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Abstract 
Ratom was one of the five communes of Conakry (Guinea) before the admin-
istrative division of 2025. It faces risks of soil subsidence. To identify areas sus-
ceptible to subsidence or collapse, lineament analysis was used to locate areas 
with low mechanical resistance. This study proposes a multidisciplinary meth-
odological approach to assess and map subsidence risks in the study area. It 
combines remote sensing techniques, geostatistical analysis, geotechnical 
methods, and multicriteria decision-making methods. Automatic extraction of 
lineaments from a Landsat 8 image identified 1011 lineaments. Analysis reveals 
that 68% of these are minor lineaments, while 12% are major lineaments. This 
may reflect geological discontinuities that impact soil stability. After validation 
by comparison with the road and hydrographic networks, these lineaments 
were analyzed using a variogram model to produce a map of risk areas. At the 
same time, data from geotechnical tests on 11 samples were used to measure 
paramters such as water content, grain size, and Atterberg limits. The liquidity 
index (LI) proved to be a determining factor in assessing the risk of subsidence. 
In addition, a multi-criteria approach using the AHP method took five factors 
into account: fracture density, mechanical strength, liquidity index, slope, and 
altitude. The map obtained from this analysis shows that 49.06% of the surface 
area of Ratoma is exposed to a high risk of subsidence. Critical areas such as 
Kobaya, Kiroti, and the Kakimbo-University axis, which often experience sub-
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sidence, are well located within the identified risk areas. This approach has 
made it possible to produce a tool for sustainable urban planning and risk pre-
vention in this municipality. 
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1. Introduction 

The municipality of Ratoma faces growing geological and urban challenges, in-
cluding the risk of subsidence. This municipality was recently divided into three 
urban municipalities (Ratoma, Lambanyi, and Sonfonia) (Doré, 2024). It is char-
acterized by a humid tropical climate, with an average temperature of 27.3˚C and 
annual rainfall of around 1430 mm, which promotes soil weathering. Ratoma has 
an expanding urban landscape. Log data from the forages reveal a complex geol-
ogy, where lineaments could reveal areas of potential subsidence. 

Research conducted by Ninamou & Diakité (2021) identified 1090 operational 
boreholes, covering 25 of the 32 districts in the study area. However, a hydraulic 
drilling campaign carried out in 2009 as part of a presidential emergency initiative 
in Conakry yielded less encouraging results. Of the 180 wells drilled, 18 are un-
productive, representing a failure rate of 10%. Sixteen of the unproductive wells 
are located in Ratoma, accounting for 90% of the total failures and 20% of the 
wells drilled in this municipality (SEG, 2009). These failures are mainly due to the 
lack of preliminary studies to locate exploitable reservoirs. The objective of the 
“Water for All” project was to supply water to the population through local bore-
holes by drilling 150 boreholes in Greater Conakry. 

Furthermore, since the commissioning of the Kobaya and Nongo Stade catch-
ment fields in 2004 and 2013, respectively, persistent cracks have been observed 
in the surrounding soil and buildings. These geotechnical problems could be at-
tributed to subsidence or hydrogeological changes caused by intensive groundwa-
ter extraction, highlighting the urgent need for enhanced monitoring of the envi-
ronmental impacts associated with water resource exploitation. 

The identification of lineaments using remote sensing techniques (via color 
compositions) and GIS (LINE tool via Geomatica’s Librarian algorithm), and 
their validation in the field by comparison with road and hydrographic net-
works and drilling data are commonly used techniques (Oludayo et al., 2021; 
Yoshe, 2023; Matar et al., 2023; Fuladi & Deshmukh, 2021; Kamaraj et al., 2023a; 
Embaby et al., 2024). This technique, combined with the geotechnical results 
obtained at the Conakry Geoscience Agency laboratory, makes it possible to 
assess geotechnical risks and identify risk areas. This strategy is an innovative 
contribution to the identification of geotechnical risk areas. The approach, in-
spired by the work of Jourda (2005), which uses spatial and geostatistical data 
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combined with geotechnical data to map risk areas, is essential for responsible 
and sustainable development in Ratoma. 

2. Materials-Data-Methods 
2.1. Materials-Data 

For this study, we used geological and geophysical maps of Guinea at a scale of 
1:500,000 produced by Galperov G., combined with GPS surveys. ArcGIS was 
used for satellite image processing (Landsat 8 OLI/TIRS image from January 29, 
2025, downloaded from USGS at https://earthexplorer.usgs.gov/; the sky was clear 
during this period). Geomatica and RockWorks 17 software were used to extract 
the lineaments, and Google Earth Pro was used to delimit the study area. The 
drilling data comes from institutional sources (SEG, SNAPE, UNICEF) and pri-
vate drilling operations. These data enable a comprehensive analysis of the linea-
ments. The geotechnical data comes from the results of various geotechnical stud-
ies conducted by the Conakry Geoscience Agency. 

2.2. Methods 

The methodology adopted in this work consists of six steps: data acquisition—
image processing—automatic extraction of lineaments—analysis and validation 
of lineaments—statistical and geostatistical analysis of lineaments—mapping of 
subsidence areas. It is based mainly on the use of USGS Landsat 8 imagery and 
geotechnical data. Researchers such as Sokeng et al. (2014), Jourda (2005), Anissa 
(2022), Montsion et al. (2021), Olasunkanmi et al. (2023) and Kamaraj et al. 
(2023b) used the same image acquisition methods for their study. 

The combination of several spectral bands (false colors 7-6-4) in ArcGIS made 
it possible to create a composite image for detecting linear geological structures 
by emphasizing spectral and textural contrasts. This method is more effective than 
pixel by pixel analysis (Es-Sabbar Brahim, 2020; Kebede et al., 2021; Mwaniki et 
al., 2015; Magigita et al., 2023). One approach has been validated by the work of 
Fatma & Zahoua (2022). It uses the Image Analysis algorithm to generate Geo-
TIFF files highlighting linear structures associated with lineaments using infra-
red/red coupling. The Landsat 8 image, acquired under clear skies, did not require 
extensive atmospheric corrections. We therefore performed a visual check of its 
color composite directly in Google Earth. This was previously calibrated on the 
same date as the raw image acquisition date. From there, a visual comparison 
identified landscape discrepancies and general rendering imperfections. Several 
digital image processing techniques, including standard color composites, were 
used by Diédhiou et al. (2020) to map linear structures. The automatic detection 
algorithm in Geomatica was used to identify lineaments. Oludayo et al. (2021), 
Said (2024) and Ali & Oussama (2020), applied the same method to generate vec-
tor data, which was then validated and analyzed in GIS software. The validation, 
inspired by the methods of Kebede et al. (2021) and Gharmane et al. (2018), con-
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sisted of a visual and systematic comparison of the detected lineaments with road 
and hydrographic networks and drilling data to verify their geological relevance 
in an urban context. The final results were exported to Excel and RockWorks 17 
for statistical analysis, which consisted of characterizing the lineaments (length, 
orientation) using distribution laws. Geostatistics was used to view the spatial or-
ganization of the lineaments via a variogram adjusted to a theoretical experi-
mental model. After converting the vector data (lineaments) into point data in 
ArcGIS 10.3, we used kriging for spatial interpolation of the data on a map back-
ground. The variogram model used made it possible to obtain a map showing ar-
eas of low mechanical strength (areas with high interstitial void density, areas fa-
vorable or unfavorable for water). These areas are where two or more lineaments 
intersect. The lineament results obtained are then superimposed on the geotech-
nical test data to locate areas at risk of subsidence in the municipality of Ratoma. 
The geotechnical parameters used for this purpose are water content, particle size 
distribution, and Atterberg limits. Grain size, in particular the fine particle con-
tent, is the important factor that directly influences the Atterberg limits of a soil, 
which in turn determines the soil’s subsidence character (Gibbs, 1962; Jiménez 
Delgado & Guerrero, 2007; ASTM International, 2017; Tribak et al., 2020). The 
influence of particle size distribution on Atterberg limits can be explained by 
physicochemical principles related to the surface of the grains. These electrically 
charged sheet-like surfaces enable water molecules to be strongly adsorbed and 
retained. This interaction between water and fine particles gives the soil its cohe-
sion and plasticity, explaining the high Atterberg limits (Ayadat & Ouali, 1999; 
NF EN ISO 17892-12, 2018; Douchet et al., 2017; Mamah et al., 2025). 

The relationship used in this article to calculate the liquidity index is the one 
used in the work of ASTM International (2017). Based on soil mechanics research, 
we compared our results with the conditions of Feda (1966), which link the degree 
of saturation Sr0 of a soil to its liquidity index on the one hand, and its liquidity 
index to its settlement potential on the other. In 1966, Jaroslav Fedaalso proposed 
in his work a collapse index based on natural water content, degree of saturation, 
plasticity limit, and plasticity index. The definitive identification in this research 
is based on the liquidity index. The particle size distribution was interpreted by 
separating the pass and reject fractions using a 0.08 mm sieve. 

Finally, a multi-criteria approach was used to map areas at risk of subsidence. 
The method is based on the Analytic Hierarchy Process (AHP) developed by 
Saaty in 1970 and Dar et al. (2010). This structured technique breaks down the 
problem into a hierarchy, allowing criteria to be compared and weighted in 
pairs (Bashe, 2017). The process includes identifying and developing decision 
criteria, classifying and standardizing criteria, and weighting and aggregating 
these criteria. This generates a summary map that facilitates informed decision-
making. Despite the results obtained in this research, the use of only 11 samples 
for the entire municipality remains insufficient for reliable spatialization of ge-
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otechnical information. 

3. Results 
3.1. Extraction and Mapping of Lineaments 

Landsat 8, launched in 2013 by NASA and the USGS, is a satellite in the Landsat 
program designed for environmental monitoring, mapping, and natural resource 
management. It offers a spatial resolution of 15 m (panchromatic), 30 m (visible, 
NIR, SWIR), and 100 m (thermal). With a spectral resolution of 11 bands and a 
radiometric resolution of 16 bits, it allows for better distinction of spectral varia-
tions. Thanks to its radiometric depth and the program’s historical archives, 
Landsat 8 is suitable for long-term studies. Landsat 8 products already undergo 
automatic geometric corrections by the USGS. 

Automatic lineament extraction was performed using Geomatica. The config-
uration of the parameters (thresholding, contrast threshold, minimum length, and 
fileting) underwent three iterations in order to optimize the process and achieve 
the result shown in Figure 1. 

 

 
Figure 1. Mapping of lineaments in the study area. 

3.2. Validation of the Lineaments in the Study Area 

Validation consisted of superimposing the extracted lineaments on the hydro-
graphic and road networks. Those that coincide with these surface features are 
selected and removed from the lineament network. Spatial analysis of the linea-
ments using high-yield drilling data reveals that all of these drill holes are located 
near a major lineament or in an area with a high density of lineaments, unlike 
low-yield drill holes, which are located further away. 
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Figure 2. Validation of lineaments in relation to road networks in the study area. 

3.3. Statistical Analysis, and Geostatistical Analysis of Lineaments 
3.3.1. Statistical Analysis 
Due to the complexity of the study area (urbanized area) and the objective of the 
study, the detailed map of lineaments obtained after various treatments shows 
high densities of lineaments of varying sizes. These lineaments vary from a few 
meters to less than 1 km for minor lineaments with a total length of 307,414.61 m, 
an average of 444.88 for a total number of 691; then from 1 to 2 km for medium-
sized lineaments with a total length of 281,107.62 m, an average of 1398.55 for a 
total number of 201. Finally, the elements with a minimum length greater than 2 
km are the major lineaments, with a total length of 359,256.62 m, an average 
length of 3018.96 m, and a total number of 119. This gives a total of 1011 linea-
ments, of which 68% are minor lineaments, 20% are medium lineaments, and 12% 
are major lineaments. The major lineaments include approximately 6% exceeding 
5 km and 17% measuring between 3 and 5 km, while only 2 minor lineaments 
reach approximately 0,8 km. The longest lineament (17,715 km) crosses the study 
area from northwest to northeast. This characterization of lineaments is very im-
portant for geological and geomorphological analysis in order to assess their sig-
nificance and spatial extent. 

The fracture density map shown in Figure 3 expresses the number of linea-
ments per unit area. It reveals areas of high concentration (17.01 to 28.33 km/km2) 
and low concentration (0 to 11.33 km/km2) of lineaments in the study area. 
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Figure 3. Map of the density of Ratoma lineam. 

 
Figure 4 illustrates the interpolation variogram of underground lineaments, mod-

eling fractures in all directions. The high values of this distribution of unstable areas 
represent 48.61% of the study area, while the low values represent 18.05%. 

The orientation of the lineaments is analyzed by the rosettes illustrated in 
Figure 5. The lineaments are grouped into 12 orientation classes, based on angular 
intervals of 15˚. The distribution of fractures on the directional rosettes is rela-
tively homogeneous for minor lineaments as shown in Figure 5(a), but irregular 
for major lineaments on Figure 5(c). However, all lineament families have fre-
quencies exceeding 80%, with variations: 30% - 80% for minor lineaments, 16% - 
80% for medium lineaments, and 8% - 83% for major lineaments. The layout of 
the lineament rosettes reveals two dominant orientation classes: NW-SE for major 
lineaments and NE-SW for medium lineaments. Each class also has a secondary 
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Figure 4. Map of the variogram model using kriging. 

 

   
(a)                                  (b)                                 (c) 

Figure 5. Diagram of directional rosettes. (a) Rosette of minor lineaments; (b) Rosette of medium-sized lineaments; (c) Rosette of 
major lineaments. 
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orientation, which is the opposite of the dominant one. 

3.3.2. Geostatistical Analysis 
Geostatistics is discussed here to show the spatial distribution of fractures and pro-
duce a model of fractured networks based on 2D cartographic analysis. Figure 4 
shows the result of the geostatistical analysis of the lineaments. This map, which is 
the result of the spatial distribution of spherical experimental variograms, shows 
that the most fractured areas (those with low mechanical resistance) are scattered 
throughout the study area, with values ranging from 0.21 to 0.99. The map produced 
illustrates the distribution and spatial variability of these lineaments. It highlights 
geological discontinuities, such as groundwater circulation channels (lineaments) 
or shear zones. This spatial distribution shows the heterogeneity and extent of the 
lineaments, indicating a large-scale influence of linear geological structures. 

Figure 4 (lineament density) and Figure 5 (void density), although different, 
complement each other. The first explains the geological behavior of linear struc-
tures, while the second characterizes their geotechnical properties. Both figures 
provide a comprehensive understanding of the phenomenon, incorporating both 
structural and mechanical factors affecting the soil. The synthesis of these two 
pieces of information is essential for a rigorous risk assessment and appropriate 
development planning. 

3.4. Geotechnical Analysis of Soil Samples Taken at Ratoma 

Table 1. Geotechnical characteristics of Ratoma soils. 

Sample Depth 
Water  

content (%) 
Sr0 

(%) 
Grain size (%) Atterberg limits 

≥0.08 0.08≥ WL WP IP 

EHamCon 3 to 5.6 25 60 73.9 26.1 42 27 15 

Ekaporo 
4 to 6 16.3 53 65 35 40 21 19 

8 to 9 23.5 72 40.7 59.3 38 17 21 

Equipped1 1.5 to 3 17.6 57 45.1 30.8 40 26 14 

Ekoloma 
4 to 6 11.1 36 67.8 33.2 39 21 18 

7 to 10 12.9 33 44.2 55.8 39 16 23 

Esonfon 
6 to 7 18.2 46 43.1 58.9 38 19 19 

8 to 10 17.4 44 41.2 58.8 38 20 18 

Equipped4 4 to 6 10.4 26 42.2 57.8 37 18 19 

ENongTa1 3 to 4 26.6 68 61 39 44 25 19 

ENongTa2 1.5 to 3 17.6 46 71.3 28.7 39 25 14 

Esonforad 2.5 to 4 14.9 51.3 73.1 26.9 30 17 13 

Ekobaya 5 to 7 15.5 57.6 65 35 38 19 19 

Elamba  
4 to 5 28.9 52.4 61.9 38.1 66 37 29 

6.5 to 7 48.3 93.8 44.2 55.8 48 24 24 

Source: Conakry Geoscience Agency. 
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The comparison between the natural water content of a soil and its Atterberg 
limits provides an initial qualitative indication of its potential for settlement. 
Among the 11 samples analyzed in Table 1, only one (Elamba) has a natural water 
content almost equivalent to its liquidity limit (W = 48.3 and WL = 48) and a 
saturation degree close to 100%. This sample was taken at a depth of between 6.5 
and 7 meters in the soil. The liquidity index (LI) is the indicator used to predict 
the behavior of a soil. LI is presented in Table 2. 

 
Table 2. Identification of subsidence-prone areas in Ratoma. 

Sample Depth (m) 

Liquidity index 

Observation Calculated 
value 

Reference 
value 

EHamCon 3 à 5.6 −0.13 IL < 0 Low risk of subsidence 

Ekaporo 
4 à 6 −0.25 IL < 0 Low risk of subsidence 

8 à 9 0.31 0 ≤ IL < 1 Moderate risk of subsidence 

Ekipé1 1.5 à 3 −0.60 IL < 0 Low risk of subsidence 

Ekoloma 
4 à 6 −0.55 IL < 0 Low risk of subsidence 

7 à 10 −0.13 IL < 0 Low risk of subsidence 

Esonfon 
6 à 7 −0.04 IL < 0 Low risk of subsidence 

8 à 10 −0.14 IL < 0 Low risk of subsidence 

Ekipé4 4 à 6 −0.40 IL < 0 Low risk of subsidence 

ENongTa1 3 à 4 0.08 0 ≤ IL < 1 Moderate risk of subsidence 

ENongTa2 1.5 à 3 −0.53 IL < 0 Low risk of subsidence 

Esonforad 2.5 à 4 −0.16 IL < 0 Low risk of subsidence 

Ekobaya 5 à 7 −0.18 IL < 0 Low risk of subsidence 

Elamba 
4 à 5 −0.28 IL < 0 Low risk of subsidence 

6.5 à 7 1.013 IL ≥ 1 Risk of significant subsidence 

 
Table 2 shows that the Elamba sample has a liquidity index (LI) of 1.013 for a 

depth of 6.5 to 7 meters. This value, which is greater than or equal to 1, is con-
sistent with the fact that its water content (W) is almost identical to its liquidity 
limit (WL). On the other hand, samples with an LI of less than 0, regardless of the 
depth at which they were taken, present a low risk of subsidence. 

3.5. Mapping of Subsidence-Prone Areas in Ratoma 

In this study, five criteria were used to identify areas at high risk of subsidence: 
slope, altitude, fracture density, mechanical resistance, and soil liquidity index. 
The combination of these topographical, geological, and geotechnical elements 
made it possible to create a map of susceptibility to subsidence, following the 
methodology described in the work of Ouattara et al. (2022). 
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The subsidence map shown in Figure 6 was produced by combining these five 
criteria, which are divided into three factors (topographical, geological, and ge-
otechnical). It shows five classes with an uneven distribution. 

 

 
Figure 6. Map of areas at risk of subsidence. 

 
The validation of the map of areas at risk of subsidence took into account the 

location of the 11 samples. The Lambanyi sample (Elamba, where IL > 1) con-
firmed its position, as did the Nongo Taady 1 sample (ENongTa1, where 0 ≤ IL < 
1), which proved to be decisive. The final distribution indicates that 49.06% of the 
area is at risk of subsidence, 34.24% is at low risk, and 16.7% is at moderate risk. 
This categorization provides a clear representation of the vulnerability of the area. 
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4. Discussion 

Remote sensing appears to be a fast and effective tool for identifying areas with 
geotechnical risks. It provides accurate and extensive data on surface and subsur-
face formations that may indicate the presence of fractured aquifers. Satellite and 
aerial imagery can be used to locate linear geological structures, identify depres-
sions, and analyze the topography of the terrain (Gharmane et al., 2018). These 
depressions can be indicators of fractures or underground voids, which are im-
portant for groundwater circulation (Douchet et al., 2017). New methods for ex-
tracting linear features from satellite images were used in the work of Ali & 
Oussama (2020). Studies by Diédhiou et al. (2020) and Khallef et al. (2020) have 
also demonstrated the versatility of Landsat 8 data in various fields of remote sens-
ing, ranging from geotechnical mapping to the analysis of land use changes and 
urban sprawl. For example, the work of El Aillah et al. (2019) highlighted the ef-
fectiveness of Landsat 8 for mining exploration by identifying lineaments and hy-
drothermal alterations in Morocco. In short, Landsat 8 is an important remote 
sensing tool, providing reliable data for numerous scientific and operational ap-
plications. The application of these studies in the context of this research, using 
the automatic lineament extraction method, yielded the result shown in Figure 1. 

According to Ranjbari et al. (2023), combining different data sets during auto-
matic feature extraction in Geomatica allows the optimal feature values to be de-
termined. Figure 2 illustrates the spatial distribution of the lineaments as well as 
the areas where the intersections between the lineaments are particularly pro-
nounced. These areas correspond to the points of intersection of the lineaments. 
They could correspond to areas of low mechanical resistance in the subsoil con-
sisting of voids through which groundwater can flow (Sokeng et al., 2014; Youan 
Ta et al., 2009). The main interest of the analysis of the lineament network is to 
find lineaments that are likely to represent areas of subsidence or shearing. This 
approach supports the objectives of the work in Solomon & Ghebreab (2006), 
which seeks to understand the nature and orientation of geological structures in 
order to determine their tectonic significance. 

The method described in Scholz (2002), validated by field measurements and 
surveys, established a link between lineaments and fractures, making it possible to 
assess the stability of the terrain and locate the geological structures responsible 
for the disturbances. Thus, in this study, after validation of the lineaments, the 
results obtained revealed a predominance of short lineaments (68%), suggesting 
dense and localized fracturing. This corresponds to areas subject to diffuse tec-
tonic stresses (Gharmane et al., 2018). However, major lineaments (longer than 2 
km) could correspond to regional faults that have an impact on hydrogeology and 
soil stability (Rault, 2019). The work of Douchet et al. (2017) indicated that a high 
density of minor lineaments may reveal a weakened area prone to landslides, 
which would undermine soil stability. The study by Colbeaux & Sommé (1985) 
provides us with a theoretical basis for understanding the link between lineaments 
and risk areas. 
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For Ouattara et al. (2022), a homogeneous distribution of small lineaments may 
reflect polyphase fracturing. Furthermore, the preferential orientations of major 
lineaments may correspond to regional tectonic directions. This analysis is con-
sistent with the direction of the longest lineament obtained in this study. It crosses 
the entire northern part of the municipality of Ratoma. It is the longest lineament 
in the study area (approximately 17 km oriented SE–NW) identified after the ex-
traction of lineaments. Furthermore, the preferential orientation of the major lin-
eaments corresponds to a southeast–northwest (SE–NW) direction, as shown in 
Figures 5(a)-(c). For this reason, the major lineaments must be taken into ac-
count in regional development plans to avoid seismic or instability risks. 

The diagrams in Figure 5 show the dominant directions of the lineaments. This 
interpretation is important because, in most cases, groundwater tends to flow 
along the directions of fractures present in the rock. The work of Kebede et al. 
(2021) also addressed the analysis of lineaments using statistical methods. 

To better understand the distribution of vulnerable areas, a kriging variogram 
model was developed to map areas with low mechanical resistance based on the 
lines. Analysis of Figure 4 reveals the spatial distribution of these fragile areas. It 
is based on the work of Sokeng et al. (2014) and Jonathan et al. (2024), which 
highlights aspects of structural geology, rock mechanics, and geotechnical risk as-
sessment. 

The lineament density values shown in Figure 6 correspond to the mechanical 
strength of the subsoil, which varies between 0.427 and 0.567. This figure shows 
heterogeneity in the spatial distribution of lineaments within the municipality of 
Ratoma. These low values suggest weakened areas, potentially associated with frac-
tures, faults, or shear zones that could present geotechnical risks (landslides, slope 
instability). This hypothesis corroborates the results of Douchet et al. (2017). 

From a geotechnical point of view, comparing the natural water content of soil 
samples with their Atterberg limits (Table 1) provides an initial qualitative indi-
cation of their potential for settlement or subsidence. Through the lineaments, 
water can moisten the soil by increasing its volume and then shrink as it dries, 
causing cracks and progressive deformation. If the reduction in the volume of the 
moistened soil during drying is sudden, the soil will subside. The Kiroti district is 
witnessing this phenomenon of subsidence in Conakry. The Lambanyi area pre-
sents a significant risk of settlement, as its water content is almost equivalent to 
the liquidity limit (NF EN ISO 17892-12, 2018; Opukumo et al., 2022; Ayadat & 
Ouali, 1999). 

A comparative analysis of Table 1 and Table 2 shows that all samples with a 
saturation degree Sr0 ≤ 60% have a liquidity index IL < 0. According to Feda 
(1966), these types of samples have an apparent strength dominated by suction, 
where the grains rearrange themselves after a sudden disappearance of suction, 
causing volumetric settlement. Atterberg limits are essential tools in soil mechan-
ics, allowing for qualitative and to a certain extent, quantitative prediction of the 
settlement of fine soils. They serve more as indicators of potential and mechanism 
than as direct measurements of the extent of settlement. According to the results 
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in Table 2, the sample with a liquidity index of approximately 1 is in a liquid state, 
which implies high compressibility and, consequently, a significant risk of settle-
ment (Opukumo et al., 2022; Jiménez Delgado & Guerrero, 2007; Kebede et al., 
2021; NF EN ISO 17892-12, 2018). This is because a subsiding soil is a specific 
type of compressible soil that suddenly loses its resistance. 

In Ratoma, the combined use of remote sensing data, geotechnical data, statis-
tical and geostatistical analysis, and the AHP approach provided important qual-
itative information on the spatial distribution of areas at risk of subsidence. The 
results indicate that the very high and high subsidence risk classes represent 
49.06% of the area studied. The work in Hama Rash et al. (2024) demonstrated 
that the integration of spatial interpolation techniques, such as the geographically 
weighted regression (GWR) model, makes it possible to predict soil index prop-
erties in areas where geological structures are decisive. This includes water content 
and Atterberg limits. These methods thus improve the modeling and understand-
ing of soil properties. The results in Figure 6 are directly related to specific phys-
ical parameters such as slope, fracture density, altitude, soil mechanical strength, 
and liquidity index. These elements are qualitative and quantitative indicators of 
geotechnical disorder within the subsoil. The AHP approach applied here was also 
used in the work of Hilali (2023) to characterize and evaluate soil quality based on 
several parameters. 

5. Conclusion 

Quantitative data (length, orientation) on lineaments are essential for risk mapping 
and sustainable water resource management. This study shows the vulnerability of 
the municipality of Ratoma, where urban growth and geological structure elements 
generate risks of subsidence. These risks are confirmed by past drilling failures and 
disturbances observed near the catchment sites (Kobayah and Nongo Stade). 

Following this observation, a six-step methodological approach was applied to 
produce thematic maps. The coupling of lineament analysis with geotechnical 
data via the multi-criteria approach (AHP) enabled the identification of risk areas. 

The study demonstrates the relevance of an integrated approach combining re-
mote sensing, geostatistical analysis, and geotechnical data to assess the risk of 
subsidence in Ratoma, revealing that nearly half of the territory (49.06%) is at risk 
of subsidence. This strategy provides us with an essential decision-making tool for 
sustainable urban planning. This tool makes it possible to require geotechnical 
interventions in the most exposed areas to ensure the safety of populations and 
the sustainability of infrastructure. 
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