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Abstract

In the Bongouanou sub-prefecture, the Rapid population growth and intensified human activities have significantly accelerated
agricultural expansion, placing substantial pressure on local land resources. This alteration in land cover, underscores an ongoing
agro-environmental dynamic propelled by human activities. The current study aims to assess the effects of these practices on land
use dynamics within the Bongouanou Department. To accomplish this, a supervised classification technique was employed on
satellite imagery captured at three distinct time points: 1989, 2002, and 2018. The analysis of land use and land cover (LULC)
indicates a notable 12.83% reduction in natural ecosystems, including water bodies, savannahs, and forested regions, juxtaposed
with a 3.08% increase in anthropogenic land cover types such as cropland, fallow land, bare soil, and urbanized areas. The
ecological integrity of forested areas has been substantially compromised due to population growth and anthropogenic pressures.
These results offer important guidance for land management and support informed decision-making for monitoring and
sustainably managing groundwater resources.
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1. Introduction

The connection between aquifer hydrodynamics and the
evolution of land use is increasingly capturing attention on
both national and international fronts [1]. As defined by the
study of Gonda [2], land use encompasses all natural features
(vegetation, crops, and water bodies) alongside human-made
infrastructures present on the Earth's surface. Land use is
shaped by a combination of natural processes and anthropo-
genic activities. This dynamic is generally attributed to the

combined effects of climate variability, demographic growth,
and evolving socio-economic practices [3-5]. Vegetation
cover and human activities significantly influence a region’s
hydrogeological behavior by affecting infiltration processes,
regulating evapotranspiration, and modifying the hydrogeo-
logical balance. Changes in land use directly impact local
water resources, altering both the quantity (recharge) and the
quality of groundwater.
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Like many developing countries, Cote d’Ivoire’s economy

remains heavily reliant on the agricultural and forestry sectors.

When coupled with rapid population growth, this has led to
declined in forest cover and significant shifts in land use
patterns [6]. These modifications raise major developmental
concerns, particularly regarding water resource availability,
food security, public health, land degradation, ecosystem
stability, and aquifer recharge [7].

In Céte d’Ivoire, and more specifically in the Bongouanou
Department, land use changes have a measurable influence on
both groundwater recharge and water quality [8]. Aquifers
located beneath areas subject to anthropogenic pressures such
as agriculture, livestock farming or waste disposal are partic-
ularly vulnerable to contamination [9]. Understanding how
land use transitions affect aquifer recharge is therefore es-
sential for effective natural resource management, particularly
in the context of sustainable water resource governance in
Bongouanou.

This study employs satellite remote sensing and Geo-
graphic Information Systems (GIS) to analyze land use dy-
namics. Remote sensing offers multi-temporal datasets that
are essential for mapping and monitoring land use changes,
while GIS serves as a platform for organizing, analyzing, and
visualizing spatial data. The aim of this research is to assess
land use evolution through spatial analysis techniques, with a
particular focus on the implications for groundwater re-
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2. Material and Methods

2.1. Study Area

Located in the eastern part of Cote d'Ivoire, the Department
of Bongouanou constitutes one of the administrative divisions
of the Moronou Region. Geographically, it lies between lon-
gitudes 3°44'W and 4°47'W and latitudes 6°09'N and 6°59'N,
encompassing a total surface area of approximately 6,670 km?.
The department shares its borders with Daoukro to the north,
Bocanda to the northwest, M’Batto to the southwest, Akoupé
to the southeast, and Arrah to the east.

Administratively, the Department of Bongouanou is sub-
divided into four sub-prefectures: Bongouanou, Andé,
N’Guessankro, and Assié-Koumassi. According to data from
the 2014 General Population and Housing Census [10], the
department had an estimated population of 159,928 inhabit-
ants. This population is predominantly rural and engaged in
agriculture, which plays a significant role in shaping the land
use patterns and exerting pressure on the region's natural
resources [11].
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Figure 1. Geographical location of the Bongouanou department.
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2.2. Geological and Hydrogeological Context

The Department of Bongouanou is situated on the ancient
Precambrian basement complex. It is predominantly underlain
by Paleoproterozoic formations composed of metasiltites,
metaarenites, and granitic intrusions, along with their weath-
ering products most notably lateritic crusts [12]. Along the
N’Zi and Comoé river valleys, small Quaternary alluvial
formations composed of leached sands are observed [13].
Bauxitic duricrusts are also present on elevated terrains, with
altitudes reaching up to 600 meters, while the rest of the re-
gion is characterized by relatively flat topography, with an
average elevation of approximately 120 meters [14] et [15].
The geology also includes volcano-sedimentary schists and

granitic bodies. Schists typically exhibit deeper weathering
profiles comprising unconsolidated alterites than granites,
with alteration depths sometimes exceeding 100 meters [16].

From a hydrogeological perspective, shales (or schists),
which cover more than 80% of the territory, are generally
more productive aquifer materials than granites [16]. Bore-
holes situated on valley flanks and floors tend to yield higher
discharge rates compared to those located on plateau areas.
Studies have shown that the most permeable and productive
zone corresponds to the upper 30 meters of the fractured
bedrock horizon, located immediately beneath the layer of
unconsolidated alterites. Beyond this depth, permeability
tends to decrease significantly.
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Figure 2. Geological map of the Bongouanou department.

2.3. Study Data

To conduct this study, two main types of data were used:
satellite imagery and field data. The satellite images, which
were used to generate various thematic maps, were down-
loaded from https://earthexplorer.usgs.gov. These images are
from the Landsat 8 satellite, equipped with the OLI sensor,
and were selected for their coverage of scene 196/055 during
the dry season. The imagery was used specifically to produce
both the fracture map of the study area and the 2018 land use
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map. Selection was based on image availability and temporal
consistency.

2.4. Study Material

The following software tools were used for image pro-
cessing and cartographic representation:
1) ENVI 5.1 (Environment for Visualizing Images). Used
for preprocessing and classification of satellite images.
2) ArcGIS 10.5: Used for map production and spatial
analysis.
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2.5. Methods

1) Image Preprocessing

Image preprocessing, often referred to as image restoration
and rectification, aims to correct radiometric and geometric
distortions inherent to specific sensors or platforms.

In this study, preprocessing was performed using ENVI 5.1.

Geometric correction was unnecessary because the images
were already orthorectified to the UTM WGS 84 Zone 30N
coordinate system. Thus, only radiometric and atmospheric
corrections were applied to the Landsat imagery. In order to
ensure consistency between the maps, a reclassifica-
tion/normalization was carried out to guarantee semantic and
statistical consistency.

2) Image Composition

To facilitate the visual interpretation of land use features,
specific band combinations were selected for each year's
image:

a) 1989 (TM): Bands 4 (NIR), 5 (SWIR 1), and 7 (SWIR 2)

b) 2002 (ETM+): Bands 4, 5, and 7

¢) 2018 (OLI): Bande 5 (NIR), 6 (SWIR 1) and 7 (SWIR 2)

RGB composites were generated from these bands and used
as the basis for land use classification.

3) Land Use Classification

Land use maps were produced through supervised classi-
fication using the Maximum Likelihood algorithm. This
method classifies each pixel based on its statistical similarity
to predefined training areas (Regions of Interest, or ROIs).
This method was chosen because it allows a rigorous inter-
pretation of the results: each pixel is assigned to the class for
which the probability of belonging is the highest and can work
with few training samples, as long as these are well distributed
and representative. In this step, validation data for the land use
classification assessment are created from field observation
data. The validation data and classified data constitute the
confusion matrix, which allows the statistical performance of
the developed classes to be evaluated. Classification accuracy
was evaluated using a confusion matrix and the Kappa coef-
ficient as standard validation tools. The kappa coefficient,
estimated greater than 50%.

To ensure classification reliability, the results were com-

pared against ground truth data obtained through field surveys.

The confusion matrix generated from this comparaison al-
lowed for a quantitative evaluation of classification perfor-
mance. To improve the reliability of the final classification, a
3x3 median filter was applied to remove isolated pixel noise.

4) Vectorization and Map Production

The final classified raster images were vectorized to con-
vert them into polygon shapefiles, enabling further analysis
and map production in ArcGis 10.5. Land use maps were then
generated for the years 1989, 2002, and 2018.
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5) Land Use Change Analysis

Changes in land use over the study period were analyzed
through post-classification comparison. This involved com-
paring the classified maps from different years to identify and
quantify changes between the periods:

a) 1989-2002

b) 2002-2018

c) 1989-2018

Additionally, changes within individual land use classes
were examined in isolation. The annual rate of spatial change
(Tc), a commonly used indicator in land cover change studies,
was calculated using the following formula:

@)-1

Where Tc is the rate of change (%), S1 and S2 are the land
cover areas at times and t the number of years between the two
dates.

Positive change rate values indicate an increase in land
cover area, while negative values denote a decrease. Values
close to zero suggest that the land use class remained rela-
tively stable during the time interval considered.

X 100

Te

3. Results

3.1. Classification Accuracy Assessment

The accuracy of the different land use classifications was
evaluated using confusion matrices, presented in Tables 1, 2,
and 3, and by calculating the overall classification accuracy
and the Kappa coefficient (Table 4). Confusion matrices dis-
play the percentage of correctly classified pixels along the
diagonal, while misclassified pixels are shown off-diagonal.

Overall classification accuracy for all land use classes ex-
ceeded 70%, indicating satisfactory reliability. For the 1989
image, the Degraded Forest Type 1 class showed the lowest
accuracy, with a value of 62.12%. In contrast, the Bare
Soil/Settlement, Savannah, Water Bodies, Crop and Fallow
Land, and Degraded Forest Type 2 classes were generally
well classified.

However, some degree of confusion was observed among
certain classes. For instance, in the 1989 classification, the
most significant confusion (24.98%) occurred between De-
graded Forest Type 1 and Degraded Forest Type 2. This
confusion is primarily due to the similar spectral behavior of
the two classes, as they exhibit comparable reflectance char-
acteristics, which can lead to overlap in their radiometric
signatures (Table 1).
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Table 1. Confusion matrix for the 1989 land use classification.

Validation Data
Crops and Type 1 degraded Type 2 degraded Water. Savannah B?fl‘e .
land forest forest retention soil/habitat
Crops and land 97.5 2.12 1.59 0 0 8.17
Type I degraded 62.12 5.33 0.74 0 0
forest
Type2 degraded 40 24.98 93.08 0.44 0 0
forest
Classified g or retention 0.27 10.37 0 97.64 0 0.43
Data
Savannah 0 0 0 0,59 100 0
Bare soil/habitat 0.45 0.41 0 0.59 0 91.41
Total 100 100 100 100 100 100

The confusion matrix and the class-specific accuracies for  range from 79.59% to 98.54%, indicating a high level of
the 2018 land cover classification are presented in Table 3.  precision overall.
Analysis of the table shows that individual class accuracies

Table 2. Confusion matrix for the 2002 land use classification.

Validation data
Crops and Type 1 degraded Type 2 degraded Water' Savannah Bafre '
land forest forest retention soil/habitat
Crops and land 92.1 3.84 3.39 0.41 0.1 3.71
Type Idegraded -, 55 78.2 21.53 0.2 0.1 0.09
forest
Type 2 degraded 4o 24.98 75.08 0 0 0
forest
Classified g or retention 0.21 0.69 0 98.78 0.1 0.47
Data
Savannah 0,14 0 0 0.2 99.71 0.05
Bare soil/habitat 5.85 0.07 0 0.41 0 95.68
Total 100 100 100 100 100 100

The highest confusion in the 2018 classification (17.04%) 2018, which reflect strong classification performance across
occurred between the classes "Crops and Fallows Type 1" and  all years. The corresponding Kappa coefficients are also high,
"Crops and Fallows Type 2", likely due to their similar spec- with values of 0.89 (1989), 0.85 (2002), and 0.88 (2018),
tral characteristics. indicating a very good agreement between the classified data

As summarized in Table 4, the overall classification accu- and the reference data.
racies are 91.48% for 1989, 88.82% for 2002, and 90.56% for
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Table 3. Confusion matrix for 2018 land use classification.

Validation data
Crops and Crops and Type 1 de- Type 2 de- Water Savannah Bare
land type 1 land type 2 graded forest graded forest retention soil/habitat
Type I Crops 44 59 481 0.17 0.2 0.82 0.17 2.66
and land
Type2 Crops ;o 83.54 1.16 4.49 0 0 0
and land
Type 1 de- 0.17 0 89.15 3.59 0 0.84 0.03
graded forest
Type 2 de-
oraded forest 1.7 11.65 9.44 91.72 0 0 0
Classified Water reten- 0 0 0 0 9.1 0 0
Data tion
Savannah 0 0 0 0 1.03 98.54 0.05
Bare 1.5 0 0.08 0 2.05 0.45 97.31
soil/habitat ’ ’ ' ’ '
Total 100 100 100 100 100 100

Table 4. Overall accuracy of land use maps.

Soil occupation Total accuracy

1989 91.4803

2002 88.823

2018 90.5579
3.2. Land Use Mapping

The qualitative analysis of land use dynamics is based on
the presentation of maps from the years 1989, 2002, and 2018
(Figures 3, 5, and 7). These maps clearly illustrate the spati-
otemporal changes that occurred during the 29-year period. A
notable trend observed is the progressive decline of forested
areas, progressively replaced by agricultural land and fallow
fields. These changes are also analyzed quantitatively, with
land use categories expressed in square kilometers (km?).

3.2.1. Land Use in 1989

Figure 3 shows the spatial distribution of land use in the
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Kappa coefficient

0.8891
0.8563
0.881

Bongouanou Department in 1989. Forests accounted for 55.84%
of the territory, covering approximately 855.92 km?. These
included two types of degraded forests: type 1 (28.80%) and
type 2 (26.04%), which were primarily located in the south-
eastern and northwestern regions. Agricultural land including
both cultivated fields and fallows represented 39.81% of the
total area, mainly concentrated in the southwestern part of the
department. The savannah, found in the far western area,
covered 2.97% of the territory. Water bodies, mostly located
in the central region, occupied just 0.20% of the area. Bare
soil and built-up areas made up 2.18% of the land surface and
were scattered throughout the region.
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Figure 4. Distribution of land use in Bongouanou department.
. ment. Degraded forest type 1 accounted for 14.07% and was
3.2.2. Land Use in 2002

Figure 5 shows the land use map for the year 2002. The
landscape was predominantly characterized by degraded
forest type 2 (33.09%) and areas of cultivation and fallow
(48.47%), which were spread across all parts of the depart-
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mainly concentrated in the northeastern region. Savannah
covered 1.22% of the area, primarily in the west. Water res-
ervoirs, though only 0.42%, were more common in the central
part of the department. Lastly, bare soil and built-up areas
made up 2.72% of the total territory.
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. of the territory, although smaller patches were scattered
3.2.3. Land Use in 2018

Figure 7 illustrates the land use distribution in the
Bongouanou department for the year 2018. Agricultural and
fallow lands, classified as Type 1 and Type 2, accounted for
70.23% of the area and were widespread across the entire
department. Degraded forests (Type 2) represented 21.25% of
the land and were primarily concentrated in the southern part
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throughout the region. Bare soil and residential areas covered
approximately 3% of the surface and were distributed across
the department. Savannah and water bodies occupied 1.64%
and 0.08% of the area, respectively, with savannahs located
mainly in the west and water reservoirs concentrated in the
central part of the region.
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between the land use classes identified on the map and the
actual geographical features observed in the Google Earth

The validation of the 2018 land use map was conducted imagery.
using a satellite image from Google Earth. This image al-
lowed for a visual comparison, confirming the consistency

3.3. Validation of the 2018 Land Use Map

263


http://www.sciencepg.com/journal/ajep

American Journal of Environmental Protection

http://www.sciencepg.com/journal/ajep

0w l‘N:FVl orw

TOUN
TN

Legend

oUN
YeN

.

SaveN
00N

g Savanna

I0UN

00~

0 § 10Km
| mm

Sl nu Mades

P o Town
_ ¥~ Department

(] study Area

Soil Occupation
Crops and land
Type 1 degraded forest

=] Type 2 degraded forest

=i water retention

naoU b
B0 gcua”ffBowgman:)u

’
7>
on o

$Bokassi

‘Assaoufoué

Figure 9. Validation of the 2018 land use map.

3.4. Evolution of Land Use Between 1989 and
2002

Land cover analysis over the period from 1989 to 2002
reveals two distinct trends. First, there is a marked decline in
the extent of degraded forest type 1 and savannah areas, which
decreased from 449.48 km? to 218.79 km? and from 46.37 km?
to 19.04 km?, respectively.

Conversely, several land cover categories experienced an
increase in area. Specifically, bare soils and built-up areas

expanded from 33.97 km? to 42.31 km?, water retention sur-
faces from 3.14 km? to 6.52 km?, degraded forest type 2 from
406.44 km?® to 514.39 km?, and croplands and fallow areas
from 621.29 km? to 753.56 km?.

As shown in Table 5, the annual rates of decline were es-
timated at 5.39% for degraded forest type 1 and 6.62% for
savannahs. In contrast, the annual rates of increase were 1.70%
for bare soils/built-up areas, 5.78% for water retention zones,
1.83% for degraded forest type 2, and 1.50% for agricultural
and fallow lands.

Table 5. Land use from 1989 to 2002.

Area
class OCS 1989

(Km?) (%)
Crops and land 621.29 39.81
type 1 degraded forest 449.48 28.8
type 2 degraded forest 406.44 26.04
water retention 3.14 0.2
savannah 46.37 2.97
bare soil/habitat 33.97 2.18

264

Rate of change

0CS 2018 2002-2018
(Km?) (%) (%)
753.56 48.47 1.5

218.79 14.07 -5.39
514.39 33.09 1.83

6.52 0.42 5.78

19.04 1.22 -6.62
4231 2.72 1.7
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3.5. Land Use Dynamics Between 2002 and 2018

Table 6 illustrates significant changes in land use patterns
between 2002 and 2018. The most notable expansion is ob-
served in the cropland and fallow category, which increased

substantially from 753.56 km? in 2002 to 1095.18 km? in 2018.

This is followed by a modest increase in savannah areas, from
19.04 km? to 25.57 km?, and a slight expansion of bare soil
and built-up areas, from 42.31 km? to 46.84 km?. In contrast,
considerable reductions were recorded in the extent of de-
graded forest types 1 and 2, as well as in water retention areas.

Specifically, degraded forest type 1 declined from 218.79 km?
to 59.15 km?, degraded forest type 2 from 514.39 km? to
331.42 km?, and water retention areas from 6.52 km? to 1.17
km?. The annual rates of change during this period reflect
these trends: cropland and fallow areas expanded at an aver-
age annual rate of 2.36%, savannahs at 1.86%, and bare
soils/built-up areas at 0.64%. Meanwhile, degraded forest
type 1 exhibited a sharp annual decline of 7.85%, followed by
degraded forest type 2 at 2.72%, and water retention surfaces
at 10.18%

Table 6. Land use from 2002 to 2018.

Area
class OCS 1989

(Km?) (%)
Crops and land 753.56 48.47
type 1 degraded forest 218.79 14.07
type 2 degraded forest 514.39 33.09
water retention 6.52 0.42
savannah 19.04 1.22
bare soil/habitat 4231 2.72

3.6. Evolution of Land Use from 1989 to 2018

Table 7 demonstrates a significant decline in the surface
areas of degraded forests (classified as type 1 and type 2),
savannah, and water reservoirs over the period from 1989 to
2018. Specifically, the combined area of degraded forests
decreased from 855.92 km? (comprising 449.58 km? of type 1

Rate of change

0CS 2018 2002-2018
(Km?) (%) (%)
1095.18 70.23 2.36

59.15 3.79 -7.85
331.42 21.25 271

1.17 0.08 -10.18
25.57 1.64 1.86

46.84 3 0.64

and 406.44 km? of type 2) to 390.57 km?. Similarly, the area
covered by savannah was reduced from 46.37 km? to 25.57
km?, and water reservoirs contracted from 3.14 km? to 1.17
km?. Conversely, there was an expansion in the spatial extent
of bare soil/habitats and agricultural land, with respective
increases from 33.97 km? to 46.84 km? and from 621.29 km?
to 1095.18 km?.

Table 7. Land use from 1989 to 2018.

Area
class OCS 1989

(Km?) (%)
Crops and land 621.29 39.81
type 1 degraded forest 449.48 28.8
type 2 degraded forest 406.44 26.04
water retention 3.14 0.2

265

Rate of change

OCS 2018 2002-2018
(Km?) (%0) (%)
1095.18 70.23 1.97

59.15 3.79 -6.75
331.42 21.25 0.7

1.17 0.08 -3.35
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Area
class OCS 1989

(Km?) (%)
savannah 46.37 2.97
bare soil/habitat 33.97 2.18

According to Table 7, between 1989 and 2018, natural land
cover types including degraded forests (types 1 and 2), sa-
vannah, and water reservoirs underwent a marked reduction in
surface area, concomitant with an expansion of anthropogenic
land uses such as croplands, fallow fields, and bare
soils/habitats. Specifically, the total area occupied by natural
formations decreased from 905.47 km? to 417.31 km?, rep-
resenting a decline of approximately 53.9%. In contrast, an-
thropogenic formations expanded from 655.06 km? to

Surface area in km?

Rate of change

0CS 2018 2002-2018
(Km?) (%) (%)

25.57 1.64 -2.03
46.84 3 111

1142.02 km?, corresponding to an increase of 74.4% (Figure
10).

This trend indicates a pronounced regression of forests,
savannahs, and water bodies throughout the department,
alongside a significant growth in agricultural and fallow lands.
The observed land use dynamics reflect a transition from
predominantly natural ecosystems toward human-modified
landscapes, primarily driven by increased anthropogenic
pressure.

m OCS 1889
B OCS 2002

OCS 2018

0 i
Type 2
degraded
forest

Type 1
Crops and land degraded

forest

Water
retention

I —=mERE

Bare
soil/habitat

Savannah

land use classes

Figure 10. Area of land use classes.

4. Discussion

4.1. Land Use Dynamics

The overall accuracy values (91.48%, 88.82%, and 90.56%)
alongside the corresponding Kappa coefficients (0.88, 0.85,
and 0.88) obtained for the years 1989, 2002, and 2018, re-
spectively, confirm the robustness and reliability of the gen-
erated land use classification maps. Although some misclas-
sifications were observed, the classification results remain
within acceptable thresholds, as a classification is generally
deemed satisfactory when overall accuracy exceeds 85% and
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the Kappa coefficient surpasses 0.80 [17]. These results align
well with those reported in previous studies, such as [18] in
Yamoussoukro, who recorded overall accuracies of 96.20%,
95.03%, and 86.57%, and [19] in the Upper Bandama wa-
tershed (Northern Ivory Coast), who reported accuracies of
86.51% and 86.57%.

The analysis of these satellite images reveals a clear trend
in land use changes characterized by an increase in bare soils,
settlements, agricultural lands, and fallow areas, occurring at
the expense of forested regions, savannahs, and water bodies.
This trend aligns with findings by [18], who attributed the
increase in bare soils mainly to deforestation, bushfires, and
anthropogenic pressures. Similar observations were made by
[20] in the Bongouanou department, where human activities
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have led to significant degradation of natural ecosystems.
These findings are particularly novel as no prior research has
specifically addressed land use dynamics in the Bongouanou
area.

However, if this algorithm presents satisfactory results, it
presents shortcomings linked to certain errors. The study area
being in a forest zone, atmospheric and topographic condi-
tions such as clouds, shadows, mist alter the real reflectance
and can create erroneous spectral signatures. The quality of
the classification is also confirmed by the values of the Kappa
index which are greater than 50%. We can conclude that the
results of this analysis are statistically acceptable, because
according to [21], the results of an image analysis whose
Kappa value is greater than 50% are good and usable.

4.2. Demographic Pressure and Agricultural
Expansion

The population of the Bongouanou department is predom-
inantly rural, comprising indigenous communities as well as
migrants from various regions within Cote d’Ivoire and
neighboring countries. The availability and accessibility of
arable land have significantly contributed to demographic
influx and subsequent anthropogenic pressure on land re-
sources [22]. Access to land is generally facilitated through
purchase or informal arrangements with indigenous land-
holders, allowing migrants to engage in agricultural activities.
This active rural population exerts considerable pressure on
land availability, often at the expense of traditional cof-
fee-cocoa plantations.

Boutillier documented that agricultural exploitation in
Bongouanou included approximately 5.3 hectares of planta-
tions, with 2.1 hectares allocated to coffee and 3.2 hectares to
cocoa [23]. The author noted a fluctuating but generally in-
creasing trend in plantation expansion, with new plantations
quadrupling over a 20-year period. More recently, Adou
highlighted how shifts in market prices for coffee and cocoa
have influenced local agricultural practices, driving farmers to
cultivate alternative crops requiring larger land parcels [24].
Consequently, the search for arable land has intensified,
promoting the conversion of forested areas into agricultural
land. Kouakou et al. also emphasized that anthropogenic
activities, compounded by socio-political conflicts, signifi-
cantly alter landscape dynamics in the region [25].

5. Conclusion

The spatial landscape of the Bongouanou department is
undergoing significant transformation. Utilizing field data,
remote sensing, and GIS methodologies, this study has elu-
cidated the dynamic and rapidly evolving nature of land use
within the region. The ecological integrity of forested areas
has been substantially compromised due to population growth
and anthropogenic pressures. Cartographic analyses indicate a
regression of natural vegetation cover by 12.83%, contrasted
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with a 3.08% expansion of anthropogenic land uses. This loss
of natural habitats has predominantly benefited agricultural
land expansion, which continues to encroach upon forested
zones. The degradation of forest ecosystems is expected to
adversely affect local climatic patterns, particularly by re-
ducing rainfall intensity and frequency, thereby prolonging
dry seasons and diminishing the recharge rates of regional
aquifers.

Abbreviations

ENVI Environment for Visualizing Images
UTM Universal Transverse Mercator
WGS World Geodetic System

™ Thematic Mapper

ETM Enhanced Thematic Mapper

ROI Region of Interest

NIR Near-Infrared

SWIR Shortwave Infrared

OLI Operational Land Imager
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