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Abstract: With the increase in population in certain urban areas, resulting in the sometimes 
uncontrolled expansion of cities, the increase in water requirements and the multiplication of sources 
of groundwater pollution, it is very important to know the boundaries of even the most complex 
aquifers in the world in order not only to guarantee their sustainable use, but also to keep them at a 
safe distance from sources of pollution, especially anthropogenic. Many of the world's cities draw 
their water from great distances because the aquifers they contain were not identified and preserved 
at the time they were built and developed. Just as it can be difficult to know the geometry of pollution 
sources, it is equally complex to know the geometry of aquifers, especially in granitic or gneissic 
bedrock. This paper examines the impact of uncontrolled urbanisation on potential aquifers. To do 
this, it uses an approach that integrates field and remote sensing data in the Analytic Hierarchy 
Process (AHP) through Geographic Information Systems (GIS), combined with piezometry data used 
in a clusterisassion to delimit potentially aquiferous zones in an environment characterised by poorly 
controlled urban growth. This approach uses spatial representation to delimit potentially aquiferous 
zones in urban and peri-urban environments. Given the anarchic nature of certain urban 
developments, this work shows that several aquifers in many urban areas may still be threatened by 
anthropogenic pollution and deserve to be preserved. Furthermore, the preservation of these aquifers 
in urban and peri-urban areas seems to require more urgent and robust policies from both 
governments and development partners if they are to be preserved and used sustainably. 

Keywords: remote sensing and GIS; AHP; Groundwater forecast maps; cluster; urbanisation; 
pollution 
 

1. Introduction 

Groundwater is very important for towns and suburbs [1–10]. In a number of countries around 
the world, many NGOs and donors are spending a lot of money to help people build wells and 
boreholes to supply themselves with water [3]. If the reservoirs that supply these cities are not 
preserved, all this investment and aid will have no effect. What's more, some cities, such as New 
York, Shanghai, Tokyo, Paris, Lisbon, London and Berlin, are spending colossal sums to draw their 
water supplies from several kilometres away [11,12]. Studies [8,11–23] show that the preservation of 
aquifers in the face of urban and demographic growth worldwide remains a major concern. To 
achieve the targets set out in the 2030 WHO roadmap [22], it is very important to know the boundary 
between latrine pits and aquifers. While it is easy to know the geometry of latrine pits, it is complex 
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to know the geometry of aquifers, especially in gneissic and alteritic basement environments. This 
paper examines the impact of uncontrolled urbanisation on potential aquifer areas. To do this, it uses 
and tests an approach that integrates field and remote sensing data in the AHP through GIS, 
combined with piezometry data used in a clusterisation to delimit potential aquifer zones in the face 
of uncontrolled urban thrust. This approach uses spatial representation to juxtapose the potential 
aquifer zones identified in relation to urban and peri-urban areas. 

2. Material and Method 

2.1. Materials 

2.1.1. Study Area 

The study area is located between latitudes 3°42’ and 3°57’ North, and longitudes 11°24’ and 
11°34’ East with an estimated population of 4,509,287 in 2023 according to World Population Review, 
spread over an area of 289 km², compared with 3,096,782 in 2015 (Figure 1). It is undergoing rapid 
and uncontrolled urbanisation where buildings are built on one level, destroying vegetation, 
wetlands and waterways as in some of the world's cities… The altitude of the study area varies from 
630 to 1200 m above mean sea level (masl). Normal annual rainfall varies from 20 to 290 mm, the 
average minimum temperature is about 18°C and the average maximum temperature is 28°C. There 
are 4 main seasons including 2 rainy seasons (major and minor) and 2 dry seasons (major and minor). 

 
Figure 1. Map of the study area. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2025 doi:10.20944/preprints202502.0567.v1

https://doi.org/10.20944/preprints202502.0567.v1


 3 of 22 

 

2.1.2. Thematic Layers 

Geological setting 
According to [23], the Precambrian basement of southern Cameroon comprises several 

metamorphic series (Figure 2). The Yaounde series, affected by the Pan-African orogeny (600 and 500 
My), is mainly composed of gneisses and garnet migmatites, derived from ancient granitised and 
metamorphosed sediments [24]. This series consists of two major migmatitic units [24]: a meta-
sedimentary unit or paragneiss and a metaplutonic unit or orthogneiss (Figure 2). The paragneisses 
are mainly composed of garnet and disthene gneisses, garnet and plagioclase gneisses, marbles and 
scapolitic rocks. The orthogneisses are characterised by intrusive pyriclasites in the metasedimentary 
unit, garnet pyribolites, pyroxenites and biotite rich rocks. 

 

Figure 2. Geological map. 

Geomorphology 

Geomorphological units are important aspects of the physical characteristics of the land surface, 
estimation of topography, hydrogeological investigations and identification of groundwater 
resources [25]. The South Cameroon plateau is a platform with an average altitude of 700 m (Figure 
3) (Table 1). The most remarkable gneissic massifs, which reach an altitude of over 1000 m, are found 
to the west of the study area. Geomorphological studies, particularly those on orography, show that 
these massifs are concentric and thus describe a multi-circular structure 19 km in diameter and 418 
m deep, located to the south-east of the elliptical depression of the study area. Two rings are 
highlighted, an outer, almost circular ring of 19 km in diameter and an inner circular ring of 8 km in 
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diameter eccentric to the south. These rings are separated by valleys of descending centripetal 
elevations illustrating a stepped relief. Hydrographic analysis reveals a general dendritic network, 
supported by rectangular, collinear and parallel networks. At the level of the circular structure, a 
particular radial and circular network is established, characteristic of the above-mentioned rings. This 
evidence of radial and circular hydrography coupled with the massive ring arrangement, confirms 
the presence of a closed, circular, multi-ringed depression in the western sector of the study area 
whose ramparts correspond to the highest surface of the southern Cameroonian plateau. 

 

Figure 3. Geomorphological map. 

Table 1. Classes of geomorphology. 

Elevation (m) Area (km2) Percentage (%) 
890 -1155 4.98 1.97 
795-890 11.06 4.38 
738-795 55.51 21.99 
701-738 80.72 31.98 
636-701 7.50 2.97 

Land Use and Land Cover (LULC) 
The LULC map is important for monitoring soil water infiltration rates and surface runoff 

[26,27]. It is derived from Landsat 8 satellite imagery (OLI), prepared and interpreted using 
classification in ArcGIS 10.5 and plays an important role in the existence and development of 
groundwater. In the study area, the classification of the different LULCs was done in five main 
categories (Figure 4). It was found that wetlands occupy an area of 19.8 km2, built-up areas 28 km2, 
wastelands 62.70 km2 and agricultural land 201.3 km2 (Table 2), which shows that built-up areas and 
agricultural land reduce the recharge rate of groundwater and runoff [28]. 
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Figure 4. Land use map. 

Table 2. LULC. 

LULC Area (km2) Percentage (%) 
Water body 19.8 7.84 
Vegetation 28 11.09 
Waste land 62.7 24.84 
Agriculture 20.13 7.97 
Built-up 121.76 48.24 

Density of lineaments 

Lineament refers to linear or curvilinear surface features such as crustal fractures, shear zones, 
faults, rift zones, bedding and major tectonic boundaries [29–31]. The density of lineaments in the 
research area varies from 0.00 to 7.19 km/km2. Five main classifications were made for these lineament 
densities; 0.00-1.43; 1.43-2.87; 2.87-4.31; 4.31-5.75; 5.75-7.19. The areas with high lineament density 
show a high potential for groundwater prosperity. In contrast, areas with less lineament density on 
the map show poor groundwater potential (GWP) [32]. Figure 5 shows the lineament density of the 
study area and Table 3 shows the different lineament density classes. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 February 2025 doi:10.20944/preprints202502.0567.v1

https://doi.org/10.20944/preprints202502.0567.v1


 6 of 22 

 

 

Figure 5. Density of lineaments. 

Table 3. Different classes of lineament density. 

Lineament density (km/km2) Area (km2) Percentage (%) 
5.75-7.19 1.81 0.71 
4.31-5.75 8.28 3.25 
2.87-4.31 21.43 8.40 
1.43-2.87 68.05 26.69 
0-1.43 155.39 60.95 

Drainage density 

On the other hand, a high drainage density will be conducive to high water runoff, and therefore 
this type of area shows a low water potential. Low drainage density allows less water runoff and 
shows good GWP [33–35]. Drainage density in this study varies from 0.00 to 17.18 km/km2 and is 
divided into five categories such as 0.00 to 1.54 km/km2; 1.54 to 4.10 km/km2; 4.10 to 6.87 km/km2; 6.87 
to 9.97 km/km2 and 9.97 to 17.18 km/km2 (Figure 6). The Table 4 represents the drainage density 
attributes. 
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Figure 6. Drainage density map. 

Table 4. different classes of drainage density. 

Drainage density (km/km2) Area (km2) Percentage (%) 
0-1.54 115.27 45.67 
1.54-4.10 45.67 22.56 
4.10-6.87 37.00 14.66 
6.87-9.97 29.76 11.79 
9.97-17.18 13.39 5.30 

Slopes 

Figure 7 shows that the slopes of the region have a direct impact on water infiltration [35,36] and 
the distribution by area of each slope class is shown in Table 5. They vary from 0.00° to 38.58° and 
are subdivided into three main classes which are (1) steep slopes (19.36° to 38.58°), which are given 
the lowest ranking for GWP. The rate of water infiltration in this area becomes much lower and causes 
high runoff; (2) the medium slopes (3.48° to 19.36°) of medium GWP; (3) the lesser slopes (0.00° to 
3.48°) are assigned the highest ranking due to high water infiltration. All these results show that 
slopes in the study area have a direct impact on water infiltration [33]. 
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Figure 7. Slope map. 

Table 5. different classes of slopes. 

Slope (in degree) Area (km2) Percentage (%) 
19.36-38.58 4.78 1.89 
11.34-19.36 10.17 4.03 
6.50-11.34 46.31 18.35 
3.48-6.50 110.73 43.87 
0.00-3.48 80.37 31.84 

2.2. Method 

2.2.1. Analytic Hierarchy Process (AHP) 

AHP is a widely used and reliable method for assigning weights to several criteria in spatial 
decision-making [36,37]. It involves a pairwise comparison method in which each criterion is given a 
score relative to the other criteria, followed by a valid consistency check [37,38]. 

Influencing factors for GWP zones 

This study uses and tests an approach that integrates remote sensing and field data in the AHP 
through GIS, combined with piezometry data used in a clusterisation to delineate aquifer zones in an 
alteritic complex. To achieve this, Six influencing parameters such as geology (GE), elevation (EL), 
slope (SL), LULC, lineament density (LD) and drainage density (DD) were considered. Their thematic 
maps were analysed according to the Multi-Criteria Decision Making (MCDM) and AHP using 
standardised weights to evaluate the groundwater exploration areas. A geological map acquired 
from the Geological and Mining Research Institute of Cameroon (IRGM) was used. The topographic 
elevation maps, Drainage network, and slope of the study area, drawn by the SRTM DEM model at 
30 m spatial resolution. The lineament density map of the study area was generated from Landsat-8 
(OLI (January 2020)) satellite imagery assessed by the United States Geological Survey (http://earth 
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explorer.usgs.gov) with a spatial resolution of 30 m. Automatic lineament extraction was performed 
using the lineament module of the PCI Geomatica software package [41]. In the present study, the 
LULC map was prepared at 1: 25,000 scale from the Landsat-8 TM image using image interpretation 
features such as tone, texture, drainage and relief. In the study area, the land use classification and 
land cover map were supervised by a learning classification method using the maximum likelihood 
classifier (MLC) in ArcGIS 10.5 (Table 6, Table 7), where each parameter was assigned a specific 
weight according to its relative importance in determining the presence of groundwater from the 
AHP (Table 7) [35,36,40–42]. 

The criteria were compared in pairs using the Saaty scale for each level of the hierarchy (Table 
6). This scale, ranging from 1 to 9, expresses the intensity of preference of one criterion over another. 

Table 6. Scale of the pairwise comparison [35–37,40–42]. 

Intensity of Importance Definition 
1 Equal Importance 
2 Equal to moderate importance 
3 Moderate importance 
4 Moderate to strong importance 
5 Strong importance 
6 Strong to very strong importance 
7 Very strong importance 
8 Very to extremely strong importance 
9 Extreme importance 

Pair-wise comparison matrix 

𝐵௜௝ =
⎣⎢⎢
⎢⎢⎢
⎢⎢⎡

𝑏ଵଵ 𝑏ଵଶ 𝑏ଵଷ ⋯ 𝑏ଵ௝ିଵ 𝑏ଵ௝1 𝑏ଵଶൗ 𝑏ଶଶ 𝑏ଶଷ ⋯ 𝑏ଶ௝ିଵ 𝑏ଶ௝1 𝑏ଵଷൗ 1 𝑏ଶଷൗ 𝑏ଷଷ ⋯ 𝑏ଷ ௝ିଵ 𝑏ଷ௝⋮ ⋮ ⋮ ⋱ ⋯ ⋮1 𝑏௜ିଵ ଵൗ 1 𝑏௜ିଵ ଶൗ 1 𝑏௜ିଵ ଷൗ ⋯ 𝑏௜ିଵ ௝ିଵ 𝑏௜ିଵ ௝1 𝑏௜ଵൗ 1 𝑏௜ଶൗ 1 𝑏௜ଷൗ ⋯ 1 𝑏௜ ௝ିଵൗ 𝑏௜௝ ⎦⎥⎥
⎥⎥⎥
⎥⎥⎤
 (4)

Where bij are 1 for i=j and indicate equal importance between criteria and are greater than 1 for i≠j in 
case of importance. 

Table 7. pair-wise comparison matrix. 

  Geology Geomorphology LULC Lineament density Drainage density Slope 
Geology 1.00 2.00 3.00 4.00 4.00 6.00 

Geomorphology 0.50 1.00 2.00 3.00 3.00 5.00 
LULC 0.33 0.50 1.00 2.00 3.00 5.00 

Lineament density 0.25 0.33 0.5 1.00 2.00 3.00 
Drainage density 0.25 0.33 0.33 0.50 1.00 2.00 

Slope 0.16 0.20 0.20 0.33 0.50 1.00 

Estimation of relative weights 

The pairwise comparison matrix (Table 7) is normalised (Table 8) to obtain relative weights. The 
theme element values were divided by the sum of the values in the corresponding column of the 
pairwise comparison matrix as in equation (5) [35–37,40–42]. 
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𝐷௜௝ = 𝐵௜௝𝑇௜௝  (5)

Where Bij are the elements of the peer comparison matrix, Tij the total of the elements of the 
corresponding column of said matrix and Dij represents the normalised peer comparison matrix. [35–
37,40–42]. 

Table 8. normalised pair-wise matrix. 

  Geology Geomorphology LULC Lineament 
density 

Drainage 
density 

Slope 

Geology 0.40 0.46 0.43 0.37 0.30 0.27 
Geomorphology 0.20 0.23 0.28 0.28 0.22 0.22 

LULC 0.13 0.11 0.14 0.18 0.22 0.23 
Lineament density 0.10 0.08 0.07 0.09 0.15 0.14 
Drainage density 0,1 0.08 0.05 0.05 0.07 0.09 

Slope 0.07 0.05 0.03 0.03 0.04 0.05 

To find an average value for i in equation (6), each normalised pairwise matrix member is 
divided by n. 𝐶௜ = 𝐷௜௝𝑛  (6)

Ci represents a certain typical mass. The eigenvectors and eigenvalues are essential for determining 
constraints and determining the relative importance of the topic layer. To determine the eigenvector, 
the sums of the columns are divided by the number of items in the columns. The fundamental 
eigenvector was computed by arithmetically averaging the rows, so revealing the relative importance 
of each parameter. Using equation (7) to construct a stable vector, the values of a normalised pairwise 
matrix was multiplied by a pairwise comparison matrix based on selected thematic layers [35–37,40–
42]. 𝜆 = ෍ 𝐵௜௝ ∗ 𝐷௜௝ (7)

Delineation of Groundwater Potential Zone (GWPZ) 
GWPZ represent dimensionless areas that predict the potential groundwater zones in a region 

[43]. The total GWP map was created when the raster calculator tool in the ArcGIS 10.5 environment 
was used to execute Equation (9). Information from the aforementioned layers was combined in the 
ArcGIS environment to create the GWPZ map [44].  𝐺𝑊𝑃𝐼 = ∑ ∑ (𝑊௜ × 𝑋௜)௠௪ୀଵ௡௜ୀଵ   (8)

Where Wi is the normalised weight of the thematic layer j, Xj is the rank value of each class with 
respect to layer j, m is the total number of thematic layers and n is the total number of classes in a 
thematic layer. The GWPI for each grid was calculated using equation (2):  𝐺𝑊𝑃𝐼 = 𝐺𝐸௪𝐺𝐸௥ + 𝑆𝐶௪𝑆𝐶௥ + 𝐷𝐷௪𝐷𝐷௥ + 𝑆𝐿௪𝑆𝐿௥ + 𝐿𝐶௪𝑆𝐶௥ + 𝐿𝐷௪𝐿𝐷௥ + 𝐺𝑀௪𝐺𝑀௥ (9)

Where GEw and GEr are the weight of a feature and the rate of geology, SCW and SCr are the 
weight of a feature and the rate soil cover , DDw and DDr are the weight of a feature and the rate of 
drainage , SLw and SLr are the weight of a feature and the rate of slope , LCw and LCr are the weight 
of a feature and the rate of land cover ,LDw and LDr are the weight of a feature and the rate of 
lineament density, GMw and GMr are the weight of a feature and the rate of geomorphology 
individual subclasses of a feature according to their relative importance for groundwater potentiality; 
LC, land cover; DD, drainage density; SL, slope; SC, soil cover; LU, land use; LD, lineament density; 
and GM, geomorphology. The indices "w" and "r" representing the rating ranges of 1 to 5 were 
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considered, where the scores of 1, 2, 3, 4 and 5 represent very poor, poor, moderate, good and very 
good, respectively, in terms of groundwater storage potential [28]. 

Assignment and normalisation of weights 

The assignment of standardised weights using the AHP was developed by [37]. This AHP 
method is a widely used MCDM procedure for natural resources, land suitability analysis and 
ecological risk assessment. The GIS-based AHP technique has been developed by the international 
academic network as a key asset for studying complex spatial choice issues [43]. The comparison 
scores are on the Saaty scale from 1 to 9 [37]. The highest weights were assigned to the themes of 
good groundwater potentiality and the lowest weights to poor groundwater potentiality. To 
determine the weight of each thematic layer, comparison scores on the Saaty scale were prepared and 
filled in by experts (hydrogeologists, geologists, etc.) from the study area. The final weights of the 
themes and their characteristics were standardised by adopting the MCDM technique (i.e., the AHP 
technique proposed by Saaty). The AHP strategy normalises the assigned weights using the 
eigenvector technique, which reduces the bias/subjectivity involved in the assigned weights. The 
consistency of the normalised weights was checked by calculating the consistency ratio for different 
themes and their characteristics [18,37] recommended that the assigned weights should be consistent 
only when the consistency ratio remains within 10%, otherwise the weights should be reconsidered 
to remove the irregularity. The calculation of the consistency ratio is done in three steps: (1) the 
principal eigenvalue (λmax) was calculated by the eigenvector technique, (2) the coherence index (CI) 
was calculated as follows [37]. 𝐶𝐼 = 𝜆௠௔௫ − 𝑛𝑛 − 1  (3)

Where n is the number of factors 
The consistency ratio is obtained by: 𝐶𝑅 = 𝐶𝐼𝑅𝐼 (4)

RI being the random coherence index for n criteria. 

Standard weights for thematic layers 
Weights were assigned to the thematic layers as shown in the Table 9, the normalised peer 

comparison matrix (Table 8) and the different weights were obtained (Table 9) [15]. The assignment 
of scores to the classes in a thematic layer is related to their relative importance for GWP. Scores from 
1 to 5 were selected, where scores 1, 2, 3, 4 and 5 represent very poor, poor, moderate, good and very 
good groundwater storage potential respectively. As stated in the procedure, the standard weights 
of the seven themes and their characteristics are obtained using the AHP and Saaty's eigenvector 
technique (reference). All thematic layers were then analysed against each other in a pairwise 
comparison matrix and the calculation of standard weights for the different themes using AHP as 
shown in Figure 8. The thematic layer classes for all parameters and their corresponding evaluations 
are presented in Table 9. The average value of the coherence vector is 0.025. The value of the 
coherence index (CI) is 0.031. This shows that there is a significant dimension of coherence in the 
pairwise comparison, and thus the weights assigned to the different themes are 0.04, 0.07, 0.10, 0.17, 
0.24 and 0.37 (i.e., 4%, 7%, 10%, 17%, 24% and 37%) can be assigned to geology, drainage density, 
slope, LULC, linear density and geomorphology, respectively (Figure 8). 

Table 9. Distribution of the different weights. 

S.no. Influence factor Classes potentiality
Criterion 

weight Rank 
Normalised 

weight 
1 geology Gneiss Poor  2.00 0.37 

2 Geomorphology 636-701 m 
701-738 m 

Very good 
Good 

0.35 
0.25 

5.00 
4.00 0.24 
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738-795 m 
795-890 m 
890-1155 m 

Very poor 
Very poor 
Very poor 

0.2 
0.15 
0.05 

1.00 
1.00 
1.00 

3 LULC 

Water 
bodies 
Built-up 
Wasteland 
Forest 
Agricultural 
Land 

Very good 
Very poor 
Poor 
Moderate 
Good 

0.47 
0.3 
0.125 
0.08 
0.025 

5.00 
1.00 
2.00 
3.00 
4.00 

0.17 

4 Lineament density 
(km/km2) 

0-1.43 
1.43-2.87 
2.87-4.31 
4.31-5.75 
5.75-7.19 

Very poor 
Poor 
Moderate 
Good 
Very good 

0.01 
0.19 
0.23 
0.27 
0.3 

1.00 
2.00 
3.00 
4.00 
5.00 

0.10 

5 Drainage density (km/km2) 

0-1.54 
1.54-4.10 
4.10-6.87 
6.87-9.97 
9.97-17.18 

Very good 
Good 
Moderate 
Poor 
Very poor 

0.34 
0.23 
0.16 
0.15 
0.12 

5.00 
4.00 
3.00 
2.00 
1.00 

0.07 

6 Slope (°) 

0.00-3.448 
3.48-6.50 
6.50-11.34 
11.34-19.36 
19.36-38.58 

Very good 
Good 
Moderate 
Poor 
Very poor 

0.5 
0.3 
0.12 
0.05 
0.03 

5.00 
4.00 
3.00 
2.00 
1.00 

0.04 

The method of delineating the groundwater exploration areas in the study area, demonstrated 
using a workflow diagram, is shown in (Figure 8). The groundwater exploration areas were 
influenced by factors such as geology, geomorphology, land use and cover, slope, lineament density 
and drainage density [8]. These thematic layers were converted into a raster format and re-ranked 
according to the assigned weight. Appropriate weights and ranks were assigned to each influence 
factor and its sub-classes in the thematic layers. These weights were assigned based on their 
suitability for groundwater storage and flow and the various control factors, and the weights were 
therefore linked to previous literature reviews and expert opinion. The weights for each thematic 
layer and its classes, with higher weights or ranks indicating high GWP and lower weights indicating 
low GWP [28]. The integration of all thematic layers and their weights were calculated by weighted 
summation and product analysis in the GIS platform [19]. 

The piezometric map was obtained by ordinary kriging after testing several variogram models 
by cross-validation using 14 of the 173 points in total. With a standard error of 2.26 m, the spherical 
variogram was the most appropriate. The cluster logic technique is a procedure that classifies variable 
objects into groups (clusters) based on similarity or dissimilarity. Cluster analysis involves 
computational procedures that aim to reduce a data set to several relatively homogeneous groups. 
The similarity of objects is studied by the degree of similarity (correlation coefficient and/or 
association coefficient) or by the degree of distance dissimilarity (distance coefficient). Cluster 
analysis methods are based on clusters classified as hierarchical or non-hierarchical methods. 
Hierarchical cluster analysis methods consider analysed objects in a hierarchical system of clusters. 
This system is defined as a system of mutually distinct non-empty subsets of the initial set of objects. 
The main feature of hierarchical cluster analysis methods creates a decomposition of the initial set of 
objects, in which each of the partial decomposition clarifies the next or previous decomposition. 
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Figure 8. Diagram for identifying aquifer zones. 

2.2.1. Validation of the GWPZ 

The aim of the validation is to check whether the GWP model is capable of reproducing 
variations in piezometry [45]. 

In other words, we want to see whether the two variables are highly correlated and whether 
variations in one lead to similar variations in the other. 

The data used to assess the relevance of the GWP model are geographical location and 
piezometry. Principal Component Analysis (PCA) was used to explore the relationships between 
these four variables. The aim is to reduce the dimensionality of the data and highlight the strongest 
correlations [45]. All the variables are highly correlated with each other, suggesting that they are 
linked to the same phenomenon (Table 10). The high correlations between piezometry and GWP (0.9) 
suggest good agreement between the two variables. This indicates that the potential model is capable 
of capturing general trends in piezometry. Both variables are strongly correlated with the first factor 
(geographical factor) (Table 11) suggesting that spatial variations in piezometry are well reproduced 
by the potential model. The importance of this factor is 78%. The information from this analysis can 
be seen in Figure 9, which shows the correlations between the variables and the factors (components) 
in 3D space. 

Table 10. Correlation matrix. 

 Longitudes Latitudes Piezometry GWPI 
Longitudes 1 0.6 0.8 0.7 
Latitudes 0.6 1 0.62 0.66 

Piezometry 0.8 0.62 1 0.9 
GWPI 0.7 0.66 0.9 1 
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Table 11. Correlation between variables and factors. 

 
 

Factors 
 3.15 0.46 0.31 0.08 

Variables 

Longitudes -0.49 0.28 0.78 0.25 
Latitudes -0.45 -0.89 0.06 -0.1 

Piezometry -0.53 0.34 -0.22 -0.75 
GWPI -0.52 0.16 -0.16 0.61 

 

Figure 9. hyper-sphere of correlations. 

3. Results 

3.1. Groundwater Potential Map 

The GWPZ Figure 10 were established using equation (2), GIS and AHP techniques. Figure 10 
shows the GWPZ grouped into three classes: high potential zones, medium potential zones and low 
potential zones. Table 12 shows the proportions of each classes. The high potential zones occupy 
16.15% of the total area of the study area, the medium potential zones occupy 76.41% and the low 
potential zones occupy 7.42%. From this distribution, it can be seen that the study area is mainly 
made up of areas with medium GWP. The high GWPs are mainly located in areas with low slopes, 
high lineament densities and high drainage densities. Low GWPs are found in areas with steep 
slopes, low lineament densities and low drainage densities. 
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Figure 10. GWPZ map. 

Figure 11 shows that 7.42 % of the study area is in poor groundwater distribution, 76.41 % in 
moderate and 16.15 % in good. 

 

Figure 11. Spatial distribution of GWPZ. 

76.41%

16.15%
7.42%

Moderate Good Poor
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Table 12. Different classes of GWP. 

GWP Area (km2) Percentage (%) 
Poor 18.74 7.42 
Moderate 192.86 76.41 
Good 40.77 16.15 

3.2. Result Using Piezometry 

Figure 12 shows that the piezometric level varies between 668.13 m and 769.88 m from mean sea 
level (Table 13), lower in the south than in the north of the study area, correlating positively with the 
relief data. 

 

Figure 12. Piezometric map. 

Table 13. Different piezometric classes. 

Piezometry (m) Area (km2) Percentage (%) 
668.13-682.10 45.67 18.09 
682.10-701.65 28.71 11.37 
701.65-722.00 35.53 14.07 
722.00-739.16 80.26 31.80 
739.16-769.88 62.20 24.64 

3.3. Result Using Cluster 

Figure 13 shows the dendrogram which divides the piezometric levels in the area into four 
classes, each of which illustrates an aquifer. Clusters 2 and 3 are the closest and indicate similar 
aquifer zones. Clusters 1 and 4 are the furthest away and show two other main aquifer groups. 
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Figure 13. Cluster dendrogram of piezometric levels. 

4. Discussion 

The integrated aquifer map presented in Figure 14 shows that there are two aquifers in the north 
and two aquitards in the south. 

This work also shows that the area of maximum drainage correlates with the area of maximum 
lineament density which coincides with the area of the Mfoundi riverbed, showing that the study 
area is highly fractured. Figure 15 shows the percentage of water distribution. It can be observed that 
the study area is characterised by a scarcity of water in aquifers, so it is necessary to preserve the few 
aquifers that exist, because if the air temperature increases, evapotranspiration will occur and the 
aquifers will have difficulty being recharged. 

It has often been proven that in the basement environments, the areas with a greater density of 
lineaments when they cross the drainages are areas of water accumulation. Based on this, calculations 
show that the north and the south of the study area can be favourable to groundwater accumulation. 
The lineaments play an essential role and north and south of the study area seem to be favourable 
sectors for groundwater movement due to their high density. The cluster map and the statistical 
analysis allowed us to find 4 aquifers in the study area. 

Combining this map with the map of potential areas, we obtained the integrative aquifer map 
(Figure 14). This figure shows that the aquifers in the study area are complex. They only share water 
with the Mfoundi, which is the main collector in the area. This map shows that latrine pits can easily 
contaminate aquifers. Taking into account the work of [9], we can conclude that there are 4 aquifers 
in the study area. 
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Figure 14. Aquifer zones identified. 

Figure 15 and Table 14 show that only 31% of the study area is potentially aquifer-bearing, 
proving that the aquifers in the area are erratic. Figure 16 shows that urbanisation is becoming 
increasingly important in areas containing aquifers. Given the anarchic nature of construction, this 
work shows that these aquifers and many others throughout the world are highly exposed to 
anthropogenic pollution, requiring more urgent policies from both governments and development 
partners if they are to be preserved and used sustainably [4,5,7]. 
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Figure 15. Distribution of aquifers in the study area. 

Table 14. Integrating clusters, piezometry and potentials. 

Groundwater zone Area (km2) Percentage (%) 
Groundwater 80.85 31.71 
Hollow 174.09 68.28 

 

31.71%

68.28%
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Figure 16. Aquifer zones overlayed on land use. 

5. Conclusion 

This paper examines the impact of uncontrolled urbanisation on potential aquifer areas. To do 
this, it uses and tests an approach that integrates field and remote sensing data in the AHP through 
GIS, combined with piezometry data used in a clusterisation to delineate potential groundwater 
zones in the city characterised by uncontrolled urban thrust and rare and erratic aquifers. This 
approach uses spatial representation to delimit potential aquifer zones in urban and peri-urban 
environments. Furthermore, the results show that aquifers in cities and peri-urban areas, instead of 
being protected, are once again under threat from uncontrolled urban growth, raising the question 
of their sustainable use in particular, and even that of sustainable development in general, if they are 
to be preserved and used sustainably. 
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