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Abstract

In response to the challenges associated with drinking water supply in
urban areas, this study proposes an integrated approach to characterize the
water availability potential of watersheds in the former municipality of
Ratoma, Guinea. The research combines remote sensing (Shuttle Radar
Topography Mission of USGS), Geographic information system (automatic
extraction of watersheds and hydro-morphometric parameters), soil
characterization, and multivariate statistical analysis. Based on the Digital
terrain model, 38 watersheds were identified and described according to 29
hydro-morphometric parameters. Principal component analysis explained
86.24% of the total variance across three main axes: structural dimension
(45.05%), the density of the hydrographic network (23.41%), and the energy
of the relief (17.78%). Ascending hierarchical classification distinguished
two functional groups: on the one hand, small basins (0.16-1.67 km?) with a
rapid hydrological response, and on the other hand, larger basins (1.76-7
km?) with slower dynamics. At the same time, Ratoma's soil analysis
identified nine soil units, dominated by skeletal formations (75%) with rapid
drainage. Granulometric and qualitative analysis of the samples revealed
significant textural variability that may influence infiltration. Coarse soils
have a high infiltration capacity but low water retention, while fine soils
exhibit temporary hydromorphy. Cross-referencing the results made it
possible to spatially identify areas with high water potential (hydromorphic
soils) and transit areas (skeletal soils), providing a valuable tool for decision-
making in the sustainable management of groundwater resources in urban
contexts, particularly for selecting sites suitable for drilling and for planning
sustainable supply strategies.
I —IIII———————.
Keywords: Urban watershed, Remote sensing, Hydromorphometry,
Statistical analysis, Water potential

Introduction

Improving access to drinking water for people living in urban and
peri-urban areas, particularly through the creation of water points such as
boreholes, provides the population with access to a sustainable and safe
source of drinking water. The success and sustainability of this groundwater
source depend primarily on the choice of a suitable site.

In order to identify the most suitable location, several interdependent
factors must be taken into account, including the availability, accessibility,
and exploitability of the resource. With regard to availability, which is the
focus of this study, factors such as drainage, slope, infiltration, and relief
shape must be determined. To do so, it is best to carry out a hydro-
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morphometric and pedological characterization of the watersheds in the
study area.

By definition, a watershed is an area traversed by a main watercourse
and its tributaries. According to Polidori L. (1997), a watershed is the result
of the interaction between rainfall and land surface. The USGS (2019),
considers the watershed from the perspective of creating water reservoirs,
while UNESCO-IHP in 1973, proposes approaches adapted to the
characterization of watersheds when available data are insufficient. Kirsten
Hennrich (2004) describes the watershed as a functional unit for hydrological
research, introducing an important concept of integrated management, which
is essential in an environmental context.

The study of the morphology of a watershed is based on a set of data
including field observations, maps (geographical, topographical, geological),
and satellite data. The main factors influencing the life of a watershed are:
land use, soil lithology, vegetation cover, climate, runoff levels, and the
severity of hydrological risks. The interaction between these factors provides
an understanding of the hydrological behavior of a watershed (Baba-Hamed
K., 2016).

In urban contexts, the water regime of a basin is strongly influenced
by uncontrolled construction and soil sealing. This is why Michel Desbordes
in 1989, indicated that these phenomena are the main causes of flooding in
the major cities of developing countries.

The objective of this article is to use remote sensing data to analyze
hydromorphometric parameters by combining them with pedological
characteristics that influence the hydrology of basins in order to estimate the
water availability of a watershed. To this end, satellite imagery provides
accurate and continuous spatiotemporal data on our study area. The
information collected was processed using statistical methods to classify
watersheds into homogeneous groups according to their physical and
hydrological characteristics, etc

Methodology and materials used
Study Area

Located between latitudes 9°34'N and 9°42'N and longitudes
13°32'W and 13°40'W, the municipality of Ratoma extends from the
northeast to the northwest of Conakry. It covers approximately 62.12 km?
and is bordered to the east by the urban municipality of Dubréka, to the north
and northeast by the Atlantic Ocean, to the south and southeast by the
municipality of Matoto, and to the west by the municipality of Dixinn. The
study area encompasses a topography that varies from sea level to 130
meters in altitude, with plateaus situated at an elevation of approximately 20
meters. This slope descends gently and uniformly either directly to the sea or
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to the marshy plains of Sonfonia. The northeastern extremity corresponds to
a tabular zone where the two plateaus meet, marking an almost continuous
ascent in the topography towards the Kakoulima Mountains at 1007 meters
altitude (Sylla Morciré, 1995). Depressions, which channel the almost
seasonal streams, extend transversely from the ridge line towards the sea.
The hydrographic network consists of streams and lakes, whose main
watercourses drain surface water towards the sea. The watercourses are
bordered by low-lying areas.

The landforms found in Ratoma are characterized by erosion and
erosion-denudation (Bouféev & al, 1968). The climate is subtropical, with
alternating dry and rainy seasons, the prevailing wind being the monsoon.
With vegetation limited to the Kakimbo forest, Ratoma is heavily urbanized.
According to the FAO's 2016 procedure for soil description and field data
collection for soil classification, the soil type found in Ratoma is azonal.

Data and materials
The information collected for this study includes:

- Remote sensing data and materials, such as the Digital Terrain Model
(DTM), Google Earth images, and OpenStreetMap cartographic data,
were used to delineate watersheds and extract the hydrographic
network and watershed characteristics.

- Environmental field materials: a 1:50,000 scale topographic map,
data collection forms, and a mobile GPS device for field surveys.

- Pedological data from the National Soil Laboratory (SENASOL).

- IT equipment and tools: an HP computer (32 GB RAM) and GIS
software (ArcGIS, QGIS), GlobalMap for processing and spatial
analysis.

GIS tools were used to process and analyze DEM images,
automatically extract watersheds, and quantify hydromorphometric and
topographic parameters. Researchers such as Bentekhici N. (2006), Kamila
Baba Hamed & Abderrazak Bounani (2016), and Lakra (2022) have already
implemented this approach.

Methods

To characterize the Ratoma watersheds, we will address their
definition and function (USGS, 2019). This characterization is based on an
integrated approach that combines geospatial, hydrological, and pedological
analysis. This approach is structured around five main steps, in accordance
with the suggestions made in the studies by FAO (2023) and USGS (2019).
It combines GIS tools, satellite images (DTM) and multivariate statistical
analysis techniques to identify the most relevant parameters influencing the
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watersheds in the study area. The aim here is to analyze the factors that

determine the availability of water resources.
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Fig. 1: Characterization methods applied

[ Step 4: Multivariate statistical analysis ]

Two main categories of data are used here: data obtained from
satellite imagery and data provided by the National Soil Laboratory
(SENASOL).

Use of satellite imagery

Satellite images, which are the primary source of data. They enable
the detection and mapping of areas that are difficult to access. The
identification of surface drainage networks in urban areas, carried out using
raster data obtained from the Landsat 8 satellite, highlighted the current
morphology of the terrain. The method used to obtain the parameters was as
follows:
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Step 1: This step consisted of delimiting the watersheds and their
hydrographic networks using a Digital Terrain Model (DTM) obtained from
SRTM data (30 m) downloaded from the USGS website. Processing this
DTM in QGIS made it possible to extract the flow direction, flow
accumulation, and associated sub-basins, as indicated in the 2019 USGS
report.

Step 2: This step involves hydromorphometric analysis, which aims
to calculate shape and network parameters (area, perimeter, average slope,
drainage density, elongation index, compactness factor) according to the
methods described in the works of Horton R. E. (1932, 1945) and Strahler
AN (1957). These parameters are used to interpret the flow dynamics and
concentration capacity of the waters. Table 1 presents the calculation
methods used to determine the hydro-morphometric and topographic
parameters in steps 1 and 2.

Table 1: Methods for determining the characteristic parameters of watersheds

Morphometric parameters Methods References
Geometric parameters
Watershed area Automatic extraction via GIS analysis (Schumm
Watershed perimeter Automatic extraction via GIS analysis S.A., 1956)
Gravelius compactness coefficient ke = P,/ 2VmA = 0,28 X P/ VA (Horton
. P K; —Gravelius compactness index;,
(This coefficient is used to assess the : Robert E.,
circularity of a watershed.) P —BV perimeter (Km); A —BV area 1945)
(Km?).
Equivalent rectangle =
(1t is used to assess the influence of (Roche M.,
the geometric characteristics of L, —Length of equivalent rectangle 1963)
watersheds on surface runoff) (Km); K; —Gravelius compactness
index; A —Area of BV (Km?).
Watershed relief parameters
Maximum altitude
(The maximum altitude corresponds  Analysis of the topographic map
to the highest point of the BV)
Minimum altitudes
(The minimum altitude indicates the Analysis of the topographic map
lowest point of the BV)
Median altitude
(This is the a{titude read at the point Altitude at the point with abscissa 50% (Schumm
with an abscissa of 50% of the total S.A., 1956)
of the total surface area of the BV
surface area of the BV, on the
hypsometric curve)
The average altitude Hpoy = Z A; X h;/A
(Itis dedu.ced directly from the . Hynoy —average altitude (m); A; —Area
hypsomet;z'c curve or from reading a of each altitude range (Km?);
lopographic map. ) h; —average altitude of each range (m);
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A —Total area of the BV (Km?).

The average slope

(The average slope is a parameter
that tells us about the topography of
the basin)

im=DXL/A
i, —Average slope (m/Km or %); L
—total length of all contour lines (Km);
A —Total catchment area (Km?);
D —equidistance between two contour

(Cartier L. et

lines (m). Leclerc A.,
. Ipm = (Hmax - Hmin)/Lr =AH/Lr 1964)

Average slope index L,m —Average slope index (m/Km or
(Ratio between the difference in A .
extreme altitudes and the length of o) Lt —equlvalegt rectangle length
the equivalent rectangle) (Km); Hm.a’f —maxumum altitude (m);

H,;,, —minimum altitude (m).
Opverall slope index Ihg = Dy/Lr S
(This is the ratio between the overall 1,5 —Overall slope index (m/Km); Ma(xi;);irﬁen
elevation difference and the length of  Lr —length of equivalent rectangle 1934) ’
the equivalent rectangle) (Km); D, —Overall elevation (m).
Rock slope index — LZ (o 4.
(This is the sum of the square roots of bor = VLr @4y
the average slopes of each partial I,» —Rock slope index (%); L (Gaston C
element between two contour lines, r —equivalent rectangle length (Km); 1942) v

weighted by the partial area
associated with it and measured on
the equivalent rectangle)

a; —percentage of area between contour
lines; d; —distance between contour lines

(m).

The overall elevation change
(Taken from the hypsometric curve,
this is the difference between the
upstream and downstream altitudes)

Dy = Hgy, — Hosy,
Dy —Overall elevation (m);
Hgq, —altitude corresponding to 5% of
the total area of the BV (m);
Hgyso, —altitude corresponding to 95% of

(Cartier L. et

the total area of the BV (m). Le({l;éZ)A"
The specific elevation difference ] Ds = I?’g x VA
. Dg —Specific elevation (m); I,, —Overall
(Allows for comparison of i rg
watersheds of different sizes) slope index (m/Km); A —Total area of
the BV (Km?) .
Parameters of the hydrographic network of watersheds
Order of watercourses
(The order of a watercourse allows
us to describe the development of the  Strahler's hierarchy of watercourses (Strahler AN,
X ; 1957)
drainage network of a basin from
upstream to downstream,).
The confluence report . Ne = N@m)/N(n+1)
.. . N¢ —River confluence
(This is the ratio between the number (Schumm
report; N(n) —Number of watercourses
of streams of order n and the number S.A., 1956)
of streams of order n+1) of order n; N(n + 1) —number of
watercourses of order following "'n+1" .
The length ratio N, =Nn+1)/NMn) (Horton
(This is the ratio of the average N; —Ratio of length of
Robert E.,
lengths of streams of order n to the watercourses, N(n) —average length of 1945)
average lengths of streams of order watercourses of order n (Km); N(n +
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n-1)

1) —average length of watercourses of
order following "'n+1" .

Drainage density

(This is the ratio of the total length of
permanent and temporary
watercourses to the surface area of
the catchment area).

n
D, =2Li/A

i=1
D, —Drainage density (Km/Km?);
L; —length of watercourse (Km);
A —Surface area of the catchment area.

The frequency of watercourses or
hydrographic density

Fo = ZNi/A

(This is the ratio of the total number  F¢ —Frequency of (H0r1t(9)r312I§. E.,
of thalwegs of all orders to the area watercourses, N; —number of
of the catchment basin) watercourses, A —Watershed area.
.. . = X = X
The torrentiality coefficient €t = Da X Fey = Dg X Ny /A o
. , C; —Torrentiality coefficient;
(This is the product of drainage . . ‘ 5
. Dy —Drainage density (km/km?);

density and the frequency of

Frequency F., —of first-order streams;
elementary watercourses (first '
order). ) N; —number of first-order watercourses;

A —Catchment area (km?). (BRGM &
Concentration time Tc ANTEA,
(This is the time taken for the first T = 0,12VA/VP 2014)
drop of rain falling on the furthest Te =0,1108 x 3 x \JA X L./NP
point of the basin to reach the outlet). T¢ —Concentration time (hours);
We use the average of the results L¢ —length of the main thalweg (km);
from the two formulas due to the P —average slope weighted in %;
extent of the BVs (small BVs). A —Area of the BV (Km?).

; Ve = L¢/T¢

Flow velocity V¢ —Flow velocity (km/h),; L. —length of (Manning

(This is the distance traveled by a
mass of water per unit of time. )

main thalweg (km) Tc —Time of Robert, 1891)

concentration (hours).

Soil characterization

Step 3: Soil characterization is based on data from the national

laboratory and field measurements (grain size tests) carried out by the
National Geosciences Agency to estimate the permeability and infiltration
capacity of the soils (D2487-17, 2025). (Robert P. Chapuis, 2020).

Multivariate statistical analysis method

Step 4: A multivariate statistical analysis is performed to group and
interpret the relationships between the various parameters measured (Faye
Cheikh, 2014). To do this, two approaches were adopted to characterize the
parameters of our watershed: principal component analysis and ascending
hierarchical classification.

Principal Component Analysis (PCA): PCA is a multivariate
analysis technique that seeks to group a large number of variables into a
smaller number, thereby facilitating the geometric representation of
observations and variables. This reduction is only possible if the initial

225
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variables have non-zero correlations and are not independent (Chirala U,
2012). Many researchers, such as Bouroche JM & Saporta G. (1980),
Cloutier V et al (2008), (Faidance Mashauri MM (2023), Faye Cheikh
(2014), Kamila Baba Hamed & Abderrazak Bounani (2016), Pulido-Bosch
A. (1999), Tidjani AEB (2006), have made extensive use of this method. It
helps to identify affinities between the different watersheds studied and to
highlight the most representative parameters, while allowing the degree of
dependence and influence of the morphometric parameters to be
misunderstood. This method projects individuals and variables in such a way
as to maximize the observed variance. In this regard, Pearson K. (1901),
emphasizes that the eigenvalues of the covariance matrix represent the
principal axes of PCA. Once we understand how each variable contributes to
the overall analysis, hierarchical classification methods are used to group
watersheds according to indicators. In this study, PCA was applied to 38
individuals (watersheds) and 29 variables (hydro-morphometric parameters).

Hierarchical ascending classification (HAC): this method, based on
the sizes of the watersheds, groups those that are similar in dendrograms to
identify homogeneous groups. It was applied to 38 watersheds and 29
variables. Considering each observation as an individual cluster, it gradually
merges the clusters two by two until a global cluster is formed, thus creating
a hierarchical structure in the form of a dendrogram. Researchers such as
Gaelle Poulier et al. (2018), Giiler et al. (2002), Faidance Mashauri MM et
al. (2023), and Defays D. (1977), have used this method to analyze different
parameters. A number of quantitative indicators were calculated to group
watersheds into different classes according to their hydrological potential
and their capacity to create a water reservoir (Gaucherel C., 2003).

Step 5: The results of step 3 are cross-referenced with those of step 4.
This operation consists of estimating the potential water availability by
integrating the results of the multivariate statistical analysis with the
pedological map.

Résultats
Determination of hydro-morphometric parameters

The automatic extraction of watersheds in our study area was carried
out using Argis' Arc Hydro extension tool. This extraction resulted in 38
watersheds shown in the figure below. Following the extraction, the
geometric (dimensional), relief, and hydrographic parameters were either
extracted from the software or calculated manually using empirical formulas.
The results obtained are presented in Figure 1 and Tables 2, 3, and 4.
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Fig. 1: Presentation of the watersheds in the former municipality of Ratoma

Table 2: Geometric characteristics of the watersheds

N°BV [ S(km®) | P(m) | Ko | Ligm | L maxcm) | Dmingam) | L eqam | | eqkm)
1 0.546 3,287 | 1,245 | 0.588 1,305 0.657 1,181 | 0.463
2 0.298 4,091 | 2.099 | 0.945 1,746 0.217 1,888 | 0.158
3 1,915 8,447 | 1,709 | 2,814 2,524 1,281 3,707 | 0.517
4 0.953 5,879 | 1.686 | 1,507 2,457 0.744 2,568 | 0.371
5 0.618 3,813 | 1,358 | 0.316 1,014 1,203 1,492 | 0.414
6 4,859 | 10,698 | 1,359 | 4,162 2,974 2,501 4,189 | 1,160
7 0.201 2,022 | 1,261 | 0.126 0.622 0.351 0.738 | 0.273
8 1,544 6,319 | 1,424 | 1,696 2,170 1,192 2,555 | 0.604
9 1,667 7,382 | 1,601 | 2,141 2,781 1,127 3,164 | 0.527
10 3.076 9,777 | 1,561 | 3,480 3,345 1,443 4,146 | 0.742
11 0.551 4,946 | 1.865 | 0.966 1,803 0.813 2,225 | 0.248
12 0.736 4,413 | 1,440 | 1,051 1,321 0.925 1,796 | 0.410
13 4,719 | 10,427 | 1,344 | 3,749 3,586 1.737 4,048 | 1,166
14 0.212 2,877 | 1,748 | 0.280 1,284 0.204 1,271 | 0.167
15 0.345 3,830 | 1.825 | 0.593 1,574 0.41 1.713 | 0.201
16 6,265 | 11,831 | 1,324 | 3,673 3,379 2,436 4,534 | 1,382
17 0.272 2.815 | 1,511 | 0.488 1,143 0.33 1,176 | 0.231
18 0.608 4.036 | 1,449 | 1,402 1.726 0.597 1,649 | 0.369
19 0.225 2,384 | 1,408 | 0.174 0.878 0.387 0.957 | 0.235

20 1,762 6,178 | 1,303 | 1,941 1,917 1.094 2,334 | 0.755

21 7.001 12,719 | 1,346 | 4,049 3,710 2,611 4943 | 1,416

22 0.294 3,395 | 1.752 | 0.647 1,513 0.383 1,501 | 0.196
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23 0.561 5,290 | 1,978 | 1,742 | 2,305 0.512 2,413 | 0.232
24 0.216 | 3,152 | 1,900 | 0.331 1,322 0.328 1,425 | 0.151
25 0429 | 4,619 | 1,975 | 0.760 1.757 0.828 2.106 | 0.204
26 0.227 | 2,467 | 1,448 | 0.325 0.906 0.361 1.008 | 0.226
27 0.294 | 2,752 | 1,420 | 0.654 1,122 0.347 1,111 | 0.265
28 0.164 | 2,087 | 1,444 | 0.198 0.713 0.375 0.851 | 0.192
29 0.230 | 2,337 | 1,366 | 0.246 | 0.725 0.689 0.919 | 0.250
30 0.483 | 3,100 | 1,249 | 0.422 1,189 0.478 1,118 | 0.432
31 0.524 | 5,059 | 1,956 | 1,452 | 2,180 0.407 2,302 | 0.228
32 0953 | 5,613 | 1,610 | 1,438 | 2,353 0.707 2,411 | 0.395
33 0.595 | 5,531 | 2008 | 1.734 | 2.325 0.501 2,530 | 0.235
34 0.456 | 3,361 | 1,394 | 0.939 1,421 0.507 1,341 | 0.340
35 0.404 | 2,908 | 1,281 | 0.442 1.105 0.625 1,080 | 0.374
36 4,380 | 10,241 | 1,370 | 3,768 3,814 2,062 4.035 | 1.085
37 0.895 | 5,024 | 1,487 | 1,205 1,881 0.777 2,082 | 0.430
38 0.520 | 5,082 | 1,973 | 1,521 2.107 0.468 2,317 | 0.224

S — watershed area; P — watershed perimeter; KG — Gravelius compactness coefficient or
index; Lt — total length of main thalweg; Leq — length of equivalent rectangle; léq - — width
of equivalent rectangle; Lmax — maximum length; Imax - — maximum width

Table 3: Relief characteristics of watersheds

Ne° D Ds 7 max Z. min H .ve. . | S | j -
BV | | | o | | (my | e e | o | ol
1 66.00 | 41.32 | 129.00 | 58.00 | 101.06 104.30 0.12 | 5.59 | 6.01 | 2.64
2 93.80 | 27.11 | 129.00 | 16.00 83.53 86.50 0.13 | 497 | 599 | 2.49
3 93.70 | 3498 | 121.00 1.00 43,58 27.70 0.03 | 253 | 3.24 | 1.78
4 112.10 | 42.62 | 130.00 3.00 57.28 54.50 0.051| 437 | 495 | 2.34
5 13.80 7.27 16.00 0.00 6.37 3.00 0.04 | 093 | 1.07 | 1.08
6 84.40 | 44.42 99.00 1.00 46.83 41.50 0.01 | 2.02 | 2.34 | 1.59
7 19.20 11.68 | 21.00 0.00 10.72 10.80 048 | 2.60 | 2.85 | 1.80
8 68.10 | 33.12 85.00 1.00 26.55 22.00 0.03 ] 2.67 | 3.29 | 1.83
9 82.50 | 33.67 91.00 1.00 34.37 25.30 0.03 | 2.61 | 2.84 | 1.81
10 98.70 | 41.75 | 110.00 0.00 57.1 68.30 0.01 | 238 | 2.65 | 1.73
11 43.50 14.52 77.00 0.00 10.52 3.80 0.08 ] 1.96 | 3.46 | 1.56
12 39.80 19.01 63.00 1.00 14.42 10.00 0.051] 222 | 3.45 | 1.66
13 116.70 | 62.63 | 129.00 0.50 55.59 49.30 0.01 | 2.88 | 3.18 | 1.90
14 33.60 12.18 | 43.00 1.00 21.17 23.30 0.11 | 2.64 | 3.30 | 1.82
15 47.20 16.19 68.00 0.50 21.07 20.00 0.11 ] 2.76 | 3.94 | 1.86
16 98.90 | 54.60 | 128.00 1.50 58.2 58.10 0.01 ] 2.18 | 2.79 | 1.65
17 24.70 10.96 | 30.00 1.50 19.43 21.60 0.06 | 2.10 | 2.42 | 1.62
18 58.80 | 27.80 | 70.00 0.00 31.38 28.60 0.051| 357 | 424 | 2.11
19 18.10 8.96 27.00 3.00 16.34 17.90 0.14 | 1.89 | 2.51 1.54
20 56.40 | 32.08 70.00 1.00 25.05 22.20 0.00 | 242 | 296 | 1.74
21 92.40 | 49.46 | 127.00 2.00 60.05 62.40 0.01 ] 1.87 | 2.53 | 1.53
22 43.70 15.79 63.00 2.00 22.19 20.00 0.07 | 291 | 4.06 | 1.91
23 77.70 | 24.11 96.00 1.00 59.67 65.70 0.06 | 3.22 | 3.94 | 2.01
24 49.00 15.98 60.80 1.00 25.98 23.00 0.20 | 3.44 | 4.20 | 2.07
25 59.10 18.37 82.50 1.00 28.2 23.70 0.11 | 2.81 | 3.87 | 1.87
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26 | 25.80 | 12.21 | 127.00 | 89.00 | 115.5 117.00 | 0.05 | 2.56 | 3.77 | 1.79
27 | 2400 | 11.72 | 127.00 | 89.00 | 112.74 | 11330 | 0.06 | 2.16 | 3.42 | 1.64
28 | 18.60 | 8.84 | 103.00 | 79.00 | 93.87 94.60 0.12 | 2.19 | 2.82 | 1.65
29 | 28.50 | 14.87 | 110.00 | 75.00 | 95.13 95.80 0.14 | 3.10 | 3.81 | 1.97
30 | 49.00 | 30.44 | 111.00 | 30.00 | 61.46 59.20 0.07 | 438 | 7.24 | 2.34
31 | 82.80 | 26.05 | 114.00 | 3.00 | 42.09 41.90 0.06 | 3.60 | 4.82 | 2.12
32 | 67.90 | 27.49 | 110.00 | -2.00 343 27.60 0.05 | 2.82 | 4.65 | 1.88
33 | 57.70 | 17.59 | 99.00 | 3.00 | 36.53 32.80 0.06 | 2.28 | 3.79 | 1.69
34 | 30.20 | 15.21 | 52.30 | -1.00 | 24.28 20.60 0.05 | 2.25 | 3.98 | 1.68
35 | 45.30 | 26.67 | 57.00 1.00 | 33.87 35.90 0.09 | 420 | 5.19 | 2.29
36 | 107.70 | 55.86 | 129.00 | 0.00 | 70.18 76.00 0.02 | 2.67 | 3.20 | 1.83
37 | 72.70 | 33.02 | 88.00 | -1.00 | 38.94 35.40 0.05 | 3.49 | 427 | 2.09
38 | 73.90 | 23.00 | 89.00 1.00 | 37.53 30.00 0.06 | 3.19 | 3.80 | 2.00

Dg - overall elevation difference; Ds - specific elevation difference; I . - overall slope index

(%); Z max— maximum altitude; Z min — minimum altitude; H moy. — average altitude; I pm—

Average Slope Index; I ,— Rock Slope Index

Table 4: Hydrographic characteristics of watersheds

No. Lc L, Dy Tc Ve
gy | Oder | No| B Rc Ry Fol kmkmy | ©0 | time | mss
1 1 2 0.53 | 0.59 Ak HkE 3.66 1.08 3.96 0.39 | 0.74
2 1 1 0.45 | 0.89 Ak HkE 3.36 2.99 10.04 0.33 | 1.04
3 1,2 9 2.8 4.08 1.25 1.56 4.7 2.13 5.57 2.68 1.5
4 1,2,3 6 1.5 2.62 1.5t02 1.10to 1.42 | 6.29 2.75 8.64 1.15 | 1.44
5 1,2 4 0.26 | 0.44 3.00 1.36 6.47 0.71 3.46 0.62 | 0.15
6 1,2,3 50 | 4.14 | 10.54 | 1.35t06.67 | 0.75t03.78 | 10.29 2.17 12.06 8.93 | 1.49
7 1 1 0.1 0.04 Ak HkE 4.96 0.22 1.07 0.08 | 0.14
8 1,2 11 1.65 | 2.44 1.20 0.42 7.12 1.58 6.14 1.81 0.9
9 1,2 12 | 2.13 | 3.46 2.00 1.66 7.2 2.07 9.95 238 | 1.18
10 1,2,3 16 | 344 | 9.05 | 1.00t03.33 | 1.5t03.87 5.2 2.94 9.56 576 | 1.71
11 1 1 0.96 | 0.96 Ak HkE 1.81 1.74 3.15 0.57 | 0.56
12 1,2 3 1.03 1.37 2.00 0.05 4.07 1.86 5.04 091 | 0.61
13 1,2,3 72 | 3.72 8.9 |0441t05.75]0.37t02.96 | 15.26 1.89 18.38 6.75 | 1.55
14 1 1 0.37 | 0.37 HkE Hkk 4.71 1.74 8.18 0.20 | 0.55
15 1 1 0.59 0.6 Hkk ool 2.9 1.73 5.01 0.32 | 0.66
16 1,2,3 26 | 3.65 | 16.88 | 1.3t03.33 | 0.41to1.55| 4.15 2.69 5.59 10.71 | 1.42
17 1 1 0.47 | 0.47 HEE ik 3.67 1.74 6.38 0.37 | 0.57
18 1,2 3 1.27 1.32 2.00 2.12 4.93 2.17 7.15 0.85 | 1.13
19 1 1 0.17 | 0.17 HEE ool 445 0.77 341 0.16 | 0.23
20 | 1,2,3,4,5|556| 193 | 25.62 | 1.38t04.50 | 0.99to 1.43 | 315.5 14.54 252426 | 7.31 | 0.92
21 1,2,3 78 | 402 | 1271 | 0.73t02.5 | 0.96t0 1.03 | 11.14 1.81 10.37 10.30 | 1.47
22 1 1 0.65 | 0.84 Hkk ool 34 2.87 9.73 0.38 | 0.74
23 1 1 1,708 | 1.71 Hkk ool 1.78 3.05 5.44 0.87 | 1.88
24 1 1 0.3 0.3 Hkk ool 4.63 1.38 6.39 0.16 | 0.52
25 1 1 0.75 | 0.753 Hkk ool 2.33 1.76 4.1 0.40 | 0.84
26 1 1 0.32 | 0.702 e ik 4.4 3.09 13.57 0.31 | 0.56
27 1 1 0.65 | 0.649 e ik 3.4 2.21 7.49 0.43 0.8
28 1 1 0.18 | 0.198 e ik 6.11 1.21 7.36 0.15 | 0.29
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29 1 0.24 | 0.246 ok ok 4.35 1.07 4.67 0.18 | 0.38
30 1,2 18 | 042 | 1,122 17.00 4.96 37.3 2.32 81.87 0.43 | 0.56
31 1 1.87 | 1,866 ok ok 1.91 3.56 6.78 0.76 | 1.64
32 1,2 4 1.4 |2247 3.00 0.16 4.2 2.36 7.43 1.11 | 1.12
33 1 1.72 | 1.732 ok ok 1.68 291 4.89 0.90 | 141
34 1 091 | 0.99 ok ok 2.19 2.17 4.77 063 | 09
35 1,2 3 0.44 | 0.61 2.00 0.73 7.43 1.51 7.47 0.35 | 0.62
36 1,2,3 43 | 3.76 | 7,345 1.00 1.01to1.45 | 9.82 1.68 9.57 5.91 1.8
37 1,2 3 1.29 | 1,868 2.00 1.01 3.35 2.09 4.67 1.03 | 1.14
38 1 1.49 | 1,501 ok ok 1.92 2.89 5.55 0.77 | 141

Order - order of the thalweg; Nt - Total number of thalwegs; Lcp - Length of the main
watercourse; Lt -total length of thalwegs; RC - Confluence ratio; R/ - Average length ratio;
F - Hydrographic density; D(d) - Drainage density; C(t) - Torrentiality coefficient; T(C) -

Concentration time; V(e) - Water flow velocity

Of the 29 variables studied, 23 variables (Table 5) were selected by
multivariate statistical analysis. We considered that the variables not selected
contained information that was expressed by those selected.

Soil mapping
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The soil inventory carried out on the watersheds identified nine main
units, which are distributed as follows (see Figure 2):

- Dominant units (more than 15% of the area): Ferruginous upper slope
bowé (38.25%), loose ferrallitic soils (18.95%) and glacis bowé
(18.38%);

- Secondary units (5-15% of the area): Mixture of weathered rock
(12.65%);

- Minor units (less than 5% of the area): Mangrove soils (2.98%),
prolonged hydromorphic soils (2.37%), temporary hydromorphic
soils (2.24%), Decolorized soils (2.23%), and slope-initiating bow¢
(1.95%).

To confirm this distribution (see Fig. 2), the Conakry Geosciences
Agency (AGC) took samples during geotechnical studies in this area. These
samples were intended for building foundation studies. The results of the

granulometric analysis are presented in the table below.
Table 5: Granulometric analysis of Ratoma soils
Particle size (%)
>20 2to20 0.08to2 0.08>

No.  Sample Depth

1 EHamCon 3t05.6 33.5 25.2 15.2 26.1
2 Ekaporo 4t06 15 279 22.1 35

3  Team 1 1.5t03 0 19.7 254 30.8
4  Team?2 1.5t03 153 58.2 22.1 4.4
5 Team3 3to5 19.5 40.9 33.3 6.3
6  Ekoloma 4106 5.2 33.7 28.9 33.2
7  Esonfon 6to7 0 18.9 242 58.9
8 Team4 4106 0 15.2 27 57.8
9 Team5 35to5 30.8 25 11.5 32.7
10 ENongTal 3to4 2.4 354 232 39

11 ENongTa2 1.5t0o3 17.9 257 27.7 28.7
12 Esonforad 2.5to4 7.6 45 20.5 26.9
13 Ekobaya 5to7 0 34.2 30.8 35

14 Elamba 4t05 16.2 29.8 15.9 38.1

The results presented in Table 5 allow soils to be classified according
to the proportion of coarse elements (rejects on a 2 mm sieve). Analysis of
this table shows that five samples (EHamCon, Ekipé2, Ekipé3, Ekipé5,
Esonforad) have a skeletal texture, which confirms their location on the map
(Fig. 2)

A qualitative analysis was introduced to estimate the infiltration
potential of the different soil types in the study area. This approach is based
on cross-referencing the results in Fig. 2 with the granulometric data
presented in Table 5. Table 6 provides a textural characterization of the
samples and an interpretation of their infiltration capacity, based on
laboratory analyses.
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Table 6: Qualitative analysis of soil samples

December 2025

% retained

% passing

Qualitative interpretation

Sample @>2 mm @< 2 mm Dominant Infiltration Water Likely apparent texture
texture trend reserve
EHamCon 58.7 41.3 Skeletal High Very low  Coarse sandy to gravelly
Ekaporo 19.3 80.70 Moderately o qorae Medium 5 ety sandy loam
rude to low
Not very Medium to . .
Team 1 19.7 80.3 rude low Good Silty-sandy or silty-clay
Team 2 73.5 26.5 Very rude High Very low  Coarse sand / stony bowé
Team 3 60.4 39.6 Very rude High Very low  Ferrallitic sand or regosol
Ekoloma 38.9 61.1 Moderately Moderate Average Loose.s.a ndy loam or
rude ferrallitic
Esonfon 18.9 81.1 Not very Low to Good Discolored silty-clay
rude moderate
Team 4 152 348 Not very Weak High clayey-loamlor temporary
rude hydromorphic
Team 5 55.8 44.2 Very rude High Weak Sandy to stony (ferruginous
glacis)
ENongTal 37.8 622 Mofjgztely Moderate  Average  Sandy-silty to ferrallitic
ENongTa2 43.6 56.4 Moderately Moderate Medium Sandy-loamy
rude to low
Esonforad 52.6 47.4 Very rude High Weak Gravelly to ferruginous sand
Ekobaya 34.2 65.8 Moderately Moderate Average Sandy-loamy with a clayey
rude tendency
Elamba 22.60 77.40 Mo;is(riztely Moderate Average  Gravelly sandy loam

The samples shown in Table 6, containing at least 50% coarse

aggregate (=2 mm) such as EHamCon, Ekipé2, Ekipé3, Ekipé5, and
Esonforad, are likely to be well-drained, with potentially high infiltration but
very low water retention. On the other hand, soils with a low proportion of
coarse aggregates (Ekipél, Esonfon, Ekipé4) have an infiltration capacity
that depends on their fine texture (silt/clay). As a result, they could be
classified as soils with temporary hydromorphy, typical of low-slope areas or
secondary valleys.

Multivariate statistical analysis

Principal Component Analysis (PCA): to highlight the similarities
between the different watersheds and better understand the degree of
dependence between the hydro-morphometric parameters. The correlation
coefficients were determined and recorded in the correlation matrix table.
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Table 7: Correlation matrix between hydro-morphological parameters of watersheds

Variable T o s H,. P Ve Z,. L, Dg H,. D I, I, N, I, F pd ¢, F, L,,, Od L L, lar,_
TC 1,000
S 0.871 1,000
Hmoy -0149 0,126 1,000
P 0.906 0939 0044 1,000
Ve 0.535 0.578 0171 0.759 1,000
Zmax 0.250 0.436 0771 0495 0612 1,000
Léq 0.877 0.892 0021|0991 0802 0505 1,000
Dg 0.565 0.648 0168| 0.805 0876 0669 0.833 1.000
H50% -0,173 0,124, 0990 0029 0,159 0727 0,002 0,146 1,000
Ds 0.698 0817 0229 0852 0729 0629 0.821 0889 0214 1,000
Ipg -0.457 -0,269 0338 -0228 0,119 0361 -0,218 0310 0,339 0235 1,000
Ipm -0,513 -0,362 0289 -0,322 0,037 0354 -0,307 0,153 0,278 0,073 0,888 1,000
Nt 0.358 0.230 -0084 0221 0087 -0.007 0.181 0,100 -0.085 0223 -0.117 -0,160 1.000
Ipr -0.458 -0,263 0331 -0214 0,155 0376 -0,200 0330 0,330 0243 0992 0890 -0,109 1,000
F 0.222 0.072 -0,101 0.071 -0.016 -0.069 0.035 -0.004 -0.102 0.105 -0.057 -0.071 0982 -0.051 1,000
Dd 0.218 0.074 -0030 0142 0216 0051 0.137 0,150 -0.033 0.144 -0.001 0009 0918 0019 0930 1,000
Ct 0.202 0.043 -0,112 0,052 -0.014 -0.086 0.021 -0,018 -0.111 0.070 -0.070 -0,093| 0.979 -0.063 0996 0.941 1,000
F1i 0.186 0.046 -0085 0.039 -0.045 -0.066 0.001 -0.024 -0.086 0.089 -0.026 -0.023| 0969 -0.022 0996 0919 0.987 1,000
Lt tal 0744 0,731 0021 0708 0435 0269 0,661 0469 0,023 0622 -0231 -0312 0,795 -0219 0,702 0.704 0,690 0676 1,000
Ord 0.757 0.683 -0040 0697 0432 0254 0647 0543 -0.045 0715 -0.126 -0227 0.687 -0.126 0608 0.565 0,577 0588 0.863 1.000
Lt 0.878 0905 0086/ 0977 0827 0515 0971 0811 00720849 -0.197 -0295 0234 -0.173 0085 0,184 0,068 0052 0698 0680 1,000
Lmax 0,795 0,835 0044 0954 0,873 0545 0969 0,890 0,033 0856 -0096 -0,184 0,158 -0,071 0,018 0,145 0,004 -0014 0,604 0618 0952 1,000
larmax 0927 0952 0048 0918 0512 0359 0871 0590 00350771 -0.337 -0434 0235 -0.345 0088 0,055 0061 0057 0700 0717 0873 0785 1,000

D Good correlation

D Average correlation D Poor correlation

After analyzing the correlation matrix, three principal axes were selected. They were chosen in order to maximize
the variance explained by the data. They are independent of each other (see Table 6).
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Table 8: Eigenvalues of the hydro-morphometric parameter correlation matrix

Initial eigenvalues

Rotation sums of the square of the

Axis — - loads p
Initial % of Cumulative Total % of Cumulative
eigenvalues variance equity (%) variance equity (%)

1 10,361 45,047 45,047 9,782 42,529 42,529

2 5,385 23,412 68,460 5,758 25,036 67,564

3 4,089 17,779 86,238 4,295 18,674 86,238

Table 7 was created to interpret and understand the importance of the

variables in the construction of each principal axis.
Table 9: Correlation matrix vector

Variable F1 F2 F3
P 0.062 -0.091
Ly 0.027 -0.079
L 0.079 -0.040
L max 0.017 0.041
S 0.061 -0.128
LAR pax 0.067 -0.231
D 0.120 0.318
Tc 0.196 -0.374
D 0.020 0.394
Ve 0.796 0.003 0.285
Order 0.672 0.610 -0.079
F 0.004 -0.056
C: -0.016 -0.069
Fi -0.027 -0.026
N+ 0.155 -0.092
D 0.090 0.066
Lt ta 0.658 0.700 -0.122
I pr -0.147 0.008

I, -0.161 0.002

I pm -0.267 -0.015

Z max 0.572 -0.044 0.686
H average 0.140 -0.081 0.677
H 509 0.123 -0.080 0.667

The PCA groups together variables that are strongly correlated with
each other (variables with the same information). To understand the
hierarchical relationships between the 38 watersheds based on the variables
studied, we use the ascending hierarchical classification (AHC) method to

better visualize the data.
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Fig. 3: Map of watersheds in two groups according to the ascending hierarchical
classification with the three main axes of PCA
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The indicators that influenced this grouping are geometric parameters

and relief parameters. Relief also influences water flow.
Table 10: Grouping of watersheds according to their similarity.

Design

ation Group 1 Group 2

BV1, BV2, BV4, BV5, BV7, BVS, BV9, BV11, BV12, BV14, BV3,  BV6,
Waters BV15, BV17, BVIS, BV19, BV222, BV23, BV24, BV25, BV10, BVI3,

hed BV26, BV27, BV28, BV29, BV30, BV31, BV32, BV33, BVI6, BV20,
BV34, BV35, BV37 and BV38 BV21, BV36

Area . -
(ka? 0.16 +1.67 1.767+7

Concen

tration 0.15 +2.38 2.68 +10.71
time

(hours)
Flow 0.14 +1.88 092 +18
rate

Simultaneous analysis of Tables 10 and 5 shows that 16.67% of
basins have very low velocities (<0.5 m/s), 36.67% have low velocities (0.5-
0.8 m/s) , and 46.66% have moderate velocities (0.8-2.5 m/s). In contrast, all
of the basins in Group 2 have velocities in the range of 0.8-2.5 m/s

Assessment of the water availability potential of the watersheds in the
study area

This section addresses the assessment of the water availability
potential (WAP) of watersheds (WS) by integrating several elements, such as
concentration time, flow velocity (which influences runoff), pedology, and
soil texture (including permeability and retention), while relying on
multivariate analysis:

- The sub-basins located upstream have steep slopes and low drainage
density, resulting in high concentration time.

- Deep soils, rich in organic matter and without a crust, can act as
reservoirs for retention and infiltration, while very skeletal soils and
bogs are less favorable.

- Samples containing a high proportion of coarse particles (>50%)
have high gravitational conductivity but low storage capacity.
However, samples with a high silt or clay content have low hydraulic
conductivity (Ks) but high surface retention.

- Principal component analysis highlighted two axes of sensitivity:
Axis 1 (hydrological parameters) and Axis 2 (soil characteristics
based on topographical parameters), while hierarchical classification
analysis distinguished two groups of watersheds.
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Following this analysis, two functional classes can be distinguished:
(1) infiltration areas with high potential, and (ii) transit areas with moderate
particle transport.

Discussion
Analysis of hydro-morphometric parameters

In order to characterize the watersheds in the study area, analysis of
geometric parameters showed that almost 11% of the watersheds (BV1,
BV7, BV30, and BV35) have a Gravelius compactness coefficient tending
towards 1, indicating a circular shape conducive to more efficient drainage.
Conversely, nearly 89% of the watersheds in the study area have unfavorable
drainage characteristics. These results corroborate the observations of
Benzougagh (2019), Barbot et al. (2019), and Ameur & Saidi (2020), which
showed the influence of geometry on the hydrological behavior of
watersheds.

Geometric parameters help us understand its shape and its influence
on runoff, erosion, and infiltration, while relief parameters enable us to
predict flood and erosion risks and understand flow dynamics in order to
plan land use and water management. According to the ORSTOM
classification of 1973, watersheds BV5, BV7, BV17, BV20, and BV28 have
a relief amplitude of less than 30 m and an average slope of less than 5%,
which corresponds to flat or slightly undulating terrain. These are areas with
high potential for water infiltration and a potentially low risk of erosion.
These basins correspond to neighborhoods that are often flooded in Ratoma.
This analysis corroborates the results of the work by Benzougagh Brahim et
al. (2016) and Benzougagh et al. (2019). The geomorphological distribution
of the watersheds indicates that 61% of them have undulating relief (low
hills, dissected plateaus) characterized by moderate runoff and moderate
erosion. The remaining 26% have pronounced hilly features (hills) with more
significant runoff and erosion risk. The neighborhoods of these watersheds
are located along Route de Prince, where the natural terrain elevations are
highest upstream and gradually decrease toward the outlet areas (low
elevation areas). Analysis of the hydrographic parameters of a watershed in
turn allows us to study the organization of the hydrographic network, its
impact on water flow, and the risks of erosion or flooding (Strahler A.N.,
1957). According to the results in Table 4, we can see that the drainage
densities of BV1, BV5, BV7, BVS, BV11, BV12, BV13, BV14, BVI5,
BV17, BV19, BV21, BV24, BV25, BV28, BV29, BV35, and BV36 are low
(less than 2), and the hydrographic densities are less than 2 for BV11, BV23,
BV31, BV33, and BV38. Fifty percent of the BVs have drainage densities
between 2 and 4, compared to 55% with hydrographic densities between 2
and 5. BV20 has a drainage density greater than 4, while BV4, BVS5, BV6,
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BVS, BV9, BV10, BV13, BV20, BV21, BV28, BV30, BV35, and BV36
each have a hydrographic density greater than 5. According to Horton RE
(1932, 1945 ), watersheds with a drainage density and hydrographic density
< 2 are low-type watersheds with permeable soil (high infiltration), BVs with
a drainage density drainage 2 < Dd <4 and a hydrographic density 2 < F <5
are medium-type watersheds with balanced drainage (moderate infiltration),
and finally, watersheds with a drainage density Dd > 4 and a hydrographic
density F > 5 are high-type watersheds with rugged terrain and intense
runoff. Referring to the work of Bentekhici N. et al. (2006), Zurcher Mardy
et al. (2024), According to Benzougagh et al. (2019), we can say that the
watersheds located north of the study area have a low runoff velocity and are
therefore sites of solid particle deposition. We also note in Table 4 that, out
of a total of 938 thalwegs drained by permanent or seasonal watercourses,
32% of BVs are well drained. The most watered watersheds are BV6, BV13,
BV20, BV21, and BV36, while those that are poorly drained are BV1, BV2,
BV7, BV11, BV14, BV15, BV17, BV19, BV22, BV23, BV24, BV25,
BV26, BV27, BV28, BV29, BV33, BV34, and BV38. These basins are
drained by either one or two watercourses. The ranking carried out using
ArcGIS software according to the method of Strahler A.N. (1957), shows
that the highest order of watercourses is 5 and is found in BV20. In the same
BV, we found that the torrentiality coefficient decreases with increasing
order of watercourses. We can say that this decrease is due to the fact that in
upstream areas where the order is low, flows are influenced by the
topography and the presence of buildings, leading to high runoff and a rapid
hydrological response, while downstream (where the order is higher), the
slope decreases as the river widens due to the inflow of tributaries, leading to
a decrease in torrentiality. Table 5 also shows that the flow velocity is
inversely proportional to the concentration time. Thus, BV23 has the highest
flow velocity of 1.88 m/s for a concentration time of 54.6 minutes. This
means that the water reaches the outlet more quickly, thus reducing the
concentration time. These observations corroborate the results of the work by
Zurcher Mardy et al. (2024), which show that the importance of flow
velocity is linked to the characteristics of the terrain and its lithological
formations.

Statistical analysis of the hydro-morphometric parameters of the
Ratoma watersheds

To better understand the level of relationship between variables, we
use the correlation coefficient matrix, which allows us to identify the
relationships between variables. This technique has been used by (Baba-
Hamed K., 2016) and (Faye Cheikh, 2014).
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Table 5 shows a strong positive correlation between surface area (r =
0.871), the length of the equivalent rectangle (r = 0.877), the perimeter (r =
0.906), the total length of the main watercourse (r = 0.878), and the greatest
width (r = 0.927) of the BV and the torrentiality coefficient. On the other
hand, there is a weak correlation between the specific slope (r = 0.698), the
total length of the stream thalwegs (r = 0.744), the order of the streams (r =
0.757), the greatest length (r = 0.795) and the torrentiality coefficient. These
results show that these indicators play an important role in estimating the
response time of a watershed after precipitation in order to anticipate flood
risks. Hydrographic density is strongly correlated with drainage density (r =
0.930), torrentiality coefficient (r = 0.996), and confluence of order 1
watercourses (r = 0.996).

The PCA method applied to our sample yielded the following results:
a Kaiser-Meyer-Olkin index of 0.694 for the measurement of sampling
quality, for a non-zero determinant with a significance of 0.0001. In this
case, our sample is adequate for PCA according to (Pearson K., 1901),
(Gilbert Saporta, 2003). Based on the input data and the PCA analysis
performed using the correlation matrix of hydromorphometric parameters,
the sample size was reduced by creating synthetic variables that group
together a certain amount of information into three main components (axes),
which alone explain 86.24% of the total variance in the data (Table 6). We
consider these eigenvalues (Table 6) to be appropriate for explaining the
variability of our data, as we have set the total variability at 75%.

Axis 1, which explains 45.05% of the variance, reflects a strong and
positive correlation between the variables (P, Léq , Lt, Lmax, S, larmax, Ds,
Tc, Dg, order, and Ve). These 11 indicators all have positive coefficients.
This axis expresses the geometric and structural dimension of the
watersheds, reflecting their level of morphometric development as well as
the state of water flow (degree of hydrological response of the basins).
Basins that show a strong correlation with this axis are characterized by large
surface areas, significant drainage lengths, and welldeveloped morphology.

Axis 2, which accounts for 23.41% of the variance, also indicates a
strong and positive correlation between the variables (F, F1, Nt, Ct, Dd).
This axis shows the density of the hydrographic networks of the watersheds.
These indicators reflect the structure of the drainage network and the density
of fragmentation of the relief, showing the degree of hydrographic
organization of the basins. High values on this axis are synonymous with
dense and ramified networks, often associated with rugged terrain and steep
slopes (Eléanore L., 2019).

Axis 3, explaining 17.78% of the variance, also shows a strong
positive correlation between the variables (Ipr, Ipg, Ipm). This axis
highlights the topographical and energy components of the watersheds. It
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describes the type of relief of the BVs. In summary, the three main axes
describe both the relief and the runoff (Ralf Loritz, 2019), (Mahala Avijit,
2019).

Applying ascending hierarchical classification (AHC) to the factor
scores obtained from PCA made it possible to divide the 38 watersheds into
two distinct groups, as illustrated in Figures 2 and 3, based on their hydro-
morphometric similarities (Table 8). The number of groups can be adjusted
by modifying the position of the classification line on the dendrogram, as
suggested by the work of researchers such as (Giiler, 2002), (Cloutier V,
2008). Group 1 comprises 30 small watersheds (0.16 to 1.67 km?), which are
characterized by short concentration times (0.15 to 2.38 hours) and flow
velocities of less than 0.5 m/s in 16.667% of cases. These basins correspond
to undulating terrain. Group 2, on the other hand, comprises only eight
watersheds, which are larger (1.76 to 7 km?), with longer concentration times
(2.68 to 10.71 hours) and higher flow velocities (0.8 to 2.5 m/s). These
indicators correspond to hilly terrain types. It should be noted that 36.67% of
the basins in group 1, as well as all those in group 2, have velocities between
0,8 and 2,5 m/s (Flodkvist Herman & Hjulstrom Filip, 1936), (DArcy P.,
1993).

Pedological analysis of the watersheds in the study area

The nine soil types shown in Figure 2 are classified into three main
categories, the most important of which are ferruginous and ferralitic
formations, characteristic of plateau and slope areas. This analysis is
supported by the research of Paul Faure (1998), which establishes a link
between these pedological units (Figure 2) and the processes of soil
formation on plateaus and slopes. The second trend, which includes a
mixture of weathered material and rock material (12.65%), indicates areas of
morphological and pedological transition. In contrast, hydromorphic and
decolorized soils (<5%), located at the bottom of slopes and in valley
bottoms, indicate water dynamics that may be temporary or permanent.
These observations are consistent with the results of Hector Basile & al
(2018), which examine the hydrological dynamics of lowlands, water
accumulation, and prolonged saturation.

Samples taken by the Conakry Geosciences Agency (AGC) as part of
geotechnical studies corroborate this spatial distribution. The results of the
granulometric analysis (Table 5) show great textural heterogeneity, with
proportions of coarse elements (> 2 mm) ranging from 0 to over 70%. The
research work of (Diop Baye Oumar, 2018), (Dzoualou Sorel Dzaba, 2024),
(Adebisi NON, 2014) also supports this analysis.

Cross-referencing the granulometric results and the pedological map
(Figure 2) made it possible to propose a qualitative textural classification and

WWW.esipreprints.org 240



http://www.eujournal.org/

ESI Preprints December 2025

to assess the infiltration potential of the various soil types presented in Table
6. Samples with a coarse particle proportion exceeding 50% (EHamCon,
Ekipé2, Ekipé3, EkipéS, Esonforad) are similar to skeletal or gravelly soils,
which are generally well-drained and have a high infiltration capacity but
low water retention. The study by Steffen Beck-Broichsitter et al. (2023),
also illustrates how the amount of gravel influences pore distribution, water
retention capacity, and, consequently, infiltration. These properties are
characteristic of ferruginous Bow¢ and glacis, where the sandy matrix
predominates and the fine horizons are poorly developed (Kadéba Abel,
2020).

However, samples with a fine or slightly coarse texture (Ekipél,
Esonfon, Ekipé4), rich in silt and clay, show lower permeability and higher
water retention capacity, indicating temporary hydromorphic behavior
(Oyediran GO & Wakatsuki, 2015). These soils are mainly located at the
bottom of slopes and in secondary valleys, where topographical and water
conditions favor stagnation and periodic saturation of the upper horizons.
This analysis supports the detailed study of the hydrological behavior of
hydromorphic soils mentioned by Ibrahim Mubarak & al (2009) ; which is
consistent with basins with a flow velocity of less than 0.5 m/s (BV5, BV7,
BV19, BV2S, and BV29).

Analysis of the estimated water availability potential of the watersheds

The estimation of water availability potential (WAP) in the
watersheds studied is based on an approach that integrates hydro-
morphometric, pedological, and statistical parameters. This analysis aims to
characterize watersheds according to their capacity to retain, infiltrate, and
manage runoff, based on the interactions between morphology, soil texture,
and flow dynamics (Francisco José Del Toro-Guerrero, 2018), (Fatma Zohra
Kadi & Fatiha Touafchia, 2018).(Hakeem Musaed, 2022), (Fauchon André,
1975), (Faidance Mashauri M. M., 2023), (Nihad M. et Hicham M., 2022).

The results show that the upstream sub-watersheds have steep slopes
and low drainage density, resulting in high concentration times. These results
reflect rapid but short-lived runoff, limiting surface storage capacity and
deep infiltration. In contrast, downstream areas have gentler slopes, which
slow runoff and promote potential recharge of surface aquifers. Supporting
this analysis, the work of Douha Akkari (2024) also establishes a link
between steep slopes, dense hydrographic networks, and rapid hydrological
response in a basin.

From a pedological point of view, soils rich in organic matter and
without lateritic crusts are ideal reservoirs for water retention and infiltration,
unlike bowés and skeletal soils, which have limited storage capacity. Other
studies, such as those by Askari Mohammed et al. (2008), corroborate this
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analysis by showing the variability of infiltration according to fine texture
and topographic position in a tropical context. In addition, Yu Liu et al
(2019) also show the positive effect of organic matter on infiltration and
storage capacity.

The granulometric characterization confirms this distinction: soils
with a high coarse fraction (>50%) have high hydraulic conductivity but
negligible retention capacity, promoting rapid drainage, while soils
dominated by fine particles offer significant surface retention despite their
reduced permeability (Eléonore Beckers, 2016).

Multivariate analysis (PCA and CAH) validates this classification
into two groups of drainage zones according to their sensitivity. On the one
hand, there are areas with high water availability potential, corresponding to
units with moderate slopes, deep soils, and fine textures, which favor
infiltration and temporary water storage. On the other hand, areas with
moderate water transit are characterized by skeletal or coarse-textured soils,
where runoff predominates over infiltration.

Areas dominated by coarse soils correspond to units of rapid runoff
and high infiltration, while fine and hydromorphic areas act as temporary
reservoirs, playing a role in regulating the local water balance (Mahyar
Naseri, 2023). (Mutsa C. Masiyandima, 2025) . This classification makes it
possible to map the potential water availability in Ratoma.

Although supported by granulometric analysis, the assessment of soil
infiltration capacity remains qualitative. It is not based on in situ
measurements of saturated hydraulic conductivity, which would provide
quantitative data for modeling effective infiltration, as indicated in the work
of Askari Mohammed (2008). The failure to take land use into account is
also a limitation that should not be overlooked.

Conclusion

The use of remote sensing data analyzed by GIS tools represents an
innovative approach to characterizing watersheds, which differs from
traditional methods of analyzing the morphometric parameters of a
watershed. Thanks to imaging, it is possible to obtain accurate and
continuous data on the study area. This information was processed using
ArcGIS software, then statistical methods were used to classify the
watersheds into homogeneous groups according to their characteristics.

This study provided a comprehensive characterization of the water
availability potential of the watersheds in the former municipality of Ratoma
using an approach that combines geomatics, pedology, and multivariate
statistical analyses.

The methodology used is based on the exploitation of satellite data
and field soil data. It enabled 23 hydro-morphometric parameters to be
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extracted from 38 identified watersheds. Multivariate statistical analysis
(PCA and CAH) enabled the watersheds to be divided into two distinct
groups with different hydrological behaviors: small watersheds (Group 1)
with rapid hydrological response, and larger watersheds (Group 2) with
slower flow dynamics.

Soil characterization revealed a predominance of ferruginous and
ferralitic soils (75% of the territory), whose granulometric properties directly
influence infiltration and runoff processes. Cross-referencing the data
identified two areas with high water potential:

- Areas with high water potential, associated with hydromorphic soils
- Water transit areas, characterized by rapidly draining skeletal soils

The results of this research provide a decision-making tool for
integrated water resource management in urban areas. The findings open up
new perspectives for land-use planning.
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