage density zones are found 
in the eastern lowlands and gentle slopes of the study 
area. The drainage density map was reclassified into five 
categories: very low, low, moderate, high, and very high 
(Table 1).

4.2 � Groundwater potential zonation

The groundwater potential zones of the study area were 
delineated by integrating lithology, drainage density, 
slope, lineament density, and land use thematic maps 
using geospatial techniques. The resulting weights for 
the influencing factors based on 10 pairwise comparisons 
by the AHP-OS are presented in Table 2. Figure 6 shows 
the bar chart of the resulting weights and their percent-
age error. The resulting weights are based on the princi-
pal eigenvector of the decision matrix below (Table 3). 
Through the weighted overlay technique, five ground-
water potential zones were delineated: very good, good, 
moderate, poor, and very poor (Fig. 7). From the ground-
water potential zones map, the best (very good) ground-
water potential zone is concentrated in the southeastern 
part of the study area, whereas the northwestern region 
has the poorest groundwater potential. Large parts of the 

Fig. 5   a Lineament density map of the study area, b Drainage density map of the study area
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study area fall within the good and very good groundwa-
ter potential zones.

4.3 � Model validation

4.3.1 � Seismoelectric survey

The results of the 1D seismoelectric grid survey of the 
study area are presented in Fig. 8. There is great variability 
in the conductivity of the formations between 40 and 60 m 
below the surface. Bonakanda, Bova and the northwestern 
zone of the map show very low conductivity. Most of the 
study area is composed of moderate to high formation 
conductivity. High conductivity implies a high electrical 
conductance of the medium due to the presence of water. 
The highest conductivities were registered in Mile 16, Mile 
17, Muea, and Molyko in the southeast.

4.3.2 � Existing springs and static water level

The existing boreholes in the study area were mapped, 
and their static water levels were used in validating the 
groundwater potential zones map. The study area has a 
lot of producing boreholes, the majority of which occur 
in very good groundwater potential zones (Fig. 9). The 
static water level in the boreholes varies considerably, 
from 10 m in the very good groundwater potential zone 
to 80 m in the good to moderate zones. Springs only 
occur in the very good groundwater zone, particularly 
where the groundwater table is low (10–40 m below the 
surface). Dry boreholes occur generally in the moderate 
groundwater potential zone at Bova, Bonakanda, and 
Bokova. These holes range from 60 to 110 m deep.

Table 2   Resulting weights for the five factors based on 10 pairwise 
comparisons

Consistency Ratio CR = 1.4%

Factor Weight (%) Rank

Lithology 33.2 1
Slope 30.5 2
Lineament density 18.4 3
Drainage density 10.9 4
Land use 7.0 5

Fig. 6   Bar chart of the resulting 
weights of the five factors and 
their percentage errors

Table 3   Decision matrix

Principal eigen value = 5.062, Eigenvector solution: 4 iterations, 
delta = 4.5E−9

Lithology Slope Linea-
ment 
density

Drain-
age 
density

Land use

Lithology 1 1.00 2.00 3.00 5.00
Slope 1.00 1 2.00 3.00 3.00
Lineament 

density
0.50 0.50 1 2.00 3.00

Drainage den-
sity

0.33 0.33 0.50 1 2.00

Land use 0.20 0.33 0.33 0.50 1
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5 � Discussion

5.1 � Groundwater potential zones

The five thematic maps that were integrated to generate 
the GWPZ map have different degrees of influence on 
aquifer recharge and thus groundwater occurrence and 
distribution potential, as demonstrated in similar studies 
[10, 11, 15, 40]. The weighted thematic maps have a con-
sistency ratio of 1.4% (0.014) (see Table 2), implying the 
reasoning of the AHP is consistent [15, 18], and the GWPZ 
map is reliable. The influencing attributes under lithology, 
slope, lineament density, drainage density, and land use 
have varied groundwater potentials classified as very poor 
to very good (Table 4). The importance of each thematic 
layer to groundwater recharge and occurrence is further 
discussed.

Low slope angles, high lineament densities, low drain-
age densities, herbaceous and cultivated land, and the 
older permeable basanites epitomise good to very good 

groundwater potential zones in the study area (Table 4). 
On the other hand, poor groundwater potential zones are 
typified by high slope, low lineament density (little or no 
surface lineaments), high drainage density, forest, and 
recent basanites. Large parts of the study area fall within 
the good and very good groundwater potential zones. 
This is mainly due to the geological nature of the terrain, 
which consists of lahars and old weathered and fractured 
basanites of high permeability, a similar situation noted 
by Serele et al. [20] in Madagascar. Geology (lithology and 
fractures) and topography also play major roles in infil-
tration and runoff [43]. Hence, the influence of land use 
on groundwater recharge is dependent on the underly-
ing geologic conditions and the topography [44], other 
than manmade structures. This explains why we have high 
groundwater potential in built-up and developed areas, 
even though these areas are characterised by low infiltra-
tion and high runoff.

The ability of formations to host groundwater 
depends on some geologic factors like rock age, 

Fig. 7   Groundwater potential-
ity map showing the ground-
water potential zones of the 
study area
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fracturing, and unconformity, all of which influence 
infiltration, percolation, and groundwater flow. Age 
increases the porosity of hard rocks as they become 
more porous and permeable due to weathering and 
deformation. These elucidate why the older basanites 
zone has the greatest groundwater potential (Fig. 7 and 
Table 4). Fracturing results in secondary porosity and 
permeability. Thus, high lineament density in the study 
area might be revealing of secondary porosity and per-
meability represented by fracture systems serving as 
conduits for the movement and storage of groundwa-
ter [12].

Slope has an inverse relationship with infiltration 
but a direct proportionality with runoff because sur-
face runoff is low on gentle slopes and plains, allowing 
more time for surface water infiltration into the sub-
surface and vice versa [8, 16, 44]. Gentle slopes in the 
eastern part of the study area have good to very good 
groundwater potential (Fig. 7 and Table 4). Similarly, low 
drainage density, which is associated with gentle slopes, 
favours reduced runoff, increased infiltration and good 
groundwater recharge [16, 40].

5.2 � Validation of the groundwater potential zones 
map

Validation of groundwater potential zone maps using 
surface geophysics and borehole yield data has been car-
ried out successfully elsewhere [11, 13]. The correlation of 
the GWPZ map with the seismoelectric (iso-conductivity) 
map gives agreeable results. The iso-conductivity map 
(Fig. 8) highlights the very good groundwater potenti-
ality of the southeastern part of the study area and the 
poor groundwater potentiality of the northwestern part 
(Fig. 7). It shows that the poor groundwater potential zone 
has very high apparent resistivity (low conductivity) and 
further confirms that the reason for the dry holes in Bova, 
Bonakanda, and Bokova is due to the very low conductiv-
ity of the formations. The very low conductivity implies no 
or little groundwater in this region. Low lineament density, 
high drainage density, young basanites, and steep slopes 
are also characteristic of this zone.

After the correlation between the groundwater potential 
zones map and the iso-conductivity map, additional valida-
tion was done by overlaying existing springs, boreholes, 

Fig. 8   Iso-conductivity map of 
study area as per 1D seismo-
electric survey
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and static water level data on the GWPZ map (Fig. 9). Under-
standing the spatial distribution of existing springs and the 
static groundwater level is very important in understand-
ing the groundwater resource distribution [13]. The reported 
static water level and spring data show a good correlation 
with the groundwater potential zones and iso-conductivity 
map. Springs are an expression of subterranean flow pro-
cesses that are otherwise accessible only through bore-
holes. Springs are common in volcanic terrain, particularly 
in lowland areas. All the springs in the study area occur in 
the older basanite formation at lower altitudes and gentle 
slopes within the “very good” groundwater potential zones 
with high formation conductivity. Almost all the productive 
boreholes fall within the very good groundwater potential 
zone in the built-up area and on gentle slopes. The concen-
tration of boreholes in the built-up area is an obvious sign 
of the high demand for water for human activities. From 
the groundwater potential zones map, it is evident that all 
boreholes with a static water level of 10–40 m are in the 

“very good” zone, whereas the dry boreholes occur in the 
“moderate to poor” zone with high resistivity (very low con-
ductivity). This high resistivity zone also correlates with the 
occurrence of younger volcanic rocks. This further confirms 
that mainly the geological setting controls the occurrence of 
dry and producing boreholes, since all dry boreholes occur 
in the younger basanites and trachytes/trachybasalts zone, 
which also displays gentle slopes, low drainage density, high 
lineament density, and cultivated and herbaceous land. 
Another notable observation is that as we move from the 
“very good” to “poor” zones, which also correspond to gentle 
slopes to steep slopes, the static water level drops deeper.

6 � Conclusions

This study displays the efficiency of employing an inte-
grated approach of remote sensing, geophysical, exist-
ing springs, and static water level data in prospecting for 

Fig. 9   Validated groundwater 
potential map of study area
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groundwater in volcanic terrain. Employing geospatial 
techniques, five groundwater potential zones were deter-
mined using five primary groundwater recharge control-
ling parameters that include lithology, slope, drainage 
density, lineament density, and land use. An iso-conduc-
tivity map used to verify the GWPZ map highlighted four 
groundwater potential zones, which are in strong cor-
relation with those on the GWPZ map. More than half of 
the study area falls in the "good" to "very good" zones, 
indicating most of the study area has good groundwater 
potential. These results were validated by existing springs 
and static water level data overlays. The spatial distribution 
of the existing springs and the static water level is in close 
agreement with the GWPZ and iso-conductivity maps. 
The moderate groundwater potential zone, the very low 
conductivity zone, the geology of the terrain, the absence 
of springs, and the dry boreholes explain the scarcity in 
water supply being experienced in Bova, Bonakanda, and 
Bokova. The final map can be used to increase the success 
ratio of installing groundwater boreholes and as a guide 
for decision-making regarding sustainable groundwater 
development and management.

This integrated approach for groundwater prospecting 
is recommended in both urban and remote areas in order 

to obtain effective results. Furthermore, due to the higher 
cost of geophysical surveys, it is also recommended that 
remote sensing and geospatial techniques be used as a 
time- and cost-effective approach to selecting sites for 
field geophysical surveys before drilling boreholes.
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