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Deﬁ)restation climate variability decline in dense vegetation, replaced by agricultural land, human
microclimate, Temperature, Rainfall, settlements, and degraded surfaces. This dynamic is primarily driven by
Boss¢ématié¢ Nature Reserve. the intensification of anthropogenicactivities in and around the reserve.

However, climate evolution, particularly through the analysis of
temperature and precipitation time series, indicates a trend shift. A
progressive rise in temperatures has been observed since 1986,
alongwith an increase in annualrainfall totals after 2008. These changes
coincidewithdisturbances in vegetation cover, suggesting a probable
link between deforestation, alteration of the local microclimate, and
redistribution of rainfallregimes. These findingsunderscore the need for
improved land management practices around protected areas to
mitigate adverse effects on ecosystems and local climate. It is therefore
essential to integrate climate considerations into spatial planning
policies and to strengthenbiodiversity conservation efforts within the
Bossématié Nature Reserve.

"© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed
with credit to the author.”

€0 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Introduction:-

The relationship between land use and,climate constitutes one of the major challenges of contemporaryenvironmenta
| research. Indeed, land-use changes directly influence local, regional, and global climates (IPCC, 2019). Human
activities have profoundlyaltered the Earth’s surface, producing multiple effects on climatic regimes. According to
Foley et al. (2005), more than 40% of the terrestrial surface is currently exploited for agricultural or urbanpurposes,
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therebyaltering the planet’senergy and water balances. Deforestation, urbanization, agricultural intensification, and
land artificializationmodifyheat fluxes, greenhouse gas emissions, and biogeochemical cycles (Turner et al., 2007).
Moreover, the reduction of forested areas contributes to the loss of carbonsinks, therebyamplifying the greenhouse
effect (Bonan, 2008). According to Pielke et al. (2002), the effects of land-use and land-cover changes can be
comparable to those of increased atmospheric CO- concentrations in certain regional contexts.Conversely, climate
itself influences land use patterns. Changes in rainfallregimes and temperature affect agricultural potential and urban
dynamics (Lambin &Geist, 2006). Thus, climate evolution requires adjustments in land management,
particularlyconcerning agricultural adaptation (Verburg et al., 2011). As emphasized by Li et al. (2017), the
feedbacks between climate and land use call for a systemic and forward-looking approach to ensure sustainable
spatial planning. According to FAO (2020), sustainable land use management can playa key role in mitigating
climate change. Consequently, integrating climate considerations into land-use planning has become an imperative
for sustainabledevelopmentpolicies (UNEP, 2016).At the local scale, as Bonan (2008) points out, forest loss can lead
to regional warming and reducedrainfall. In the Ivoriancontext, N’Dri et al. (2018) show that forest reserves are
under increasing pressure, which weakens their function as carbonsinks. Therefore, this study adopts an integrated
geographical and climatic approach to explore the effects of spatial land-use evolution on the microclimate of the
Bossématié Nature Reserve (BNR).

Materials and Methods :-

Location of the Bossématié Nature Reserve (BNR) :

Located in the Abengourou region, in the southeastern part of Cote d’Ivoire, the Bossématié Nature Reserve (BNR)
and its surroundingareasthe focus of this studylie between longitudes 03°38'00” and 03°27'00"” West and latitudes
06°20'30” and 06°31'30" North (Figure 1). The Department of Abengourou is part of the Moyen-Comoé
administrative region, of which it serves as the regional capital. It covers an area of 5,043 km?, representing
approximately 75% of the regional territory and 2% of the national territory. The department is bounded to the north
by the Departments of Agnibilékro and Daoukro, to the south by Alépé and Aboisso, to the east by the Republic of
Ghana, and to the west by Bongouanou and Adzopé (Figure 1). The sub-equatorial climate of the region is
characterized by four distinct seasons: the major rainy season (mid-March to mid-July), the short dry season (mid-
July to August), the minor rainy season (September to mid-November), and the long dry season (mid-November to
mid-March) (ANADER, 2020). The hydrographic network is dominated by the Comoé River, alongwith its main
tributaries, the Béki and Manzanrivers (Figure 1). The economicactivities of the Department are primarily based on
the primarysector, with agriculture representing more than 90% of the total local economy. The main cash and
foodcropsinclude coffee, cocoa, rubber (Hevea), and marketgardenproducts, which serve as the key drivers of the
Department’seconomy. The agricultural population is composed of autochthonous groups, internal migrants, and
allochthonoussettlers (ANADER, 2020).

Satellite and cartographic data :

The Landsat satellite image bands (B1, B2, B3, and B4) were used to map land use/land cover (LULC) dynamics.
Table 1 providesdetails of the different images. These images are freelyavailable and can bedownloadedfrom the
USGS website (https://earthexplorer.usgs.gov/). For the purpose of a diachronic study of LULC dynamics and
considering the availability of satellite images, images from 1990, 2000, 2010, and 2020 were selected.
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Figure 1: Location of the Bossématié Nature Reserve (BNR)

Table 1: List of Landsat satellite images used for diachronic analysis

Image Type Date

Landsat 5 TM 31 December 1990
Landsat 5 TM 03 January 2000
Landsat 7 ETM+ 04 February 2010
Landsat 8 OLI 04 ebruary 2020

Climatic Data :

For this study, only monthly and annual precipitation and temperature data from the Abengourou station (latitude
6.7167, longitude -3.4833) were used. Satellite-derived data were preferred over ground-based observations. This
choice is justified by the fact that the temperature measurements for this station are recorded at the Dimbokro
synoptic station, an area considered the hottest in Cote d’Ivoire. Using these temperature data togetherwith
precipitation data from Abengourou wouldintroducebias into the analysis. Therefore, the POWER Data Access
product (POWER | Data Access Viewer (nasa.gov)) was selected, as it provides all relevant climatic variables for a
single location and is widelyrecognized for its reliability. The POWER Data Access database includesgeospatial
parameters related to meteorology and solarenergy. Solar data in POWER are derived from satellite observations,
from which surface insolation values are calculated. Meteorological parameters are based on the MERRA-2
assimilation model, and uncertaintyestimates are derived fromcomparisonswithground-based measurements.

Land use/land cover characterizationtechnique:

In this study, the mapping of land use/land cover (LULC) units was performed using the Semi-Automatic
Classification Plugin (SCP) for QGIS,developed and maintained by Congedo (2021). This comprehensivetoolallows
both supervised and unsupervised classification of satellite images, as well as their download, pre-processing, and
post-processing. The method used to map LULC unitsconsisted of three main steps: pre-processing, processing, and
post-processing. Landsat images from 1990, 2000, 2010, and 2020, obtained from the USGS (United States
Geological Survey) website, were used to detect land-use changes in the BossématiéClassified Forest. The
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supervised classification was based on the selection of five LULC classes: water, built-up areas, vegetation, crops,
and bare soil (Table 2).

Table 2: Description of Land Use/Land Cover classes

Class Description

Water Rivers, lakes, reservoirs

Built-up Urban areas, rural settlements, dams

Vegetation Plant formations dominated by scatteredtrees and grasses

Crops Food crops, sparselyvegetated cover, fallow land, degraded forest
Bare Soil Areas with no vegetation cover

Accuracyassessment of thematicmaps :

It is important to note that the quality of thematicmaps derived fromremotesensing data can beevaluated and
expressedquantitatively. A classification error therefore represents a discrepancy between the thematicmap and the
actualground situation (as determined through fieldsurveys). Conventional methods for assessing the
thematicaccuracy of a mapinclude the error matrix and the Kappa coefficient (N’Da et al., 2008). The Kappa
coefficient measures the agreement between the classifiedresults and groundtruth within the confusion matrix. It
rangesfrom O to 1 and is divided into five categories, where values closer to 1 indicate an almostperfect agreement
(Caloz et al., 1993). The Kappa coefficient is calculated using the followingformula:

N Zig xii —Ximg igxi-)

k= NZ-F1_; (xi4%i-) )

Where:

e ris the number of rows in the confusion matrix,

e  Xx;is the number of observations in row i and column i (diagonal),
e X, is the total number of observations in row i,

e X, is the total number of observations in column i,

e N is the total number of observations in the matrix.

Characterization of climate variability :

Pettitt’s change-point Test :

The non-parametricPettitt test is used to detect changes in the central tendency of a time series (Pettitt, 1979). The
nullhypothesis (Ho) assumes no change, while the alternative hypothesis (Hi) assumes achange. This test was
applied to the annual precipitation series from the Abengourou station (1981-2022) to identifyany significant shifts
in the mean over time. In this method, the test is implemented as described by Verstraeten et al. (2006), where the
ranksry,..., r, of the observations Xj, ..., Xn are used to compute the test statistic:

k
Uk:ZZ n—km+1)  k=1,..,n @)
i=1

The test statistic is defined as the maximum of the absolute values of the vector:
U = max|U,|
The probable change point K is located whereUreaches its maximum. The approximate probability for a two-sided
test is calculated using Equation 3:
p= Zexp—GKZ/(T3+TZ)(3)
The Pettitt test was implemented using the Trend package (Pohlert, 2015) from the CRAN repository in R.

Ombrothermiccurve :

An ombrothermicdiagram is a specific type of climatic chart that represents the monthly variations of temperature
and precipitation over a year using standardizedscales: one graduation on the precipitation scale corresponds to two
graduations on the temperature scale (P = 2T) (Charre, 2007). This diagram highlights dry periods (shown in
yellow), which are defined by the precipitation curve (hererepresented as a bluehistogram) fallingbelow the
temperature curve (hererepresented as a red line).
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Results:-

Diachronic Analysis of Land Use/Land Cover in and around the RNB :-

The land use/land cover (LULC) maps for 1990, 2000, 2010, and 2020, derived from the interpretation of Landsat
images, allowed the characterization of vegetation cover changes and anthropogenicactivities in and around the
Bossématié Natural Reserve (RNB). For this study, six LULC classes were defined: dense vegetation, degraded
vegetation, water bodies, lowlands, agricultural areas, and settlementswithbare soil. The overallaccuracyrangedfrom
71% to 80%, and the Kappa coefficient rangedfrom 0.66 to 0.74 across all four LULC maps, reflecting the reliability
of the classification. Figures 2 and 3 illustrate the evolution of vegetation cover and the expansion of
anthropogenicactivitiesfrom 1990 to 2020 in and around the RNB. In 1990, the area was dominated by dense
vegetation. Agricultural areas were sparse, mostly located in the northeast and north-central peripheries. The
classified forest was predominantlycovered by dense vegetation, withdegraded vegetation appearingonly in certain
locations within the study area. Settlements and bare soil were almost absent, except for small patches representing
village sites.

By 2000, there was an increase in agricultural lands and a significant degradation of vegetation cover throughout the
zone, leading to continued soil exposure. Within the RNB, dense vegetation remained dominant, but the
peripheriesbegan to experienceencroachmentfromanthropogenicactivities. In 2010 and 2020, the area experienced a
significant expansion of agricultural lands and settlements, spreadingfrom the southeast and central parts toward the
north, accompanied by degraded forest covering nearly the entire site. The vegetation cover in this zone is at risk,
and the watercoursesremainpotentially vulnerable due to ongoing agricultural activities.Thediagramsbelow (Figure
3) show the spatial evolution (in terms of percentage) of land use/land cover classes. Dense forest, which covered
925.85 km? (70.49%) in 1990, graduallydecreased to 398.85 km? (20.59%) in 2020. A proliferation of settlements
and agricultural areas has been observed over these years. Settlements, which occupied 1.87 km? (0.14%) in 1990,
increased to 27.46 km? (2.07%) in 2020, while agricultural lands expandedfrom 58.1 km? (4.42%) in 1990 to
372.012 km? (28.16%) in 2020. The variation in the area occupied by water bodies was not significant between 1990
and 2020.

Variability of climatic parameters at the Abengourou rainfallstation:

Annual variability :

Based on the Pettitt test, a break in stationarity of the annualmean temperature and annualrainfall series is observed
at a significancelevel of o = 0.05. This break occurs in 1986 for the temperature time series, while for the rainfall
series it occurs in 2008 (Table 3). These breaks indicate a temperature increase after 1986 and a rainfall increase
after 2008 (Figures 4 and 5). Boxplotsclearly show that annualmeantemperatures were around 25.5 °C between 1981
and 1986, increasing by approximately 1 °C over the period 1987-2022 (Figure 4). Annualrainfall, with an increase
of about 200 mm, also risesafter the break, with a median value of 1600 mm (Figure 5).
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Figure 2:Decadal evolution (1990, 2000, 2010, and 2020) of Land Use/Landin and around the RNB
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Figure 3: Percentage distribution of Land Use/Land Cover classes in the RNB in 1990, 2000, 2010, and 2026

Table 3:Pettitt test for breaks in annualmean temperature and annualrainfall series

Parameter Pettitt Test at a = 0.05

uU* p-value Break year
Annual Temperature 151 0.3294 1986
Annual Rainfall 180 0.1542 2008
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Monthly variability :

The sub-equatorial type of climate in the RNB environment, characterised by four (4) seasons (two dry seasons and
two rainy seasons), is better reflected in the distribution of monthly rainfall totals than in that of temperatures
(Figures 6 and 7). With regard to temperature, the months fromNovember to May are the warm months over the
study period, withtemperatures ranging between 27 °C and 31 °C. The hottest months are January, February, and
March, with average temperatures around 30+ 1 °C (Figure 6).
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Figure 6:Interannual variability of monthly meantemperatures at the Abengourou station

An alternation of two wet seasons is observed in Figure 7. The larger, more marked wet season, with average
monthly rainfallheights ranging from 200 mm to 400 mm, extends from April to July. Following the rainfall
disruption of 2008, characterized by an increase in annual totals, there is a shortening of this season by one month. It
nowspansfrom April to June. The shorter wet season begins in September and ends in October, withrainfalldepths
between 100 mm and 200 mm.Consequently, the months comprising the wet season have decreased. Nevertheless,
the annualrainfall totals have increased. This wouldbeexplained by a redistribution of rainfallfrom July to other
months that becamewetterafter 2008. Indeed, this pattern is observed for the months of May and June. The dry short
season runs from July to August, while the long dry season extends fromNovember to March. The monthly rainfall
totals during the dry season are lessthan 50 mm.
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Figure 7:Interannual variability of monthly rainfall totals at Abengourou station
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Variability of the climatic seasons at Abengourou station :

The years chosen to establish the land-cover maps are the same as those used for the rainfall-temperature curves
(with the exception of the 1981 curve). The aim is to assess the link between vegetation and climate. In 1990, the
periphery and even the core of the Reserved Natural Biodiversity (RNB) stillretained vegetation integrity. The area
is dominated by very dense vegetation. Climatically, only two seasons were distinguishable. The dry season was
shorter, lasting three months (November, December, and January). In contrast, the wetter season was longer,
spanningnine months from February to October, though February could beconsidered part of the dry season given its
lowrainfall. Additionally, July and August could beregarded as part of a small dry season since their monthly totals
are among the lowest, exceptFebruary;however, based on the interpretation of the rainfall-temperature curve, these
months are regarded as wetin 1990.By 2000, there is an observed expansion of agricultural land and
substantialdegradation of vegetation cover across the study area. There is strongeranthropogenic pressure from the
periphery of the RNB. The analysis of the 2000 curveindicates that August and December are at the margin of the
wetcategory. Four seasons are observed:a large dry season from December to March (with February
beingunusuallywet), a first wet season from April to June, a shorter second dry season (July and August), and finally
a second dry season from September to November.

In 2010 and 2020, there is strong expansion of agricultural land and habitats, with widespread degraded forest across
nearly the entire area (including the RNB). However, the rainfall-temperature curves for 2010 and 2020 show a long
wet season (March to November). Only December, January, and February remain dry. This pronounced, multi-
monthwetcharacter (which was originally a dry period) in a context of substantial vegetation loss could beexplained
by a rebound in rainfall. Indeed, after the 2008 disruption, there was an increase in annual totals. Concurrently, the
wet months experienced a reduction in their monthly totals. From 1990, these totals ranged between 100 mm and
300 mm.From 2000 to 2010, monthly totals rangedfrom 75 mm to 2000 mm. The direct consequence is a rise in the
dry-month totals that resemblewet months. A similar dynamic is observed in 2020, notwithstanding the
advanceddegradation of the vegetation cover both within and outside the RNB. An increase in rainfall during the
wet months, fluctuating between 100 mm and 300 mm, is observed.
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Figure 8: Rainfall-temperature curve at Abengourou station for the years 1990, 2000, 2010, and 2020

Discussion:-

The diachronic analysis of land cover in and around the Bossématié National Reserve (RNB) between 1990 and
2020 highlights a spatio-temporal dynamic marked by a progressive regression of dense vegetation in favour of
anthropogenicactivities, primarily agriculture. This trend confirms observations fromnumerousearlier studies that
link land cover changes to increased pressure on forest ecosystems (FAO, 2016; IPCC, 2021). Between 1990 and
2000, the substantial expansion of agricultural areas observed at the expense of natural vegetation formations
suggests an intensification of naturalresource exploitation linked to demographicgrowth and the expansion of
cultivable land. The conversion of forestedspaces into agricultural or residential zones inevitably leads to
biomassloss, therebyreducingcarbonsequestrationcapacity (Achard et al., 2014). This loss of vegetation also impacts
the local microclimate, reducing air humidity and increasing surface temperatures (Lambin &Geist, 2006). Data
show that by 2000, the periphery of the RNB alreadyexhibited notable degradation, reflecting a weakening of the
reserve’secologicalfunctions. This trend continued to 2020, withheightened human activities in the
immediatevicinity of the reserve. This phenomenon, identified as the edgeeffect, intensifies habitat fragmentation
and exposes central areas to ecological changes (Hansen et al., 2013). The climatic impact of these changes is
twofold: first, the reduction of dense vegetation decreases albedo, favouringheat accumulation at the surface (Bonan,
2008); second, it disruptshydrological fluxes by alteringevapotranspiration cycles, which maymodify local rainfall
(De Noblet-Ducoudré et al., 2012). The recurrence of these perturbations over time can contribute to a trend of
localised climate warming in the region.

The reliability of the classifications (Kappa between 0.66 and 0.74) strengthens the validity of the results.
Nevertheless, uncertaintiespersist, notably related to Landsat image resolution and potentialmisclassification
between degraded vegetation and bare soil. Future research wouldbenefitfromintegrating local climatic data
(temperatures, rainfall) and field observations to refine links between land-cover dynamics and observed climatic
variations. In 2010 and 2020, the deforestation trend intensified within and around the RNB. The retreat of dense
forest cover in favour of agricultural land and habitats indicates an acceleration of anthropogenic dynamics
alreadybegun in previousdecades. This landscape transformation is particularly pronounced in the south-east and
centre-north of the site, wherethere is a growing concentration of human activities. The decline in dense forest area,
from 925.85 km? (70.49%) in 1990 to 398.85 km? (20.59%) in 2020, is alarming. This nearly 57% retreat over thirty
years signalsongoing pressure on forest resources. In parallel, agricultural area was multiplied by more than six,
from 58.1 km? (4.42%) to 372.012 km? (28.16%). This massive expansion of cultivated land is symptomatic of
intensified agricultural practices, often extensive and unsustainable.

Human habitats also grew significantly, from 1.87 km? (0.14%) to 27.46 km? (2.07%) between 1990 and 2020. This
progressive urbanisation, thoughrelativelymodest in proportion, acts as a catalyst for habitat fragmentation,
reducingecologicalcontinuity of the RNB. The apparent stability of watercourses should not mask their increasing
vulnerability to soil erosion, siltation, and agricultural pollution. The reduction of vegetation, which
normallyprotectssoils, worsensrunoff and jeopardises water resources, particularly during periods of heavyrainfall.
These transformations markedly impact the local climate, chiefly through reducedevapotranspiration, increased
surface temperatures, and alteredrainfallregimes. The works of Foley et al. (2005) and DeFries et al. (2010) have
demonstrated that such land-use transitions influence climatic processes at the regional scale.The analysis of climate
time series using Pettitt’s non-parametric test revealed significant breaks at the o = 0.05 threshold in trends of
annualmeantemperatures and annualrainfall totals. These breaks indicate a notable change in the local climate
regime. The stationarity break observed in 1986 in the meanannual temperature series marks the onset of a
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warmerperiod. Indeed, temperatures, which fluctuated around 25.5 °C before 1986, show an increase of about 1 °C
in the post-1986 period (1987-2022). This rise, though apparent at the local scale, alignswith the global warming
trend, as supported by IPCC (2021) and Nicholson (2014) in West Africa. Regardingrainfall, the break detectedin
2008 indicates a shift in the rainfallregime. The series shows an increase in precipitation, with an uptick of around
200 mm relative to the precedingperiod and a median heightreaching 1600 mm after the break. This gradual return
to higher rainfalllevels could be related to natural variability (Atlantic multidecadal oscillation) or to changes in
atmospheric circulation regimes. Box—and—whisker plots (Figures 4 and 5) clearlyillustrate these breaks: dispersion
of values is greater after the breaks, indicatingincreased climate variability post-1986 for temperature and post-2008
for rainfall. These climatic changes can have a direct impact on ecosystems and land use, particularly in forest
transition zones such as the RNB. Temperature increases could intensifyevapotranspiration and weaken vegetation
cover, whileincreasedrainfall, if poorly distributed, could exacerbateerosion or favour more extensive cropping,
further aggravatingdeforestation.

The synchronized analysis of land-cover maps and rainfall-temperature curveshelps to better delineate the potential
influence of climate on vegetation dynamics, but also the growing impact of human activities. In 1990, dense
vegetation predominated in both the core and the periphery of the Bossématié National Reserve (RNB). This
situation is consistent with the relatively humid climatic conditions of that year. Indeed, the wet season extended for
nearly nine months, with July and August onlymildlydeficient, yetstillclassified as wet according to the rainfall—
temperature curves. Such moisture favours plant growth and the maintenance of forest ecosystems. However, by
2000, substantialdegradation of vegetation is observed, with a significant increase in agricultural lands and greater
anthropogenic pressure at the periphery of the reserve. This degradation is reinforced by the emergence of four
climatic seasons, indicating fragmentation of the rainfallregime. A longer dry season and a doublewet season,
interspersedwith dry periods (July—August), are observed, which could affect naturalregeneration of vegetation.
Takentogether, these factors indicate that while climate clearlyplays a role in structuringecosystems, the most
marked changes between 1990 and 2000 appear more linked to agricultural expansion and resource exploitation,
signs of increasing anthropogenic pressure.

Thus, the reducedhumidity combined withunsustainable practices exacerbates the vulnerability of the classified
forest. The 2010s and 2020s mark a critical stage in the land-cover dynamics around and within the RNB. The
mapsreveal a strong regression of vegetation cover, now dominated by degraded forest, agricultural land, and
habitation zones, signs of advanced anthropisation of the area. Paradoxically, climate conditions, according to the
rainfall-temperature curves, show an extension of the wet season from March to November, comparedwithonlynine
months in 1990. This phenomenon is consistent withPettitt test results, which indicate a significant increase in
rainfall totals after 2008. However, this relative improvement in climate does not translate into vegetation recovery.
On the contrary, vegetation loss intensifies despite the increase in annualrainfall, underscoring the predominance of
anthropogenicfactors over landscape dynamics. Indeed, increases in rainfall during historically dry months
(December to February) do not compensate for rising agricultural pressure, deforestation, and urban expansion. In
otherwords, the ecologicalresilience of the RNB appearssurpassed by human transformations, even in a climate
appearing more favourable. This disconnect between climatic conditions and the state of the vegetation cover
reflects an imbalancewhereanthropogenic effects nowoutweighnaturalregulations,compromising the ecologicalsustai
nability of the reserve.

Conclusion:-

The study on the impact of land use on the climate, with the Bossémati¢ National Reserve (RNB) as its setting, has
highlighted the close interactions between spatial dynamics of the terrestrial cover and climatic variables. The
diachronic analysis of land use over the period 1990-2020 reveals a marked regression of dense vegetation in favour
of agricultural lands, habitats, and degraded surfaces. This dynamic results primarily from the intensification of
anthropogenicactivities around and within the reserve. Concurrently, climatic evolution, notably through time series
of temperature and rainfall, shows a shift in trend. A progressive rise in temperatures is observed from 1986,
togetherwith an increase in annualrainfall totals after 2008. These changes coincidewith perturbations to the
vegetation cover, suggesting a probable link between deforestation, modification of the local microclimate, and the
redistribution of rainfallregimes. These findingsunderscore the need for improved land-use management around
protected zones to limit adverse effects on ecosystems and on local climate. It is therefore crucial to integrate

climate considerations into land-use planning policies and to strengthenbiodiversity conservation actions within the
RNB.
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