gy Revue Intemationale & Tech Science Press
e de Géomatique

C
ARTICLE ivatig

D0i:10.32604/rig.2025.064032

Spatio-Temporal Evolution of Urban Tree Landscapes and the Determinants of
Their Transformation in Kétou, Benin

Gildas N’tibouti Idakou, Abdel Aziz Osseni, Etienne Romaric Adéwalé Godonou and
Gbodja Houéhanou Frangois Gbesso”

Unité de Recherche Horticole et dAménagement des Espaces Verts, Laboratoire des Sciences Végétales, Horticoles et Forestieres,
Ecole d’Horticulture et d’Aménagement des Espaces Verts, Université Nationale d’Agriculture, Kétou, 229, Benin

*Corresponding Author: Gbodja Houéhanou Frangois Gbesso. Email: fr.gbesso@gmail.com

Received: 02 February 2025; Accepted: 27 April 2025; Published: 23 May 2025

ABSTRACT: Sustainable urban development nowadays requires the consideration of vegetation, particularly green
spaces, for the well-being of the population and the quality oflife. It is with this purpose a study was conducted in the city
of Kétou, Benin, to analyze the spatio-temporal dynamics of the wooded landscape and its influencing factors, with a
view to sustainable urban planning. Using remote sensing and Geographic Information Systems, Landsat TM, ETM, and
OLI/TIRS satellite images were processed using the Maximum Likelihood Algorithm in Environment for Visualizing
Images (ENVI) 5.0 to assess land use changes from 2003 to 2023. A socio-economic survey was also carried out on
a sample of seventy 70 residents to identify the causes of vegetation changes, their economic impacts, and residents’
perceptions. The results reveal six (06) types of land uses which are clear forests, wooded and shrub savannas, mosaics
of culture and fallow, land under palm trees, watercourses and built-up areas. These uses have changed between 2003
and 2023, to the detriment of built-up areas, which saw a significant increase in their area, rising from 384 ha in 2003
to 1462 ha in 2013 and from 1462 to 2056 ha in 2023, an increase of (+1672 ha). This shows that the study area has
been heavily urbanized. This dynamic is influenced by two (02) direct factors, namely: wood exploitation in various
forms (80%) and urbanization (75.7%), and four indirect factors, namely: agriculture (44%), the collection of non-
timber forest products (NTFPs), the commercialization of NTFPs and wood (timber and fuelwood) (12.85%), and crafts
(11.42%). Despite the residents’ awareness of the environmental impact of vegetation destruction, they continue their
actions. This highlights the need for the implementation of new sustainable management strategies, such as reasonable
urbanization policies and agricultural methods adapted to the environment. This information remains a contribution
to science, which policymakers should consider for the sustainable management of urban tree landscapes for the well-
being of residents.
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1 Introduction

Several cities today have developed with a trend where priority is given to housing and infrastructure
due to growing land demand, often at the expense of vegetation [1,2]. This phenomenon is particularly
noticeable in cities of developing countries [3]. It is the result of demographic pressure leading to the
expansion of housing and the widening of arable land to meet the needs of the population [4,5]. This
has led to the destruction of natural vegetation formations in these cities and consequently the loss of
biodiversity [3,6]. Likewise, vegetation is traditionally used in semi-arid West Africa by the population for

food services, pharmacopoeia, firewood, and forage [7,8]. This results in the destruction, or even loss, of the
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natural environment [6,9]. There is also the issue of the little importance given to vegetation by the urban
population [10,11]. However, the preservation of biodiversity remains a pillar of society, the economy, and
sustainable development [6].

Moreover, many scientists and political actors today are particularly interested in these urban green
networks around the world, since beyond the aesthetics and attractiveness they offer to cities, they also
provide ecosystem goods and services (EGS) for the well-being of city dwellers [12,13]. They appear as one
of the nature-based solutions that promote sustainable urban development, adaptation and mitigation of
the effects of climate change [14,15]. Urban trees actively participate in the annual sequestration of 100 g of
particles with a diameter of less than 10 pm, such as ozone (Os), sulfur dioxide (SO,), and carbon (CO,)
[16-18]. This makes the living environment clean and viable for city dwellers and their presence gives cities
a certain attractiveness [6,19].

Furthermore, several studies have also demonstrated a significant reduction in vegetation cover in
African’s cities [20,21]. Similarly, the existence of a high correlation (99%) between the evolution of land
occupations and the population growth, with a destruction of natural vegetation of approximately 40.63%
for an agricultural land exploitation of 34.60% of surface area [3,22,23]. In Benin, for example, in the city of
Kétou, the population increased from 25,102 inhabitants in 2002 to 39,626 inhabitants in 2013, and is expected
to reach 64,592 inhabitants in 2026 and potentially 101,406 inhabitants in 2038 [24]. This population growth
is impacting vegetation, which has decreased from 739 to 562 km?, representing a reduction of 7.97% in just
ten (10) years [24]. This leads to a series of adverse socio-economic and environmental impacts where green
space developments fail to keep pace with the city’s spatial expansion [25]. Demonstrating the inadequacy of
strategic initiatives for land management, urban dwellers, and financial resources for landscaping and proper
city development [26].

Though, Kétou is a town with secondary status taken into account by the government action program
(PAG) with the aim of making it a lever for the tourism sector and which concentrates important infras-
tructures and equipment including the National University of Agriculture (UNA) [24]. Knowing the Kétou
city land uses would allow us to know the current state of land use for the implementation of predictive
initiatives to maintain biodiversity, increase tree canopy cover, and consequently increase ecosystem services
in urban areas, such as in the city of Cotonou [15,27]. Indeed, studying the Kétou city will help to initiate
landscaping strategies and plans adapted to the city for effective plant management taking into account
potential mechanical damage and the ecological requirements of the urban environment [17] with choices of
urban trees guided by criteria of diversity, sustainability, good growth and aesthetic value [17]. It is necessary
to model the city of Kétou in order to assess the effects of these changes on the general state of the landscape
and the vegetation dynamics depending on the urbanization degree [28]. Studies in the same vein have
modeled the dynamics of land use in the wetlands of the Allada commune [29], the transhumance routes in
the Ouémé valley [30], and land use in the Lower Ouémé Valley Biosphere Reserve [5]. However, no study
has focused on other country’s regions, specifically the city of Kétou.

Besides, urban vegetation remains under competitive pressure due to land use for various human
activities [6,31]. These include deforestation, early bushfires, and informal habitat settlements, among
others [7,24]. In this case, it is important to identify the direct or indirect factors influencing the vegetation
of the Kétou city. For sustainable management of degraded land uses, a good understanding of the causes
and a proper representation of their extension are essential [2].

This work aims to characterize the spatio-temporal dynamics of tree vegetation and analyze the factors
influencing the spatio-temporal dynamics of tree vegetation in the city of Kétou for the development of
sustainable management strategies for urban vegetation.
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2 Materials and Methods
2.1 Study Area

The city of Kétou is one of the six (06) districts of the Kétou commune, located in the southeastern part
of Benin, at the extreme north of the Plateau department, between latitudes 7°10" and 7°41'17" North and
longitudes 2°24'24" and 2°47'40" East (Fig. 1). It is the urban area of the commune considered a secondary-
status city, with a tropical climate featuring a bimodal rainfall pattern and an average annual temperature
of around 25°C. The vegetation consists of wooded savanna, fruit, and forest plantations with tropical
ferruginous and ferrallitic soils that are minimally disturbed. The urban population is approximately 57,704
inhabitants in 2023, accounting for 26.14% of the total population of the commune. It is primarily composed
of Yoruba and related ethnic groups (77.7% of the population), Fon and related groups (19.6%), and Fulani
(0.8%). The activities carried out are mainly agriculture (50%), trade (30%), crafts, livestock, and forestry
(20%) [24,32,33].
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Figure 1: Map of study area location

2.2 Data Collection Method
2.2.1 Spatio-Temporal Dynamics Data Collection

For our study, Landsat TM, ETM, and OLI/TIRS satellite images were used, which are freely download-
able from the Google Earth Explorer platform (https://earthexplorer.usgs.gov/) (accessed on 2025 April 26)
on the United States Geological Studies (USGS) site. The images were collected over two time intervals of 10
years: from 2003 to 2013 and from 2013 to 2023, to assess land use in the city of Kétou over time.
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2.2.2 Data Collection on Factors Influencing Dynamics

> Preliminary Surveys and Sampling

As part of the study, a preliminary survey was conducted using a semi-structured questionnaire among
thirty (30) people randomly selected from the city of Kétou. In order to determine the proportion P of city
dwellers with knowledge about urban landscape change. However, 27/30 have knowledge about vegetation
either (P = 90%) and using the normal approximation of the binomial distribution of [34] as follows:

nzulz_% x p(1-p)/d>. 4]

n: is the total number of surveyed individuals; Ul-a/2 ~ 1.96: is the value of the normal random variable
for a given probability; for & = 0.05, U2I-a/2 ~ 4; p: is the proportion of people who are aware of the changes
in the urban landscape; d: is the allowed margin of error, which is 8% in this study. A sample of fifty-seven
(57) people was determined for the survey, including 13 local elected officials, for a total of 70 people, 80.14%
of whom were predominantly Yoruba/Nagot (Table 1).

Table 1: Socio-demographic characteristics of the surveyed urban population in the city of Kétou

Socio-demographic Age Sex Proportion (%) of

Youngs Adults Olds M w surveyed populations

Socio-cultural groups

characteristics

Yoruba/Nagot 9 34 14 47 10 80.14
Fon - 3 - 2 1 4.28
Goun 2 4 1 3 4 10
Adja - 3 - 2 1 4.28
Socio-professionnal groups
Artisans 2 12 3 14 3 24.29
Agriculteurs 2 9 4 15 - 21.43
Forestry traders 1 11 2 4 10 20.00
Teachers - 7 2 8 1 12.86
Foresters 2 3 - 3 2 714
Tradipractitioners 1 1 2 4 - 5.71
Students 3 - - 3 - 4.29
Hunters - 2 1 3 - 4.29
Proportion des 15.7 62.85 2142 7714 22.85 100

enquétés (%)

Note: W = women; M = men; Young (18 < age < 30 years old); Adult (31 < age < 60); Old (age > 60 years).

> Socioeconomic Surveys

The survey was conducted individually using a semi-structured questionnaire among local elected
officials, foresters, therapists, and all target individuals in the city of Kétou (Table 1). The survey was
conducted to gain insight into socioeconomic activities, biodiversity, and the use of wood resources. The
surveys sought to understand demographic characteristics, the population’s main activities, the contribution
of these activities to household income, the state of the vegetation, and the causes of vegetation change. Direct
observations were also made during our field surveys to better understand certain phenomena.
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2.3 Data Processing and Analysis
2.3.1 Analysis of the Spatio-Temporal Dynamics of the Urban Wooded Landscape

To better understand the dynamics of urban flora, the study took into account the land use of the city.
Thus, the methodology adopted was based on supervised classification, which allowed us to instruct the
system by designating areas of the image as representative samples of the classes to be extracted.

Stacking

This is the operation that served to group together in a single multi-band block containing the
information contained in each band of the satellite image. It was a question of putting together bands 1, 2, 3,
4,5,6,7 8,and 9 of the Landsat sensor in order to better facilitate the manipulation of the image during the
operations of colored composition and the classification itself.

Extraction of the study area

This operation consists of loading the Landsat satellite image Stacking into the ENVI 5.3 software and
exporting the image with the chip view to ArcMap tool. The shapefile of the study area is loaded onto the
Landsat image and finally the extraction of the study area was done using the Extract by marsk tool.

Color composition

This is a technique that consists of qualitatively combining three spectral bands of an image. The display
plan here is based on three colors composed of red, green, and blue. But the false color composition was
carried out, and takes into account bands 4, 3, 2.

Contrast enhancement

The contrast enhancement allows for a clear image that will facilitate visual interpretation. The result of
the contrast enhancement using the Optimized Linear 5% algorithm was used.

Visual interpretation

This is the identification and recognition of the details of the elements contained in the satellite image,
with the naked eye, from an interpretation key indicating the correspondence between each object and a
spectral color. The results of this visual interpretation will be used for the classification of the image. In
addition, for increased precision, it was necessary to carry out a recognition of the land use units present in
the study area.

Assisted classification

Assisted (supervised) classification was used taking into account knowledge of the terrain. It consisted
of visually identifying beforehand a certain number of natural or artificial elements or objects that can be
punctual, linear or surface on the image. The said classification under the ENVI 5.0 image processing software
takes place in five essential phases which are:

- the definition of the legend or the information of the ROI (Regions Of Interest),
- the selection of the training plot samples (or Regions),

- the description and information of the different classes,

- the choice of the classification algorithm.

The definition of the legend or ROI, in ENVI 5.0 is done using the ROI tool function of the Region
of interest tool. In addition, the Maximum Likelihood algorithm of the supervised classification tool was
chosen for the classification. The principle of this algorithm is based on Bayes” rule and makes it possible
to calculate for each pixel its probability of belonging to one class rather than another. The pixel is assigned
to the class whose probability of belonging is the highest. However, if this probability does not reach the
expected threshold, the pixel is classified as unknown.
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Post classification operations

The post classification step consists of: three filtering operations applied to the classified image,
validation by the confusion matrix and vectorization. The filtering operations are: Sieve classes (to eliminate
isolated pixels); Clump classes (to homogenize the classes) and Majority/minority/analysis (to smooth the
classes after the clump classes operation). The classification evaluation is based on a two-dimensional table
called the confusion matrix. Thus in ENVI 5.0, the procedure consists of: Classification/Post Classification
Confusion Matrix Using Ground Truth ROIs. Vectorization is the passage from a raster image (where the
information is contained in pixels) to a vector image (the information is contained in point/line/polygon
type entities). It is done in Envi by the classification to vector procedure, followed by Export to shapefile.

Analysis of the structural dynamics of landscape units between 2003 and 2023

The changes observed in the vegetation cover of the city of Kétou between 2003 and 2023 were described
by comparing the areas of each landscape unit over the periods of 2003, 2013 and 2023. The rates of change
of the landscape units are obtained by the formula used by [5]:

_ $2-81
=5

Tg x 100. )
With S1, the area of a landscape unit at time tl; S2, the area of the same landscape unit at time t2, and
Tg the global rate of evolution.

The changes observed in the landscape units were highlighted by the transition matrix, which shows
the forms of conversion that the landscape units underwent between two dates. It consists of x rows and y
columns. The number x of rows in the matrix indicates the number of landscape units present at time tl,
while the number y of columns indicates the number of landscape units converted at time t2. The diagonal
shows the areas of landscape units that remained unchanged over time. In this matrix, the transformations
occur from rows to columns. The different matrices were obtained by crossing the maps from 2003 to 2013;
from 2013 to 2023; and from 2003 to 2023.

2.3.2 Analysis of the Influencing Factors of the Spatio-Temporal Dynamics of Urban Tree Landscapes

The data extracted from KoboCollect were pre-processed before being imported into the R software in
Csv format. Thus, the proportions of surveyed individuals and the main activities conducted in the city of
Kétou were determined. Additionally, the frequencies of the various factors affecting the urban landscape
either directly or indirectly were calculated using the formula:

FRC = Np/Nt x 100. (3)

FRC = relative frequency of citation, Np is the number of people who provided a response regarding a
given factor; and Nt is the total number of people interviewed.

Then, the consensual value at the sociocultural and socioprofessional group level of the residents
surveyed was calculated. This measures the degree of agreement among the respondents regarding the
various answers provided [35,36]. It is expressed by:

Ve =2Ni/Nt-1. (4)

Ve = consensual value; where Ni is the number of people who cited a given factor or species, and Nt is
the total number of interviewees. Theoretically, it ranges between [-1 and 1]. If Ni = 0, then Vc = -1, and if
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Ni =N, then Vc = 1. The degree of consensus among respondents is low if Ve < 0.5, medium if Vc = 0.5, and
high if Ve > 0.5 for different factors or species cited.

3 Results

3.1 Spatio-Temporal Dynamics of Urban Tree Landscapes

The land use mapping of the landscape in the city of Kétou is presented in Fig. 2a—c for the years 2003,
2013, and 2023, respectively. The analysis of these figures shows that there are six (06) land use units in
the city, namely: open forests, wooded and shrub savannas, mosaics of cultivated and fallow land under
palm trees, mosaics of cultivated and fallow land, waterways, and built-up areas. Indeed, according to the
observed changes in the figures, the built-up areas are concentrated in the city center, particularly in the
neighborhoods of Atchoubi, Idjabo, Irradigban, Idéna, and Massafe. It is observed that the area of built-up
areas and the area of mosaics of cultivated and fallow land have increased from 2003 to 2013 and from 2013 to
2023. In contrast, the areas of land use units such as open forests, wooded and shrub savannas, and mosaics
of cultivated and fallow land under palm trees have progressively decreased. Similarly, the reduction in the
area of waterways is observed, likely obstructed by agricultural encroachment and overgrazing. The statistics
from the observations of the land use units are presented in Fig. 3.

The analysis of Fig. 3 shows that from 2003 to 2013 and from 2013 to 2023, the land use units in the
Kétou district have undergone significant changes. A large vegetation cover has almost disappeared over
time. Open forests have significantly decreased, from 0.24% in 2003 to 0.13% in 2013, and then from 0.13%
to 0.07% in 2023 (-0.17%). Similarly, the wooded and shrub savannas have greatly regressed, from 70.05%
in 2003 to 28.73% in 2013, and then from 28.73% to 8.99% in 2023 (-61.06%), and the mosaics of cultivated
and fallow land under palm trees decreased from 23.9% in 2003 to 15.69% in 2013, and then from 15.69%
to 5.13% in 2023 (-18.77%). There is also a reduction in the area of waterways, from 0.18% in 2003 to 0.09%
in 2013, and then from 0.09% to 0.05% in 2023 (-0.13%). In contrast, the mosaics of cultivated and fallow
land increased significantly, from 0.64% in 2003 to 36.16% in 2013, and then from 36.16% to 58.85% in 2023
(+58.21%). The built-up areas also expanded, from 4.99% in 2003 to 19.2% in 2013, and then from 19.2% to
27% in 2023 (+22.01%). The tables present the transition matrices for land use units from 2003 to 2013, from
2013 to 2023, and from 2003 to 2023.

The analysis of Tables 2-4 shows that the mapped area consists of six (06) land use classes: open forests,
wooded and shrub savanna, mosaic of cultivated and fallow land under palm trees, mosaic of cultivated and
fallow land, waterways, and built-up areas. The diagonal cells correspond to units that remained stable from
2003 to 2013 and from 2013 to 2023. It is observed that over the 20 years (2003-2023), the land use units
such as open forests, wooded and shrub savanna, waterways, and mosaic of cultivated and fallow land under
palm trees have experienced a decline, with open forests decreasing from 18 ha in 2003 to 10 ha in 2013 and
to 5 ha in 2023, a decrease of (~13 ha); waterways decreasing from 14 ha in 2003 to 7 ha in 2013 and to 4 ha in
2023, a decrease of (10 ha); wooded and shrub savannas decreasing from 5331 ha in 2003 to 2188 ha in 2013
and to 678 ha in 2023, a decrease of (4653 ha); and mosaic of cultivated and fallow land under palm trees
decreasing from 1820 ha in 2003 to 1195 ha in 2013 and to 391 ha in 2023, a decrease of (—1429 ha). In contrast,
the mosaic of cultivated and fallow land and the built-up areas experienced a significant increase in their
areas, with the mosaic of cultivated and fallow land increasing from 49 ha in 2003 to 2754 ha in 2013 and to
4482 ha in 2023, an increase of (+4433 ha), and built-up areas increasing from 384 ha in 2003 to 1462 ha in
2013 and to 2056 ha in 2023, an increase of (+1672 ha). This indicates that the study area has become heavily
urbanized over time.
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Figure 2:
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Figure 3: Land use units in the Kétou District from 2003 to 2013 and from 2013 to 2023. MCFP: Mosaic of cultivated
and fallow land under palm trees; Mosaic MCF: Cultivated and fallow land; OF: Open forests; W: Waterways; BUA:
Built-up areas; WSS: Wooded and Shrub Savanna

Table 2: Transition matrix of land use units from 2003 to 2023

Classes OF W WSS MCFP MCF BUA Areainha2003
OF 5 0 0 13 0 18
w 0 4 2 1 7 0 14
WSS 0 0 676 0 3111 1544 5331
MCFP 0 0 0 390 1302 128 1820
MCF 0 0 0 0 49 0 49
BUA 0 0 0 0 0 384 384
Areainha2023 5 4 678 391 4482 2056 7616

Note: MCFP: Mosaic of cultivated and fallow land under palm trees; MCF: Mosaic
Cultivated and fallow land; OF: Open forests; W: Waterways; BUA: Built-up areas; WSS:
Wooded and shrub Savanna.

Table 3: Transition matrix of land use units from 2003 to 2013

Classes OF W WSS MCFP MCF BUA Areainha2003

OF 18 0 0 0 0 0 18

w 0 8 4 2 0 0 14
WSS 16 0 3488 1110 196 525 5335
MCFP 2 0 1002 486 330 0 1820

MCF 0 0 0 0 49 0 49
BUA 0 0 76 4 0 300 380
Areainha2013 36 8 4570 1602 575 825 7616

Note: MCFP: Mosaic of cultivated and fallow land under palm trees; MCF: Mosaic
Cultivated and fallow land; OF: Open forests; W: Waterways; BUA: Built-up areas; WSS:
Wooded and shrub Savanna.
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Table 4: Transition matrix of land use units from 2013 to 2023

Classes OF W WSS MCFP MCF BUA Areainha?2013
OF 10 O 0 0 8 0 18
w 0 7 3 1 3 0 14
WSS 0 0 1803 490 1912 1125 5330
MCFP 0 0 341 702 782 0 1825
MCF 0 0 0 0 49 0 49
BUA 0 0 41 2 0 337 380
Areainha2023 10 7 2188 1195 2754 1462 7616

Note: MCFP: Mosaic of cultivated and fallow land under palm trees; MCF: Mosaic
Cultivated and fallow land; OF: Open forests; W: Waterways; BUA: Built-up areas; WSS:
Wooded and shrub Savanna.

3.2 Factors Influencing Spatio-Temporal Dynamics

According to the residents, urban vegetation has completely regressed (57% of respondents), and almost
no trees are left (33% of respondents) in the city of Kétou (Fig. 4). This phenomenon is attributed to several
factors that directly and indirectly influence the vegetation.

® Decreased
# No tree almost

W Constant

Figure 4: Proportion (%) of the urban residents’ opinions on the state of vegetation in the city

3.2.1 Direct Factors Influencing Vegetation

The factors directly affecting vegetation are mainly two (02): wood exploitation in its various forms
(80%) and urbanization (75.7%) (Fig. 5). Wood exploitation in the city of Kétou occurs in three (03) forms,
ranked by importance: timber (67.14%), firewood (58.57%), and charcoal (41.43%) (Table 5). On the other
hand, urbanization occurs in two (02) forms: the construction of buildings (70%) and the installation of
infrastructure (40%) in the city (Table 5).

Urbanization

Lumber exploitation

Influence factors

0 20 40 60 80 100
Proportion (%)

Figure 5: Proportion (%) of the factors threatening vegetation in the city
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Table 5: Factors and under-elements affecting directly the urban vegetation

Direct influence factors Under-elements

Number of respondents

Timber 47

Timber exploitation Firewood 41
Carbonized wood (charcoal) 29

Urbanization La construction (buildings) 49
Infrastructure 28

However, according to the cultural groups surveyed, the Yoruba/Nagot, the dominant indigenous people
of the city, agree on the construction of buildings (Vc = 0.4), timber (Vc = 0.36), and firewood (Vc = 0.36).
Similarly, the Goun and Adja groups strongly agree on the construction of buildings (Vc = 1) and timber

(Vc =1) (Table 6).

Table 6: Consensual value (Vc) of surveyed populations according to socio-cultural and socio-professionnal groups

Socio- Construction
demographic (buildings)
characteristics

Timber Firewood Charcoal Infrastructure

Socio-cultural groups

Yoruba/Nagot 0.4 0.36 0.36 -0.08 -0.23
Goun 1 0.14 -0.71 -0.43 -0.71
Fon 0.33 0.33 -0.33 -1 -1
Adja -0.33 1 -0.33 0.33 -1
Socio-professionnal groups
Artisans 0.41 0.29 0.29 -0.29 -0.06
Agriculteurs 0.2 0.2 0.2 -0.06 -0.33
Forestry traders 0.57 0.57 0.14 -0.57 -0.14
Teachers 0.33 0.33 =011 0.33 -0.33
Foresters -0.2 0.2 0.2 0.2 -0.2
Tradipractitioners 0 0.5 0 0 0
Students 1 1 0.5 0.5 0
Hunters 0.33 0.33 -0.33 -0.33 -1

Furthermore, according to the socio-professional groups in the city, artisans and farmers also agree on
the construction of buildings (Vc = 0.41; 0.2), timber (Vc = 0.29; 0.2), and firewood (Vc = 0.29; 0.2). Similarly,
merchants of NTFPs and students strongly agree on the construction of buildings (Vc = 0.57; 1), timber
(Vc = 0.57; 1), and firewood (Vc = 0.14; 0.5). Regarding charcoal (carbonized timber), only the Adja group
(Ve = 0.33) agrees, as well as the socio-cultural groups and students (Vc = 0.5), teachers (Vc = 0.33), and
foresters (Vc = 0.2) among the professional groups. However, no group agrees on the issue of infrastructure

(Table 6).
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3.2.2 Indirect Factors Influencing Vegetation

The factors that indirectly influence vegetation are four (04) in number and are anthropogenic activities
carried out by the urban population (Fig. 6). According to the population, these include primarily agriculture
(44%), which leads to the destruction of vegetation for crop installation, followed by the collection of non-
timber forest products (NTFPs) (12.85%) for various uses by the population, the commercialization of NTFPs
and wood (timber and firewood) (12.85%), which continuously drives actors to harvest NTFPs and cut down
trees for firewood and/or timber to meet the growing demand (Fig. 6). Similarly, crafts (11.42%), which
use wood for various services, are also an indirect factor threatening urban vegetation. According to urban
residents, these activities contribute on average 25% to 50% of household expenses, with an average monthly
income of 85,000 CFA/month.

M Agriculture
NTFPs collection
M Tradind (Lumber and

NTFPs)
ElCrafts

Figure 6: Proportion (%) of activities threatening vegetation in Kétou city

4 Discussion
4.1 Spatio-Temporal Dynamics of Urban Tree Landscapes

The result of the supervised classification of satellite images from 2000 to 2023, shows six (06) land use
units namely open forests, wooded and shrub savannah, mosaic of cultivation and fallow land under palm
trees, mosaic of cultivation and fallow land, watercourse and agglomerations. This number of land use units
is lower than the number (07 land use units) obtained by [37] in the city of Kinshasa in Congo and remains
higher than the number (04 land use units) obtained by [38] in the city of Douala in Cameroon. However,
these land use units in the city of Kétou such as: open forests from 0.24% to 0.07% (—017%), wooded and
shrub savannah from 70.05% to 8.99% (—61.06%), mosaic of crops and fallow land under palm trees from
23.9% t0 5.13% (—18.77%), watercourses from 0.18% to 0.05% (—0.13%) have experienced a sharp decline while
mosaics of crops and fallow land from 0.64% to 58.85% (+58.21%) and agglomerations from 4.99% to 27%
(+22.01%) have experienced a sharp increase. In this case, the city is subject to demographic pressure leading
to the destruction of spontaneous vegetation in favor of habitats. But also the extension of arable land to meet
the needs of residents. This leads to the destruction of urban vegetation. These results are similar to the results
obtained by [39] in the cities of Niamey and Maradi in Niger, who found that over time urban vegetation
is destroyed in favor of buildings. Similarly, these results corroborate those of [2] in the city of Yagoua
in Cameroon, who found degraded vegetation giving way to bare land. This observation was also noted
by [3] in Mali in the cotton-growing region, where significant changes have occurred in natural vegetation,
transforming it into fields/fallow land and plantations. It is essential to implement integrated management
measures and agricultural practices that conserve local biodiversity. Over 23 years (2000-2023), land use
units such as open forests, wooded and shrub savannas, and mosaics of cultivated and fallow land under palm
trees have decreased from 18 to 5 ha (—13 ha) for open forests, from 5331 to 678 ha (-4653 ha) for wooded and
shrub savannas, from 1820 to 391 ha (-1429 ha) for mosaics of cultivated and fallow land under palm trees,
and from 14 to 4 ha in 2023 (-10 ha) for waterways. Conversely, mosaics of cultivated and fallow land and
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built-up areas have seen a significant increase in their areas, from 49 to 4482 ha (+4433 ha) and from 384 to
2056 ha (+1672 ha), respectively. This implies that the study area has become heavily urbanized leading to a
constant reduction in vegetation. For instance, the intensification of agriculture mainly cassava monoculture
to the detriment of fallow land and palm trees, asphalt roads which have modified the habitats of natural
vegetation, a massive influx of population which has led to the artificialization of soils for habitats. These
changes have not only been due to human activities but also to urbanization and the effects of climate change,
thus creating serious ecological problems, including air and soil pollution [40]. These results corroborate
those of [3], who found that these changes are partly due to climate change and partly due to human practices,
such as bushfires and the use of wood for energy. It is crucial for a local policy on the landscaping of urban
vegetation in the city of Kétou to be established to safeguard local biodiversity. The same is true for [21],
who found a continuous regression of urban vegetation cover. These changes must be controlled through
reasonable urbanization policies and landscaping proportional to the pace of urbanization, with a reasonable
urbanization policy and development proportional to the urbanization rate [39]. For example, the city’s parks,
gardens, sidewalks, streets, public squares, roundabouts must be developed for some and redeveloped for
others, with local emblematic or cultural species that are adapted, attractive and have a high potential for
carbon sequestration. In addition, Kétou city ground is almost flat with a low slope, which are criteria for good
conditions for the installation of green spaces as reported by [26]. Furthermore, recommendations should
favor agricultural methods adapted to the environment in the city of Kétou, contributing to the mitigation
of climate change effects, as highlighted by [2]. For this, it is necessary to prohibit the cutting of wood, limit
as much as possible the use of highly toxic phytosanitary products, and encourage the association of crops
(agroecology).

4.2 Factors Influencing Spatio-Temporal Dynamics

The urban vegetation of Kétou has experienced a remarkable decline, according to the residents. This
phenomenon was also observed by [7] in Niamey, Niger, and by [8] in Kinshasa, Congo. This regression
of tree cover is a concern for the residents and is primarily due to two (02) direct factors and four (04)
indirect factors. These include wood exploitation in the city in the form of timber, firewood, and charcoal
(charred wood). On the other hand, urbanization manifests itself through the construction of buildings
and the installation of infrastructure in the city. These two factors directly threaten urban tree vegetation.
These results align with those of [8], who found that green spaces in Kinshasa are destroyed to meet the
demand for energy wood and make way for construction. Likewise, [7] found that tree species in Niamey
are cut down for commercial purposes (timber) and for firewood. Indeed, in this study, it is the rapid
population growth that increasingly drives residents in Kétou to demand more housing, furniture (timber),
energy (charcoal, firewood), and infrastructure, leading to the destruction of trees to achieve these needs.
According to the FAO, 10 m* of space is needed per inhabitant [41]. A policy must be established ruling
and enforcing this FAO recommendation, on the construction of social housing in urban areas with a
proportional proportion of surface area allocated to green space. Political decision-makers must prohibit the
cutting of trees without authorization and make plantations for exploitation purposes. Moreover, the indirect
factors affecting vegetation are anthropogenic activities such as agriculture, which leads to the destruction of
vegetation for crop installation. The collection of non-timber forest products (NTFPs) for various uses by the
population, the commercialization of NTFPs and wood (timber and firewood), which continuously drives
actors to harvest NTFPs and cut down trees for firewood and/or timber to meet growing demand. Similarly,
crafts require timber for sculpture, carpentry, masonry, etc. This is confirmed by [42], who found that certain
species are being destroyed due to anthropogenic activities. These factors and activities not only cause a
regression in vegetation but also the loss of phytodiversity, as noted by [27]. Similarly, climate upheavals
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at the local and international levels with seasonal shifts and, consequently, pockets of aridity and low crop
yields over time. Despite the residents’ awareness of the environmental dangers caused by the destruction
of these trees, they persist in their actions, as reported by [8]. This is because these activities generate an
average income of 85,000 CFA/month and contribute 25%-50% to household expenses. Though, the scarcity
of public green spaces shows a lack of prioritization by policymakers [26]. This calls for the implementation of
new sustainable management strategies for urban vegetation in Kétou, as recommended by [27] in Cotonou.
These strategies must consist of the proposal of landscaping plans and their implementation of the city with
local species highlighting the cultural and religious identity of the environment. Participatory management
includes political decision-makers, populations, and planners. This will help preserve not only biodiversity
but also the African plant heritage.

5 Conclusion

This study on the city of Kétou has shown that the land is occupied by open forests, wooded and shrub
savannas, cultivated and fallow land under palm trees, cultivated and fallow land, and built-up areas. The
urban vegetation landscape has experienced a dynamic and expansion of certain land uses from 2020 to 2023.
The agglomerations and cultivation/fallow land took place to the detriment of wooded savannahs, increasing
respectively from 4.99% to 27% (+22.01%) and from 0.64% to 58.85% (+58.21%). This shows that the study
area has been highly urbanized. However, this dynamic is influenced by two (02) direct factors and four (04)
indirect factors. Indeed, it is the galloping population growth, which increasingly leads residents to a greater
need for housing, furniture (timber), energy (coal, firewood), infrastructure etc., and by extension to the
destruction of trees to achieve this.

Despite the residents noticing the regression of vegetation and understanding the environmental impact
of vegetation destruction, they continue their activities. This is a lack of prioritization on the part of political
decision-makers calling for the implementation of new strategies for the sustainable management of urban
vegetation in the city. Such as the establishment of a law establishing and enforcing the FAO recommendation
that 10 m? of green space/inhabitant on the construction of social housing in urban areas with a proportional
proportion of area allocated to green space. Proposals for landscaping plans and their implementation of
the city with local species highlighting the cultural and religious identity of the environment. Participatory
management involving policy makers, local communities, and planners, and a ban on tree cutting, limiting
the use of highly toxic plant protection products as much as possible, and encouraging crop associations
(agroecology).

These results contribute to the science of sustainable management of urban forests for the well-being of
city residents and a contribution to the mitigation of climatic effects.
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