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fragile soils (K up to 0.452), steep slopes (LS > 8), and dense urbanization
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1. Introduction

Soil water erosion represents one of the primary processes of environmental deg-
radation in tropical regions, adversely affecting agricultural productivity, ecosys-
tem stability, and the quality of water resources [1] [2]. In urban watersheds, this
phenomenon is exacerbated by soil sealing, deforestation, and rapid land use
changes, which promote increased surface runoff and heighten flood risks [3].

In West Africa, demographic pressure and unplanned urbanization have led to
uncontrolled expansion of built-up areas, often at the expense of vegetation,
thereby increasing soil vulnerability to erosion [4]. Urban watersheds in humid
tropical zones display complex hydro-sedimentary dynamics, where the spatial
variability of rainfall, topography, soil properties, and vegetation cover interac-
tively influence soil loss rates [5].

The Gourou watershed, located within the city of Abidjan (Cote d’Ivoire), ex-
emplifies these challenges. The area experiences a humid tropical climate with in-
tense seasonal rainfall and rapid urban expansion, resulting in recurrent erosion,
sedimentation, and flooding events that significantly impact the population, in-
frastructure, and surface water quality. Despite its strategic importance, few inte-
grated studies have quantified and spatially mapped water erosion in this tropical
urban context.

Traditionally, erosion assessment has relied on time-consuming and costly field
measurements or models requiring site-specific data, which are often scarce in
developing regions [6]. The emergence of high-resolution satellite imagery and
cloud-based processing platforms such as Google Earth Engine (GEE) has opened
new avenues for analyzing erosion processes at appropriate spatial and temporal
scales, while efficiently integrating diverse data sources.

This study aims to deliver an integrated mapping of water-induced soil erosion
in a tropical urban watershed using the Universal Soil Loss Equation (USLE) and
multisource datasets processed via GEE. Applied to the Gourou watershed, the
analysis seeks to enhance understanding of the spatial distribution of soil loss and
provide a decision-support tool for sustainable resource management, urban

planning, and especially the mitigation of flood risks.

2. Study Area

The Gourou watershed is located in the Autonomous District of Abidjan (Cote
d’Ivoire). It lies between latitudes 5°10" and 5°25' North and longitudes 3°59'10"
and 4°2'30" West. This watershed covers an area of approximately 27.5 km? [7],

extending along a north-south axis about 9 km in length and 3 km in width from
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east to west. It is bounded to the east by the Boulevard Latrille, to the west by the
Adjamé-Anyama railway line, to the north by the municipality of Abobo, and to the
south by the Bay of Cocody and the Plateau municipality [8]. Its main drainage ca-
nal corresponds to the former bed of the “Gougou” river, as named in the Atchan
(Ebrié) language. All surface water within the watershed converges toward its outlet
located at the Indénié junction, at the intersection of the municipalities of Plateau,

Cocody, and Adjamé, before flowing into the Ebrié Lagoon [8] (Figure 1).
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Figure 1. Gourou watershed extract from the administrative map of Abidjan from the Center for Cartography and Remote
Sensing and placed on a Google Earth background.

3. Materials and Methods
3.1. Materials

The materials used for this study include both auxiliary datasets (Table 1) and
software tools. The auxiliary data consist of a Landsat 8 OLI/TIRS image acquired
on January 20, 2022 from the USGS EarthExplorer platform [9], a 12.5 m resolu-
tion Digital Elevation Model (DEM) from the ALOS PALSAR sensor [10], soil
data collected during a field campaign in the study area, and climatic data derived
from the CHIRPS rainfall database [11]. The Landsat image was processed using
ENVI 5.3 software [12], while ArcGIS 10.8 [13] was employed for spatial analysis

and geographic information system (GIS) operations.
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Table 1. Sources and characteristics of input datasets used for hydrological erosion modeling in the Gourou watershed.

Data type Associated factor Format Scale/Pixel Size Data source
ALOS PALSAR
RTM (DEM L 1 d length Rast éo Ti 12.5
S ( ) S (Slope and length) aster (Géo Tif) m https://search.asf.alaska.edu
. . . .. ., 0.05° approx. 5 CHIRPS
1 te (Rainfall-CHIRP R (Rainfall t Raster (ESRI grid
Climate (Rainfall-C S (Rainfall erosivity) Raster (ESRI grids) km https://www.chc.ucsb.edu/data/chirps
Soil dat bility,
ot data (perr.nea by K (Soil erodibility) CSV - Field survey

texture, organic matter)
Landsat 8 (Jan. 20,2022)  C (Land cover factor) Raster 30 m USGS http://earthexplorer.usgs.gov

A Garmin GPSMAP 62x device [14] was used during the field survey to collect
geographic coordinates of sampling locations.

Additionally, the Google Earth Engine (GEE) platform [15] was employed for
the extraction and processing of climatic, pedological, and topographic data, as
well as for the computation of the Universal Soil Loss Equation (USLE) factors (R,
K, LS, C, and P). GEE is a cloud-based geospatial processing platform developed
by Google, designed for large-scale environmental data analysis. It provides free
access to an extensive catalog of satellite imagery (e.g., Landsat, Sentinel, MODIS)
and climate datasets. The platform offers powerful tools for data processing, vis-
ualization, and spatial analysis, accessible through JavaScript or Python APIs.

One of GEE’s main advantages is its ability to handle massive geospatial da-
tasets efficiently, without requiring high-performance local computing resources.
It enables access to both historical archives and near real-time data, making it
particularly suited for environmental monitoring, land use/land cover change de-
tection, forest monitoring, erosion mapping, flood assessment, and other Earth

system science applications [16] [17].

3.2. Methods

The study of water-induced soil erosion in the Gourou watershed was conducted
through a multi-criteria analysis integrating the factors of the Universal Soil Loss
Equation (USLE). The methodological framework combined in situ measure-
ments (permeability tests, soil sampling), digital processing (Google Earth Engine
platform, Geographic Information Systems, and remote sensing), and spatial
modeling techniques [15].

3.2.1. Rainfall Erosivity (R Factor)

Rainfall erosivity (R), a key component of the USLE model, was estimated using
precipitation data from the CHIRPS (Climate Hazards Group InfraRed Precipita-
tion with Stations) database [16]. These datasets, accessed via the Google Earth
Engine (GEE) platform, were filtered by temporal range and the area of interest
(AOI) to compute the cumulative rainfall for the study period. The mean annual
rainfall over the watershed was then derived and used to estimate rainfall erosivity

using the simplified empirical formula proposed by Fenta et al (2020) [18]:
R=05%P, (1)
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R is the rainfall erosivity (MJ-mm-ha™"h™'-yr™),
P

annual

This simplified formulation is widely used in tropical regions of West Africa,

is the mean annual precipitation in millimeters (mm).

where rainfall is characterized by high intensity and marked seasonal distribution.
It is particularly suitable for the West African context as it adequately reflects the
nonlinear relationship between annual rainfall and the kinetic energy of precipi-
tation, as confirmed by Fenta et al (2020) [18]. Its application thus enables a ro-
bust and regional estimation of the R factor, consistent with the climatic condi-

tions of high rainfall intensity typical of the Gourou watershed.

3.2.2. Soil Erodibility (K Factor)
Soil erodibility (K) assesses the susceptibility of a soil to erosion based on its per-
meability, texture, structure, and organic matter content. In this study, the K fac-
tor was determined through in situ permeability tests and laboratory analyses.
These measurements allowed for the application of the empirical formula pro-
posed by Wischmeier & Smith [6]:

Soil erodibility (K) assesses the susceptibility of soil to erosion based on its per-
meability, texture, structure, and organic matter content ([16]). In this study, the
K factor was determined through in situ permeability tests and laboratory anal-
yses. These measurements allowed for the application of the empirical formula
proposed by Wischmeier and Smith ([6]):

K =2.1xM™ x10° (12~ M0O)+0.0325x (b—2) +0.025x(C -3)  (2)

where

e Mrepresents the texture parameter, calculated as (%silt + %very fine sand) x
(100 — %clay);

e MOis the organic matter content (%); b is the soil structure code (on a scale
from 1 to 6);

e cis the permeability class (on a scale from 1 to 6).

Permeability tests were conducted at 19 locations across the watershed, limited
by access constraints due to urban development. These observations provided a
spatially representative basis for estimating K values across the study area (Figure
2, Figure 3).

Based on Porchet’s method and the Beerkan infiltration theory [19], field tests
were conducted during the dry season using an infiltrometer. Water was poured
into boreholes between 30 and 100 cm deep to measure the infiltration rate, thereby
assessing the soil’s water absorption capacity and susceptibility to surface runoft.

Soil samples were collected at 19 georeferenced locations across the watershed,
at depths ranging from 30 to 100 cm, using manual augers. Each sample, weighing
approximately 500 g, was taken from homogeneous soil profiles located near vis-
ible erosion features (e.g., gullies or rills). Particle size analysis was performed at
the CRE laboratory (Université Nangui Abrogoua) following the AFNOR NF
X31-107.500 [20] standard, to determine the relative proportions of sand, silt, and
clay. These textural data, combined with permeability measurements, were used

to evaluate the soil’s susceptibility to water erosion. The K-factor map was gener-
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ated on Google Earth Engine using Inverse Distance Weighting (IDW) interpola-

tion from the georeferenced sample points.
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Figure 2. Sampling points selected (Sampling point interpolated from ArcMap and
placed on a Google Earth background).

Figure 3. Infiltrometer test at Cocody.
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3.2.3. Slope Gradient (LS Factor)

As part of the assessment of water-induced soil erosion in the Gourou watershed,
the LS factor (slope length (1) x slope steepness (6)) [21] was computed using the
Google Earth Engine (GEE) platform from a Digital Elevation Model (DEM). The
DEM was first processed with a focal mean filter to reduce irregularities and im-
prove flow direction calculations [22]. The slope gradient was derived from the
smoothed DEM and then converted to radians in order to compute the tangent of
the slope angle (tané), which is required for calculating the LS factor [22]. The
slope length (1) was estimated from the flow accumulation derived from the fil-
tered DEM, with values constrained between 10 and 100 meters to remain within
realistic hydrological thresholds [23]. The LS factor was then computed by com-

bining two components [22]:

ﬂ, 0.9
LS, =| 22— 3
* (22.13} )
tan @ '
LS, = 4
¢ (0.0896} )

3.2.4. Land Use/Land (C Factor)
The C factor, representing the impact of vegetation cover on soil erosion, was es-
timated using a land use/land cover (LULC) map derived from a 2022 Landsat
image. This map was generated through supervised classification using the maxi-
mum likelihood algorithm in ENVT software, and subsequently validated through
a field survey [24].

Four main land cover classes were identified:
e Built-up/Bare soil,
e Dense forest,
e Degraded forest,
e Wetlands/Croplands.

Each class was assigned a C value according to the reference values established
by Wischmeier and Smith [6] and refined by Lufafa et al [24] (Table 2). The C
factor map was subsequently produced in Google Earth Engine by rasterizing the
classified LULC data and reclassifying each pixel according to its corresponding

C value.

Table 2. Land use classes and corresponding C-factor (Cover-Management Factor) values
(6] [24].

Class Land use C Facteur Range
1 Dense forest 0.001 - 0.01
2 Degraded forest 0.01 - 0.05
3 Wetland/Cropland 0.2
4 Urban area 0.15-0.25
5 Bare soil 05-1
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3.2.5. Soil Conservation Practices (P Factor)

The support practice factor (P) is a key parameter in assessing soil water erosion,
as it quantifies the effectiveness of soil conservation measures in reducing soil loss.
To determine this factor, field data on existing conservation practices were col-
lected, including the presence of terraces, vegetative buffer strips, and contour
farming. However, due to the high degree of urbanization in the Gourou water-
shed, no structured soil conservation practices were observed. Moreover, on the
remaining permeable land areas (agricultural or natural zones), no artificial soil
conservation techniques—such as terracing, benching, or contour plowing—are
implemented. Therefore, the P factor is set to 1 across the entire watershed. This
value reflects the absence of effective mechanical or agronomic conservation prac-
tices. It is important to note that while the C factor (cover and management factor)
already accounts for land cover effects—including vegetation cover and impervi-
ous surfaces (e.g., built-up areas)—the P factor specifically addresses deliberate
conservation interventions aimed at controlling erosion. In this context, assigning
P =1 is fully justified, consistent with field observations and previous studies con-

ducted in similar environments [25].

3.2.6. Integration of USLE Factors in Google Earth Engine (GEE)
The final USLE model was implemented in GEE, combining the R, K, LS, C, and

P layers into a spatially distributed soil loss map:

A=RxKxLSxCxP (5)

where A represents annual soil loss (t-ha™'-yr™). This cloud-based workflow en-
sures computational efficiency, reproducibility, and integration of multi-source
geospatial datasets [15] [16].

4. Results
4.1. Rainfall Erosivity (R Factor)

The R factor, expressed in MJ-mm-ha™-h™"-year™, quantifies the climatic erosivity as-
sociated with precipitation. It reflects the rainfall’s capacity to detach and transport
soil particles as a function of its intensity and temporal distribution. Spatial analysis of
the R factor shows values ranging from 950 to 1055 MJ-mm-ha"-h '-year™, with an
average annual rainfall of 1976 mm. An uneven distribution of the R factor is ob-
served across the Gourou watershed. In the northern sector, the R factor is lowest
(around 950 MJ-mm-ha"-h™'.year™"), indicating slightly less intense or less tempo-
rally concentrated rainfall, and thus a relatively lower climatic erosion pressure.
The central and southeastern areas display intermediate values (950 - 1010), cor-
responding to moderate to high erosivity, which can increase erosion susceptibil-
ity if soils are poorly protected. The southwestern and southern sectors record the
highest values (>1010), reflecting high rainfall kinetic energy. These areas are par-
ticularly vulnerable to water erosion, especially where steep slopes or highly erod-

ible soils are present (Figure 4).
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Figure 4. Rainfall erosivity factor (R) in the Gourou Watershed.

4.2. Soil Erodibility (K Factor)

The K factor, representing soil erodibility, ranges from 0.015 to 0.452 across the
Gourou watershed, spanning from low to high erodibility zones. This spatial dis-
tribution highlights marked contrasts in erosion susceptibility, directly linked to
soil texture, structure, organic matter content, and aggregate stability.

Low erodibility areas (0.015 - 0.094), covering 47.37% of the watershed, are
mainly concentrated in the central and northwestern sectors. These soils exhibit a
high proportion of clay and/or organic matter, which enhances cohesion and re-
sistance to detachment by raindrop impact. Such areas play a protective role
against water erosion, even under high rainfall conditions.

Moderate erodibility zones (0.094 - 0.222), accounting for 36.84% of the water-
shed, are found predominantly in the mid-western portion. These soils are gener-
ally loamy-sand in texture, making them more susceptible to detachment while
retaining a certain degree of resistance due to stable soil structure.
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Finally, high erodibility areas (0.222 - 0.452), primarily located in the north-
central, southern, southwestern, and southeastern sectors, correspond to lighter
soils (rich in silt and fine sand), low in organic matter, and with poor structural
stability. Such properties promote rapid particle detachment. These zones, which
represent 15.79% of the watershed, constitute critical hotspots where erosion risk

is particularly high (Figure 5).
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Figure 5. Spatial interpolation of the soil erodibility factor (K) based on field measure-
ments.

4.3. Slope Gradient (LS Factor)

The LS factor values in the Gourou watershed range from 0 to 8.32, with a mean
value of 1.13. Classification of these values into four categories reveals a spatial
variability in erosion risk according to slope gradient and flow length.

e (Class 0 - 0.81: covers 43.36% of the area (1146.99 ha). These are areas charac-
terized by gentle slopes and short flow lengths, exhibiting low susceptibility to
soil erosion.

e Class 0.81 - 1.85: represents 25.90% (684.73 ha), with moderate slopes showing
an increasing erosion risk, particularly under conditions of fragile soils or in-

tense rainfall events.

DOI: 10.4236/ars.2025.143012

197 Advances in Remote Sensing


https://doi.org/10.4236/ars.2025.143012

K. E. Kanga et al.

e Class 1.85 - 3.39: encompasses 14.71% (388.63 ha), where steeper slopes pro-
mote rapid surface runoff, enhancing overland flow and erosion potential.

o Class 3.39 - 8.32: occupies 16.03% of the watershed (424.30 ha). These areas
are the most vulnerable to water-induced erosion due to steep slopes and long
runoff pathways.

This distribution highlights a clear contrast between flat lowland areas, which
are less prone to erosion, and steeply sloped regions, where erosion risk is signif-

icantly elevated (Figure 6).
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Figure 6. Topographic factor (LS) derived from slope gradient and flow accumulation us-
ing DEM data.

4.4. Land Use/Land (C Factor)

The assessment of the cover-management factor (C) highlights the influence of
vegetation cover on erosion susceptibility within the Gourou watershed. Forested
areas, including dense (0.001 - 0.01), and degraded forests (0.01 - 0.5), account for
19.22% of the study area, providing variable but generally low to moderate erosion
protection depending on canopy density. Wetlands and agricultural lands (0.1 -

0.2) represent only 1.10% of the watershed and offer moderate protection against
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soil loss. In contrast, urban areas cover 66.77% of the surface and are associated
with high C-factor values (0.15 - 0.25), promoting surface runoff and soil erosion
due to extensive soil sealing and impervious surfaces. Bare soils, which are highly
susceptible to erosion, constitute 12.91% of the area and exhibit the highest C-
factor values (0.5 - 1.0), significantly contributing to soil loss.

Overall, 20.32% of the watershed exhibits low erodibility (forests, croplands),
66.77% shows moderate to high erodibility (urban areas), and 12.91% is classified
as highly erodible (bare soils). This distribution underscores the dominant role of
land cover, particularly urbanization and bare ground, in increasing the water-

shed’s vulnerability to water erosion (Figure 7).
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Figure 7. Land cover factor (C) derived from land use classification of Landsat imagery.

4.5, Soil Loss Estimation

The application of the RUSLE model, integrating the five factors (R, K, LS, C, P),
enabled the estimation of soil losses across the Gourou watershed. Losses range
from 0 to 1698 t/ha/year, with an alarming mean value of 50.20 t/ha/year—well
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above the tolerable threshold of 10 t/ha/year for urban environments as defined
by the FAO. The total annual soil loss is estimated at 132,286.34 tonnes, highlight-
ing a concerning level of erosion.

Most of the watershed is characterized by low to moderate soil loss values, pre-
dominantly between 0 and 146 t/ha/year (Table 3), covering over 90% of the study
area (Figure 8).

Table 3. Distribution of soil loss in the Gourou watershed.

CLASS Area (km?)Area (ha) Percentage (%) (t?l"ll:;;f:r)
Low loss (<46 t/ha/year) 19.13 1913.04 72.27
Moderate loss (46 - 146 t/ha/year) 5.5 550.17 20.78
High loss (146 - 359 t/ha/year) 1.47 147.13 5.55 50.20
Very high loss (359 - 739 t/ha/year)  0.21 20.83 0.79
Extreme loss (739 - 1698 t/ha/year)  0.16 16.36 0.60
Total 26.48  2647.54 100.00
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Figure 8. Soil loss mapping in the Gourou watershed.

This indicates diffuse but overall controlled erosion across the majority of the
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basin. High and very high erosion zones (A > 359 t/ha/year), covering 6.64% of
the watershed, are concentrated in the southern sector, particularly near the out-
let. Here, the combination of steep slopes, low vegetation cover, and erosion-
prone soils (high K values) results in significant soil losses. A similar trend is ob-
served in the eastern and northeastern sectors, driven by intense urbanization,

surface imperviousness, and poorly managed artificial drainage systems.

5. Discussion

Integrated analysis of water-induced soil erosion in the Gourou watershed, con-
ducted using the Revised Universal Soil Loss Equation (RUSLE) model and re-
mote sensing tools via Google Earth Engine (GEE), reveals a critical situation re-
garding soil degradation, particularly exacerbated by rapid anthropogenic dynam-
ics characteristic of tropical urban environments. This discussion interprets the
results by analyzing the biophysical factors (R, K, LS, C, P) and their spatial inter-
actions, while contextualizing them within the environmental, climatic, and urban
specificities of the watershed.

The spatialization of the R factor, ranging from 950 to 1055 MJ-mm-ha™"h'-an™,
confirms the high kinetic energy of tropical rainfall, consistent with values re-
ported in other coastal urban watersheds in West Africa. For instance, Koné et al.
(2020) estimated R values between 900 and 1100 MJ-mm-ha*h™'.an™! in the Mé
River basin (Cote d’Ivoire), highlighting the similarity of humid tropical rainfall
regimes [26]. This high climatic erosivity underscores the critical importance of
soil protection measures in such environments.

The K factor indicates that 15.79% of the watershed consists of highly erodible
soils (K > 0.222), a proportion comparable to findings by Tapsoba et al. (2019) in
Burkina Faso (14.5% of soils with high erodibility), although in a more semi-arid
context [27]. The key difference lies in the fact that, in the Gourou watershed, high
soil erodibility coincides with elevated rainfall erosivity (R), which significantly
amplifies soil loss. However, the K factor map was interpolated from only 19 soil
sampling points, which represents a potential source of spatial uncertainty; future
studies could refine this estimate through a denser and more representative soil
sampling across the watershed.

The LS factor reveals that 16.03% of the basin lies in steep terrain (LS > 3.39),
aligning with observations by Zougmore et a/. (2018) in Ghana, where urban areas
with steep slopes exhibited soil losses up to three times higher than flat areas due
to concentrated surface runoff [28].

The C factor highlights the decisive role of land cover: forest cover accounts for
only 19.22% of the area, compared to over 50% in rural basins studied by Ouattara
et al. (2017) [29] in central Cote d’Ivoire—partly explaining the significantly
higher mean soil losses observed in this study. Urban areas, covering 66.77% of
the watershed, enhance surface runoff by reducing infiltration, a phenomenon
previously emphasized by Kouadio et a/. (2021) in Abidjan, where surface sealing

increased erosion by nearly 40% over less than two decades [30].
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Soil loss estimation using the RUSLE model yields an alarming average loss of
50.20 t/ha/year, five times the tolerable limit of 10 t/ha/year established by the
FAO [31]. This value exceeds average losses reported in other African urban ba-
sins (e.g., 18.6 t/ha/year in the Mefou basin, Cameroon; 22.5 t/ha/year in Abidjan),
highlighting accelerated soil degradation in the Gourou watershed [32]. The total
annual soil loss of 132,286.34 tonnes represents a significant potential for down-
stream sedimentation, with adverse impacts on river systems, reservoirs, and hy-
draulic infrastructure. While over 90% of the area experiences low to moderate
erosion (0 - 146 t/ha/year), the 6.64% of areas with very high erosion (>359
t/ha/year)—located in the southern part near the outlet—constitute critical ero-

sion hotspots where soil losses are severe and demand immediate mitigation.

6. Conclusions

The study on water-induced soil erosion in the Gourou watershed reveals accel-
erated soil degradation resulting from a critical combination of natural and an-
thropogenic factors. The findings indicate an average soil loss of 50.20 t/ha/year,
five times the tolerable threshold of 10 t/ha/year established by the FAO, with lo-
calized peaks exceeding 1600 t/ha/year. This severe erosion, amounting to an an-
nual total loss of 132,286 tons, is driven by high rainfall erosivity (R-factor: 950 -
1055 MJ-mm-hah™'.year™), inherently erodible soils (K-factor up to 0.452),
steep slopes (LS-factor > 8), and—most critically—uncontrolled urban expansion,
which dominates 66.77% of the area.

The near-disappearance of protective vegetation cover, soil sealing, and the
prevalence of extensive bare soil zones (12.91%) exacerbate runoff and reduce in-
filtration, transforming the watershed into a system highly vulnerable to erosive
processes. The most critical areas, located in the south, southwest, and near the
outlet, highlight the detrimental synergy between topography, fragile soils, and
urban pressure, generating extreme soil losses that threaten infrastructure stabil-
ity, watercourse quality, and long-term soil resource sustainability.

This study demonstrates the effectiveness of the integrated RUSLE-Google
Earth Engine approach for mapping and quantifying soil erosion at a large scale,
offering high reproducibility and low operational cost. It calls for urgent and sus-
tainable watershed management, but more importantly, for concrete and spatially
targeted interventions grounded in the study’s findings.

Indeed, the mapping of critical erosion zones (>359 t/ha/year) identifies prior-
ity areas for ecological restoration. Targeted revegetation of these zones—partic-
ularly through the planting of locally adapted, deep-rooted plant species such as
Andropogon gayanus, Hyparrhenia rufa, and Chromolaena odorata—could sta-
bilize soils, reduce surface runoff, and restore essential ecosystem protective func-
tions. The establishment of grassed strips or windbreak hedges along slopes could
further mitigate raindrop impact and slow down overland water flow.

In urbanized areas, where surface sealing dominates, the implementation of

low-impact development (LID) practices for stormwater management emerges as
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an urgent solution. This includes the construction of permeable pavements, veg-
etated swales (bioswales), rain gardens, and retention basins designed to reduce
both the volume and velocity of runoff. These proven techniques, already success-
fully applied in other tropical urban contexts, could be integrated into urban plan-
ning and informal settlement upgrading projects, particularly in sloping areas.

Furthermore, the absence of soil conservation practices (P = 1) underscores the
need to incorporate erosion control measures into land-use and urban planning
frameworks. This could be achieved through regulatory mechanisms such as re-
stricting land development on steep slopes, prohibiting the exposure of bare soils,
and promoting simple, low-cost techniques like contour plowing and the preser-
vation of vegetated slope buffers.

Finally, local authorities and decision-makers should use this erosion map as a
foundation for developing an integrated watershed management plan. Such a plan
should include regular monitoring via remote sensing, community awareness
campaigns, and incentives for the preservation of green spaces. Vegetated riparian
buffer zones should be established along watercourses to reduce downstream sed-
imentation and protect hydraulic infrastructure.

Without rapid and targeted interventions, the Gourou watershed risks irre-
versible soil degradation, with severe long-term consequences for environmental,
water, and food security. This study provides not only a precise diagnosis but also
an operational roadmap for proactive, evidence-based management—essential for

enhancing the ecological and urban resilience of the watershed.
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