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ABSTRACT: Understanding climatic variability's effects on land and biodiversity is vital for guiding sustainability, conservation,
and climate impact predictions in fragile ecosystems like Cote d’Ivoire's forest-savanna transition zone. This study aims to analyse
the impact of climate variability on the spatio-temporal dynamics of land use in the Lamto Scientific Reserve. To do this, a set of
monthly climate data covering the period from 1990 to 2022 was used, including indicators such as rainfall, maximum, minimum
and average temperatures, drought and standardised rainfall indices. The study also involved the classification of Landsat images
dating from 1990, 2002, 2012 and 2022, enabling changes in land use to be observed. The corresponding areas were correlated with
the climatic variables using a Spearman correlation test. The results show a transition from savannah to denser tree cover in the
reserve. In addition, an increase in rainfall, varying between 900 and 1687 mm, suggests that Lamto could be classified as a humid
region. The analysis highlights the complex interactions between climate change, particularly high temperatures, and land-use
dynamics. Gallery and semi-deciduous forests show resilience in the face of rising temperatures, favouring their expansion. On the
other hand, pre-forest formations, such as open forests and wooded savannahs, are more affected by these temperatures, which
hinders their development. Tree savannahs also show a certain resilience, while shrub savannahs and bare land are often associated
with ecological degradation processes in response to high temperatures. Finally, although rainfall plays a role, its influence seems
minor, suggesting that other environmental or climatic factors, such as watercourses or microclimate, play a more significant role
in land use/land cover dynamics.

KEYWORDS: Climate change, Spatio-temporal dynamics, Land Use/Land Cover, Forest-savanna transition zone, Lamto
Scientific Reserve, Cote d'lvoire.

l. INTRODUCTION

Climate change refers to variations in the properties of the Earth's climate, both over the long term and over shorter time scales,
resulting from natural or anthropogenic factors (Benarfa, 2021). These changes can be the result of a variety of factors, including
natural processes, but since the mid-20th century, climate change has been mainly attributed to human activities, including the burning
of fossil fuels, deforestation and intensive agriculture, which lead to increased greenhouse gas concentrations in the atmosphere.
According to Biagné, (2019), climate change is reflected in a noticeable increase in the intensity and frequency of extreme
temperatures, including heat waves and heavy rainfall, as well as agricultural and ecological droughts in some regions, all in all by
climate variability. Indeed, climate variability refers to the natural fluctuations in the climate on different time scales, ranging from a
few days to decades or centuries. As per the IPCC, (2023), it includes variations in climate parameters such as temperature,
precipitation and winds, which can be influenced by natural factors (such as solar and volcanic cycles) and anthropogenic factors
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(such as greenhouse gas emissions). It is distinct from climate change, which refers to long-term changes in climate averages and is
primarily caused by human activity (IPCC, 2021).
On a global scale, climate variability, manifested by variations in temperature, precipitation and extreme weather events, has
significant impacts on ecosystems. Thus, this global phenomenon of climate change and its components spare virtually no component
of life on Earth (Smith et Hitz, 2003; Almer et al., 2017; Baez et al., 2022; Fadrique et al., 2018; Béez et al., 2021; Fadrique et
al., 2018). Regarding IPCC, (2022), the rate of increase in surface temperature has generally been faster in Africa than the global
average. These changes have direct impacts on the biodiversity, vegetation structure and carbon sequestration potential of intertropical
ecosystems, as demonstrated by studies conducted in various regions of the continent (UNCBD et UNEP, 2007; TEEB, 2014;
Avakoudjo et al., 2022; Aka et al.,2023; Konate et al., 2023). The consequences are manifested through desertification, changes in
rainfall patterns and impacts on water resources (Koffi et al. 2023; Niasse et al., 2004; Chen et al., 2022; Yang et al., 2022;
Ndehedehe, 2022).
Like the whole world and tropical Africa in particular, Cote d'lvoire is not spared from the current climatic upheavals (Brou et al.,
2005). Indeed, depending on Diawara et al., (2014), The past three decades, have been marked by changes in temperature, changes
in rainfall patterns and periods of drought, and an increase in evapotranspiration.
For the GCRI (2021), the Global Climate Risk Index indicates a level of exposure and vulnerability to extreme weather events, which
countries need to understand. In this context, various studies have been carried out in Africa and Cote d'lvoire. They were interested
in the impact of climate variability on land Sultan and Baetani, (2016); Jenkins et al., (2002); Diba et al., (2018), on ecosystems
in Africa (Matsumoto et al., 2015; Asseh et al., 2019; Heubles et al., 2013; Belle et al., 2016; Diomande, 2024), about Biodiversity
and ecosystem services Achieng et al., (2016), and on the assessment of climate variability in the forest-savannah transition zone
(Ehounou et al., 2019; Kouassi et al., 2018). Taking different studies, the present study was initiated to evaluate the impact of climate
variability on the spatio-temporal dynamics of the Lamto Scientific Reserve. In fact, the Lamto Reserve, by its location in a forest-
savannah transition zone, presents a complex dynamic and a fragile balance between tropical rainforests and dry savannahs,
susceptible to be influenced by climatic and anthropogenic factors. Similarly, the Lamto region has already experienced notable
changes in its rainfall patterns and temperatures in recent decades (Diawara et al., 2014). In addition, by its status, this site is exempt
from anthropogenic activities likely to have a profound impact on its dynamics. In light of these arguments, it constitutes a privileged
site for the analysis of the interactions between climate variability and ecosystem dynamics. In addition, the study of the impacts of
climate variability in this transition zone is of overriding importance because it will allow, among other things, to (1) assess how the
transition zone adapts to climate change; which can provide valuable information for long-term conservation and adaptation
management strategies in the face of future climate scenarios ; (2) to understand ecosystem dynamics in Lamto which can help guide
sustainable development policies, integrating ecological considerations into regional and national planning.
The objective of this research is to contribute to improving knowledge of the influence of climate variability on the spatio-temporal

dynamics of vegetation. Specifically, it was a question of:

e Analysing the climate variability of the Lamto Scientific Reserve from 1990 to 2022;

e Characterizing the spatiotemporal dynamics of the Lamto Scientific Reserve from 1990 to 2022;

e Analysing the influence of climate variability on the spatio-temporal dynamics of the Lamto Scientific Reserve from 1990

to 2022.

1. MATERIAL AND METHODS
A. Study area

Created on 12 July 1968 by Order No. 857 AGRI/DOM of 12/07/1968, the Lamto Scientific Reserve, with an area of 2,617
ha, is located at the southern tip of the VV-Baoulé, in the department of Taabo, between the coordinates 6°13' and 6°15' of latitude
North and 4°06' and 5°03' of longitude West (Gnahoré et al., 2018) (Figure 1). It hosts a geophysical station and an ecological
station as mentioned by Gnahoré et al., (2018), The vegetation of the Lamto Scientific Reserve is a mosaic of forest-savannah,
made up of forest galleries bordering the Bandama River, shreds of dense semi-deciduous forests and different savannah facies with
Borassus aethiopum (Devineau, 1975).
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Figure 1: Location map of the Lamto Scientific Reserve

B. Study Methods
Analysis of climate variability from 1990 to 2022
Climate data collection
The climatic parameters used in this study are: Temperature and precipitation. These parameters are generally considered to be
the components of climate and the environment that most influence forest fire behaviour and vegetation dynamics (Guiguindibaye
etal., 2013; Ago, 2016; Vissin, 2017). Data related to these two climatic parameters were collected at the Lamto Reserve Weather
Station, for those available. Missing data were collected on the Climate Engine website (climateEngine.org).

Climate data analysis

The analysis of the climate data focused on the evaluation of the dynamics of temperature, rainfall and the evaluation of drought
indices which are: the Standardized Precipitation Index (SPI) and the Palmer Drought Severity Index (PDSI).
Temperature is considered one of the main factors influencing the rate of plant development. Higher temperatures predicted by
climate change and the risk of more extreme thermal events will impact plant productivity (Hatfield et Prueger, 2015). According
to Hatfield et Prueger, (2015), The latter dries them out and weakens them facing of water stress.
Hence, the maximum, minimum and average temperatures were taken into account (monthly) in our assessment through a
descriptive approach.

Standardised Precipitation Index (SPI)

To highlight periods of water deficit in the study area, precipitation dynamics were assessed from 1990 to 2022 using the
Standardized Precipitation Index or Nicholson Index (SPI) and the Palmer Drought Severity Index (PDSI).
The standardised precipitation index (SPI) was developed by McKee, Doesken and Kleist (1993). It is a statistical indicator used
for the characterisation of local or regional droughts. It therefore makes it possible to determine the degree of humidity or dryness
of the environment (Bergaoui and Alouini 2001). Based on a long-term rainfall history (minimum 30 years), it quantifies the
deviation of a period's rainfall, deficit or excess, from the historical average rainfall of the period. This can be normal, wet, or dry.
It also makes it possible to interpret the dynamics of vegetation cover with the evolution of precipitation (McKee, Doesken, and
Kleist, 1993). The SPI was evaluated using the following equation:
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Pi_Pmean

Pr=—7 (1)

SPI = Rainfall index of the year i ; P; = the cumulative rainfall for a year i ; Pmean = Mean annual rainfall observed over the entire
series; o = Standard deviation of annual rainfall observed for a given series.

The interpretation of the results of the SPI calculation was made according to the SPI classes and their degree of dryness or
humidity (Table I).

Table I: Classification of drought according to values SP1 (Mckee, Doesken et Kleist (1993).

SPI SPI>2 1.5<SPI<1.99 1.0<SPI<1.49 -0.99 -1<SPI<- - SPI<-1.99
Class <SPI<0.99 1.49 1.5<SPI<-
1.99
Degree Extremely Severely wet Moderately Near Moderately Severaly Extremely
of dryness  wet wet normal drought drought drought
or
humidity

Palmer Drought Severity Index (PDSI)
The PDSI is a drought index that characterises the cumulative deviation of local average soil moisture conditions based on a
simplified water balance calculation. Therefore, it is classified as an index of meteorological drought and quantifies the departure
of water from the soil surface (Svoboda and Fuchs, 2016). It is commonly used around the world to quantify observed droughts
and drought projections (Ficklin et al., 2016).

PDSI is calculated based on the water balance parameters of (Thornthwaite et Mather,1955). The interpretation of the PDSI is
mentioned in (Table 3) Descriptive and trend analyses were evaluated in the same way monthly over the period (1990-2022) through
time series data. The PDSI can be formulated as the following equation:

2@ 2
Xo = 71 + BX(i-1) @)

X is the result of the PDSI in the tenth month, zg) is the humidity anomaly index in the th month, X.1) is the amount of the PDSI
for the previous month, « et S are the climate coefficients of the PDSI.

Table 11: PDSI Categorization of Drought Severity (Palmer 1965).

PDSI Value Drought category
4.00 or more Extremely wet
3.00t0 3.99 Severely wet
2.00t0 2.99 Moderately wet
1.00 to 1.99 Slightly wet
0.50 to 0.99 Incipient wet spell
0.49 t0 -0.49 Near normal
-0.50 to -0.99 Incipient dry spell
-1.00 to -1.99 Mild drought
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-2.00 to -2.99 Moderate drought
-3.00 to -3.99 Severe drought
-4.00 or less Extreme drought

C. Analysis of the spatiotemporal dynamics of vegetation

Satellite images and software
The vegetation dynamics of the Lamto reserve were carried out over 30 years (from 1990 to 2022). The satellite images used are
from the years 1990, 2002, 2012 and 2022. They come from the 196-56 scene and sensors (Landsat TM for 1990, Landsat ETM+
for 2002 and 2012 and Landsat OLI-TIRS for 2022). They date from the period of the long dry season when the rate of cloudiness
and cloud cover are lowest (Chatelain, 1996). In addition, they were acquired simultaneously to reduce the problems of solar angles,
phenological changes in vegetation and differences in soil moisture.

Image pre-processing

The objective of the pre-processing is to improve the satellite images for a good spectral discrimination of the different types of land
cover of the landscape (N’Da et al., 2008, Sangne, 2009). As the images from the years 1990, 2002 and 2012 were level 1, the pre-
processing carried out concerned only atmospheric and radiometric corrections, to extract information from the signal that is
independent of the effects of the atmosphere and converting the luminances into reflectances (Caloz et Collet, 2001). This was
followed by the extraction of the study window, which focused on the Lamto Scientific Reserve.

Satellite image processing
Three main operations were performed on the insulated window. First, it is a question of calculating the biophysical indices resulting
from the Tasseled cap transformation of the ENVI 5.3 software, from the raw bands. These indices are:

- The Brightness Index (BI), which highlights the level of cover or the density of vegetation cover;

- The Wetness Index (WI), which highlights the level of moisture in vegetation or subsoil;

- The Normalize Vegetation Difference Index (NDV1), is used to highlight the intensity of photosynthetic activity.

Afterwards, a principal component analysis was performed on the raw bands (visible, near-infrared and mid-infrared). It aims to
improve the visual quality of each original band and to obtain new images in which certain characteristics are accentuated and
enhanced.

Finally, the third operation consisted of executing a coloured composition, by associating the three primary colour channels (red,
green and blue) with raw bands.

Thus, the images obtained, from the coloured compositions, were visually interpreted to discriminate the different land uses. Images
from the PCA and vegetation indices were used as a reference for this discrimination based on colouration and spectral
characteristics. The land uses discriminated against at this stage are the classes: gallery forest/dense semi-deciduous forest, open
forest/wooded savannah, arboreal savannah/shrub savannah, water body and bare soil/habitat.

This step was followed by the choice of training points whose coordinates were recorded in a GPS for their recognition and
description during the validation mission.

This was also attended by the actual classification. Based on proven knowledge in the field, we opted for supervised classification
with the maximum likelihood algorithm to produce classified images. It is the most suitable for the thematic study of vegetation
mapping (N’Da et al., 2008).

The classifications of previous years (1990, 2002 and 2012) used the same technique. As the Land Use/Land Cover (LULC)
of the different dates did not change, the training and control points of 2022 were used for the classification of the earlier dates.
However, as the spatial dynamics of Land Use/Land Cover (LULC) are evolving, only the points at the level of the areas that
remained stable during the period have been retained for these dates.

Hereafter, the classifications of the Land Use/Land Cover (LULC) maps of the different dates were generated using the software
ArcGIS 10.8.
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The mapping performance was evaluated through three parameters: the confusion matrix, the overall accuracy and the Kappa
coefficient.

D. Method for analysing the links between climatic variables and vegetation dynamics

A correlation analysis between the variables was performed to assess the influence of climatic parameters (Temp_Min,
Temp_Mean, Temp_Maxi, Precipitation mm), PDSI values and SPI values on vegetation dynamics expressed through the areas of
each land cover by period (1990-2002, 2002-2012, 2012-2022), through Spearman'’s correlation.

Spearman's correlation, or Spearman's correlation coefficient (p), is a statistical measure that evaluates the strength and direction
of a monotonic (increasing or decreasing) relationship between two variables (Sokal et al, 2012).

1. RESULTS

A. Climate variability of the Lamto Scientific Reserve from 1990 to 2022

Temperature fluctuation from 1990 to 2022

Minimum, mean and maximum temperatures present various trends over the study period (Figure 2). As for the mean temperature,
the curve presents growth along the chronosequence, marked by upward or downward fluctuations at times. We have therefore gone
from 24.5° in 1992 to 27° in 2021, i.e. an overall growth of 2.5° over 30 years. This chronosequence is marked by two decisive
dates, the years 1992 and 2021. The year 1992 recorded the lowest average temperature (22.38°C), while the year 2021 saw the
highest warming with an average value of 27°C.

Nevertheless, there is a discontinuity in the dynamics of temperature. Hence, the period 1992 to 2002 is marked by an increase in
mean temperature from 24.5° to 26°C, i.e. awarming of 1.5°. The period from 2002 to 2015, on the other hand, was marked by very
low overall growth. The mean temperatures fluctuated between 25° and 25.5°C. From 2015 to 2021, the mean temperature rose
from 25.5° to 27°C. During this period, we witnessed a global warming of 1.5°C.
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Figure 2: Trend curves for temperature variables in the Lamto Scientific Reserve from 1990 to 2022

Precipitation Dynamics from 1990 to 2022

The precipitation values for the three decades of study vary between 900 mm and 1687 mm, respectively for the years 1992
corresponding to the least rainy year and 2021 equivalent to the year with the most rainfall (Figure 3). The years 1990, 1992 and
1997 were the years with the lowest rainfall, with values of 1100 mm, 907 mm and 1040 mm, respectively. In contrast, the years
2003, 2010 and 2021 recorded the highest amounts of rainfall with values of 1638 mm, 1676 mm and 1687 mm respectively.
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Figure 3: Lamto Scientific Reserve’s precipitation fluctuation curve, 1990 to 2022

Periods of wetness and drought

The Standardized Precipitation Index (SPI) and Palmer Drought Severity Index (PDSI) were used to assess periods of

moisture and drought during the study period.
Under SPI, the study period (1990-2022) expresses two trends: dry and wet periods (Figure 4). As a result, the years 1990, 2007
and 2015 were characterised by moderate drought, while 1997 was characterised by a high drought and 1992, an extreme drought.
In contrast to these dates, the year 2004 experienced an episode of moderate wetness, the years 2003 and 2010, high wetness and
the year 2021 extreme wetness.

At the level of the Palmer Drought Severity Index (PDSI), both trends are also observed (Figure 5). Yet, there was a
dominance of the drought episode during the study period (Table I11). Nearly 67% of the study period was marked by a drought
episode while 12% of this period was marked by a period of wetness. For the drought episode, moderate drought and mild drought
were more observed (18%).

For the moisture category, the light moisture that occurred over 9% of the study period is the most important.
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Figure 4: Lamto Scientific Reserve’s SPI trend line from 1990 to 2022
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Table I11: Distribution of study years based on PDSI categories

PDSI Value Slight  Incipientwet Near Incipientdry Mild Moderate Severe Extreme
wet spell normal spell drought  drought drought drought
1991 2019 1994 2011 2002 1990 1992 1998
1995 1996 2007 1993 1997 2016
2010 2001 2009 1999 2013 2021
Years 2003 2014 2000 2017 2022
2004 2015 2006 2020
2005 2018 2012
2008
Number of 3 1 7 1 6 6 5 4
years
Proportion 9.09 3.03 21.21 3.03 18.18 18.18 15.15 12.12
2
1 /—I
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Figure 5: Lamto Reserve’s PDSI trend line from 1990 to 2022

B. Spatio-temporal dynamics of vegetation in the Lamto Scientific Reserve from 1990 to 2022

Land Use Land Cover Mapping of the Lamto Scientific Reserve
The mapping of the Land Use Land Cover of the vegetation of the Lamto Reserve discriminated 6 classes of Land Use/Land Cover
(LULC) for the different dates of study (Figure 6). These are the semi-deciduous dense forest/gallery forest class, the open
forest/wooded savannah class, the arboreal savannah class, the shrub savannah class, the water body class and the bare soil/habitat
class. The different classifications were evaluated by the confusion matrix through the calculation of the overall accuracy of
classifications and the Kappa coefficient. These matrices show overall cartographic accuracies of 98.66%, 99.83%, 98.32% and
98.32% for Landsat TM, 7 ETM, 7 ETM and OLI-TIRS. The Kappa coefficients are valued at 0.98; 0.99; 0.98 and 0.97 respectively
for images from 1990, 2002, 2012 and 2022.
The spectra of Land Use/Land Cover proportions vary from one date to another (Figure 7). In 1990, the vegetation of the Lamto
Scientific Reserve was dominated by shrub savannahs with a proportion of 46% while wooded savannahs were the least represented
vegetation formation with a proportion of 3%.
In 2002, the trend was the same for the dominant plant formations in terms of surface area. However, there has been an increase in
the area of shrub savannahs, the proportion of which is estimated at 52%. Secondly, a reduction in the size of the open forest/wooded
savannah class, which fell from 23% to 14%. At that time, the dominance of savannah formations increased from 49% to 58% of
the reserve's surface area.
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In 2012, there was a regressive trend in shrub savannahs, which remain the most dominant type of vegetation with a proportion of
41%, and an evolutionary trend in arboreal areas, which occupy 22% of the reserve's surface area. There is an appearance of bare

soil/habitat, with a proportion of 1%.

In 2022, the trend is marked by the dominance of wooded savannahs, which occupy 30% of the reserve. There has been an evolution
of the open forest/wooded savannah class, with a proportion of 17%, and a decline in shrub savannahs, which occupy only 25% of

the reserve's surface.

Land Use Land Cover classification map of Lamto in 1990

Land Use Land Cover classification map of Lamto in 2002
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Land Use Land Cover classification map of Lamto in 2022
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Figure 6: Land Use/Land Cover (LULC) maps of the Lamto Scientific Reserve from 1990, 2002, 2012, 2022
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Figure 7: Spectrum of Land Use Land Cover proportions of different study periods

Land Use Land Cover Trends in the Lamto Scientific Reserve

Land Use Land Cover in the Lamto Reserve has changed in different ways during the observation period of the study (Figure
8). The forest formations (dense semi-deciduous forests and galleries forests) and pre-forest formations (open forests and wooded
savannahs) have experienced an opposite dynamic. Moreover, during the first two decades (1990-2002 and 2002-2012), pre-forest
formations experienced an increase in area while forest formations declined. Conversely, the period from 2012 to 2022 was
characterised by a reduction in the area of pre-forest formations and a gain in forest formations. The flat water and bare soil/habitat
classes have undergone the same evolution, with a gain in surface area during the first decade (1990-2002) and a loss of surface
area during the last two decades of study. As for the shrub savannah class, it has declined over the 30 years, with a peak in loss
during the period 2002-2012. The wooded savannahs have lost surface area during the period 1990-2002 and have gained in size
over the last two decades.
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Figure 8: Land Use Land Cover trends over the periods 1990-2002, 2002-2012 and 2012-2022

Influence of climate variability on the vegetation dynamics of the Lamto Scientific Reserve from 1990 to 2022

The correlation implemented through the Spermann test indicates that there are links between the dynamics of certain land uses and
climatic variables. The variables that significantly explain the dynamics of the different land uses are: the severity index, the Palmer
Drought Severity Index (PDSI), the mean and maximum temperatures (Figure 10). The PDSI reveals a positive and mean correlation
(0.48) with dense semi-deciduous and gallery forests. Consequently, a harsher drought would encourage the development of this
type of plant formation. In contrast to this observation, the PDSI index is negatively correlated with the open forest/wooded savannah
class. This implies that a reduction in drought, or even wetter periods, would lead to the regression of open forests and wooded
savannahs (Table 1V).

Mean temperature is the climatic variable that has the greatest influence on Land Use Land Cover dynamics and is the strongest in
its relationship. Accordingly, the temperature rise strongly favours the increase in the areas of wooded savannahs, bare soils and
average water bodies, with correlation values of 0.816, 0.811 and 0.699 respectively (Table V). In contrast to these Land Use Land
Cover, the mean temperature, with a correlation value of -0.811, has a very negative influence on the expansion of shrub savannahs.
Like the mean temperature, the minimum temperature has the same effects on vegetation dynamics, but with a lesser influence.
Indeed, the increase in the minimum temperature moderately supports the expansion of wooded savannahs, bare soils and water
bodies. The correlation values are 0.591, 0.602, and 0.533. Nonetheless, the augmentation in this variable hinders the expansion of
shrub savannahs. The value of this link is -0.602 (Table 1V).

In general, precipitation and associated indices (SPI1, PDSI) do not have a significant correlation with most vegetation or land cover
types in this analysis.

Table IV: Summary of the correlations of the Spearmann test between climatic variables and Land Use Land Cover

Gallery forest/  Open forest/
Variables Semi deciduous wooded
_dense forest savannah

Arboreal Shrub Bare_land/ Water
savannah savannah settlement body

_ Correlation 41 -0.043 0343  -0297 0297 0.180
Precipitation  value
P-Value 0.923 0.813 0.051 0.093 0.093 0.314
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Figure 9: Correlation circle between climatic variables and Land Use/Land Cover (LULC) in Lamto
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V. DISCUSSION

Climatic variables of Lamto reserve

The study on climate variability indicated a very perceptible dynamic of the climatic variables of the Lamto reserve in 30
years of study. Thus, in terms of the average temperature (Tm), an overall increase of 2°C was observed. The year 2021 recorded
the highest Tm and the period from 2015 to 2022 saw the fastest growth. The growth trend pointed out by this study shows that the
Lamto Scientific Reserve is not exempt from the increase in global temperature as mentioned by IPCC (2021). According to Niang
et al., (2014), Bary et al., (2018), and IPCC, (2021) Africa is experiencing a temperature increase higher than the world average.
This result obtained in the Lamto Reserve is not singular because authors such as Douffi et al., (2021), have noted this general
increase in temperature in Cote d'Ivoire in general and in the Lamto Scientific Reserve in particular (Diawara et al. 2014; Kouame
et al., 2019; Bigot et al., 2004).
In fact, three trends in temperature variations were observed over the overall period of the three decades considered in this study.
From 1992 to 2002, temperatures increased by 1.5°C, followed by a stagnation phase between 2002 and 2015 and a new phase of
warming from 2015 to 2021.
The increase of 1.5 °C during this period can be seen as a response to the global climate changes affecting the Lamto Scientific
Reserve. WHO, (2024), and Sylla et al., (2016), studies show that West Africa is vulnerable to these variations, influenced by
climatic phenomena such as EI Nifio and La Nifia. Sarr et al., (2008) observed that warming periods are often linked to fluctuations
in precipitation patterns, thus affecting regional climate systems. Rising temperatures may also be linked to changes in atmospheric
circulation that influence climatic conditions on the African continent such as the Walker, Hadley and monsoon circulations
(Ibebuchi, 2024; Sarr et al., 2008; Nicholson, 2013). Moreover, the trade winds, blowing from subtropical regions towards the
equator, are also affected by these circulation systems. Changes in the strength and direction of the trade winds can alter the
availability of moisture and influence temperatures in West Africa, particularly the Lamto zone (Sarr et al., 2008, Singh et al.
2023).
As for the stagnation of temperatures recorded between 2002 and 2015, it can be interpreted as a stabilization phase due to
interannual climatic fluctuations, but also to meteorological conditions specific to the region. According to Zhou et al., (2016),
periods of temperature stagnation can occur in regions where atmospheric systems find a temporary equilibrium. This could suggest
that the region has experienced phases of climate adaptation, where temperature fluctuations have been offset by changes in
precipitation patterns, resulting in a stabilization of measured temperatures.
While the warming phase observed between 2015 and 2021, may indicate a response to global climate change, where extreme
weather events are becoming more frequent. Kouadio et al., (2021); Rome et al., (2019) mention that temperature increases can be
exacerbated by phenomena such as heat waves, which are becoming more frequent in tropical regions. The IPCC, (2021) also
reported that temperatures in Africa continue to rise at a worrying rate, which may be reflected in weather data recorded at weather
stations like the one at the Lamto geophysical station.
The analysis of wet and dry periods in the Lamto Scientific Reserve, based on the Standardised Precipitation Indices (SPI) and the
Palmer Drought Severity Index (PDSI), reveals worrying trends that highlight the climatic vulnerability of this region. The
prevalence of droughts could be attributed to several factors, including global climate change, which is intensifying climate
variations at the regional scale.
Indeed, studies indicate that increases in global temperatures and changes in atmospheric circulation patterns can lead to decreased
precipitation and worsening droughts (IPCC, (2021) ; Zeng et al., (2020)).

Mapping and dynamics of land use and land cover
In terms of vegetation dynamics, the forest class increased slightly during the observation period of the study. This increase
could be explained by the fire established at the edge of the forest area which protects it from the influence of seasonal fire, which
would allow this class to develop more easily. This expansion in the forest class is mainly located along the Bandama River rather
than within the savannah areas. The open forest/wooded savannah and shrub savannah classes were the most unstable during the
observation period of the study. This instability could be explained first by its transitory nature, which supports its conversion
towards the gallery forest/semi-deciduous forest class, which constitutes the climax state of the vegetation of the environment.
Eventually, the arboreal savannah class was the one that recorded a large increase in its area during the study period. This growth is
explained by the influence of fire. Indeed, as this class is mainly made up of pyrophytic species, the seasonal fire in Lamto makes
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it possible to break the dormancy of these species whose seeds are stored in the soil and which germinate following the first rains
after the passage of the fire. This afforestation of the savannahs could lead to a regeneration of forest formations, which would prove
that the ecosystem of the forest-savannah transition would tend towards a forest climax, as opposed to savanization (Koulibaly et
al., 2010, Koulibaly et 2016). This regeneration phenomenon is corroborated by several studies. Chazdon (2008) points out that
tropical forests can recover effectively under favourable conditions, thus contributing to biodiversity and carbon storage. Likewise,
Poorter et al., (2021) and N'Guessan et al., (2019) have shown that these forests can regenerate in just 20 years when they do not
suffer deforestation or other forms of anthropogenic degradation. This rapid resilience is essential to maintain the ecological integrity
and ecosystem services of forests.

Climatic variable interaction and vegetation dynamics

The study of the interactions between climatic variables and the dynamics of the Land Use/Land Cover (LULC) in the
Lamto Scientific Reserve has shown that temperatures are the variables that most influence the dynamics of the different ecosystems.
Precipitation and associated indices (SPI, PDSI), nevertheless, do not have a significant correlation with most vegetation types or
Land Use/Land Cover (LULC), generally expressing. However, there is specificity in the links between habitats and climatic
variables. Thus, forest formations (gallery and semi-deciduous forest) and pre-forest formations (open forest and wooded savannah)
are only related to the Palmer Drought Severity Index (PDSI), so with the precipitation. Similarly, temperatures only influence
savannah formations (arboreal and shrub savannahs), bare soils and water bodies.
As far as the PDSI and therefore drought is concerned, it favours the expansion of gallery and semi-deciduous forests and leads to
a regression of pre-forest formations. This expansion of forests during periods of drought could be explained by the resilience of
certain plant species present in this habitat. In point of fact, the location of the study area in the transition zone favours the
establishment of species that can withstand a certain threshold of water stress. In addition, this study has shown that periods of
drought, even when they occur, rarely extend over several consecutive years, which could lead to impacts deeper on the flora.
Authors such as Rammig et al., (2010) et Dja et al., (2018) addressing in the same vein, have proven that tropical forests can be
resilient to dry periods and maintain their biodiversity by adjusting to the specific adaptation of species.
Unlike forests, pre-forest formations are vulnerable to drought. In truth, a more increased drought will accentuate the water deficit
at ground level, which will negatively affect the flora and consequently the vegetation. On the other hand, drought makes these
habitats more vulnerable to the passage of seasonal fire, caused each year to maintain the balance between forest and savannah,
which will accordingly lead to their degradation and therefore the reduction of their surface area. Adjonou et al., (2009), in a similar
approach, showed that the decrease in rainfall resulting from climate change has a negative impact on the dynamics of woody trees
in open forests in Togo.
As far as temperature is concerned, its enhancement favours a gradual dynamic, arboreal savannahs, water bodies and bare soils.
Trenberth and Shea (2005) and IPCC (2021) have demonstrated that increasing temperature stimulates evapotranspiration which
promotes rainfall. The increase in rainfall will promote the development of vegetation, in the case of the arboreal savannah, and the
gain in surface area for the water body. The regression of shrub savannahs, on the other hand, could be explained by the
transformation of this habitat into an arboreal savannah when it is subjected to heavy rainfall. This explains the regression of shrub
savannahs and the progression of arboreal savannahs. As for bare soils, their increase cannot be justified by rainfall. On the other
hand, the rise in temperature will dry out the grassy layer more, especially in the savannah facies with very little woody cover. As
this stratum is very dry during the period December to January, the seasonal fires applied during this period will eliminate it
completely, revealing bare soil. The lack of vegetation cover after these fires could lead to soil erosion during the harmattan period
and reduce their water retention capacity, impacting the regeneration of herbaceous plants during the wet seasons. In addition,
exposure of bare soils to high temperatures can affect germination processes and compromise the resilience of the savannah
ecosystem in the context of climate change.

V. CONCLUSION

The study highlighted the complexity of climate-ecosystem interactions in an ecological transition zone while emphasizing the
importance of appropriate management and conservation strategies to preserve these evolving landscapes. Spatio-temporal
monitoring of Land Use/ Land Cover (LULC) reveals a marked trend towards densification of arboreal cover, indicating a transition
from savannahs to denser forest formations. This dynamic of "afforestation” can be seen as a response to climate change in this
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region of forest-savannah transition. The study shows that, although precipitation has increased over the years (from 900 mm to
1687 mm), high temperatures strongly influence vegetation dynamics. Gallery and semi-deciduous forests show increased resilience
to high temperatures, while other formations, such as shrub savannahs, are associated with signs of ecological degradation, often
linked to higher temperatures. The different types of plant formation react differently to climatic factors. While some forest
formations tend to strengthen under current climate change, other vegetation types, such as shrub savannahs and bare land areas,
appear to be more vulnerable, which could exacerbate ecological degradation processes. The analysis demonstrates that precipitation
plays a minor role in some changes in vegetation cover. This suggests that factors such as rivers, microclimate, or other specific
local conditions also play an important role in the evolution of the reserve's landscapes.
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