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ABSTRACT 

Environmental conditions change in the Southwest of Côte d’Ivoire has been a major issue in development debates over 
the last decades. Using remote sensing based on land cover change analysis, climatic data, national statistical data, we 
analyzed the drivers of environmental change in Southwestern of Côte d’Ivoire. Being part of the perennial crops basin, 
Southwestern of Côte d’Ivoire has witnessed rapid degradation of environmental conditions caused by the conversion of 
forest areas to agricultural land during the last 20 - 30 years and by a combination of decline in precipitation, soil deg- 
radation, a diversity of policies with little concern for the environment and population pressure. We concluded that 
while climate variability has influenced environmental change in the area of Sassandra, various types of anthropogenic 
and State interventions in agriculture appear to have been the main underlying causes of environmental degradation. 
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1. Introduction 

Côte d’Ivoire is located in the intertropical zone, with 
about 60% of the population living in rural areas and the 
largest share of GDP (Gross Domestic Product) coming 
from natural resources extraction. The natural vegetation 
is constituted by important forest cover in south and sa- 
vanna in the north. Nowadays, the performance of the 
Ivorian economy is largely based on agriculture which 
contributes about one third of GDP and employs more 
than 60% of the population [1]. The sector also provides 
about two-thirds of export earnings. A significant change 
in crops production could thereby have a direct impact on 
the economy. Although the importance of agriculture in 
the national socio-economic development is recognized, 
forests and soils of Côte d’Ivoire remain very assaulted 
mainly because of cultural practices. Land cover change 
due to human activities is currently proceeding more 
quickly in developing countries than in the developed 
World, and affected strongly the surface temperature [2]. 

Moreover, since 1970’s, there was a period of defi- 

cient rainfall called dry season. The appearance of a few 
surplus at the end of the 2000s years, did not allow us to 
confirm the actual return to the wet period in Gulf of 
Guinea region. Studies of Mahé and L’Hôte [3,4] that 
attempted to provide answers to these uncertainties were 
limited to the Sahel region. In fact, rainfall trends and 
variability affect directly or indirectly other variables, 
such as rained crop productivity, vegetation and soil de- 
gradation process, reduction in the quality and quantity 
of the ecosystem services, human livelihoods, etc. [5-7]. 

Furthermore, in terms of agro-economic loss of the 
forest, ecosystem causes an obstacle of a structural nature 
of Ivorian agricultural system [8]. Generally, it has been 
demonstrated that anthropogenic causes of ecosystem 
change, such overexploitation of natural resources, are 
determined by population growth, demographic shifts, 
economic and technological development, cultural forces, 
values and beliefs, institutions and governance structures 
as well as the interactions among all these underlying 
driving factors [9]. The southwestern of Côte d’Ivoire, 
new agricultural belt, seems to be particularly affected, 
with exceptional anthropogenic pressure source of land *Corresponding author. 
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degradation, declining productivity and various land dis- 
putes. Indeed, increasing population in developing cities 
has caused rapid changes in land cover and increased 
environmental degradation. So Geographic Information 
System (GIS) and remote sensing (RS) techniques are 
powerful and cost-effective tools for assessing the spatial 
and temporal dynamics and changes in land cover and 
land use [10]. 

Generally, success in natural resources management 
depends on precise diagnosis of the state and evolution of 
the resources, but also on a clear identification of active 
agents and driving forces that sustain negative trend in 
resource availability or access. This work aims at exam- 
ining the data space, climate and population to under- 
stand the interaction and impact of climate risks and mi- 
gration on the dwindling agricultural production support 
that-is-to say forest lands.  

2. Study Area 

The study area is located in the southwest of Côte d’- 
Ivoire in a transitional zone between equatorial and tro- 
pical climates (Figure 1). 

The studied area is part of eco-geographical zone, 
called the Sassandra south basin. Average annual rainfall  
 

 

Figure 1. Location of the study area. 

is about 1500 mm/year and a temperature between 25˚C 
and 27˚C. The land cover of the area includes various 
vegetation types [11] such as: swamp forests, dense ev- 
ergreen forest on soil with high water retention capacity, 
of the mangrove soil hydromorphic gley and dense ever- 
green forest. The soils are ferrallitic types heavily un- 
satured and are characterized by the presence of thin 
topsoil and a gravelly underdeveloped horizon. They 
compensate for their poverty by good chemical and phy- 
sical property by a sharp deterioration in wet weather. 
The relief is quite contrasting with the West consists of 
high peaks and other parts mainly composed of plains. 

3. Data and Methodology 

3.1. Data 

The data used in this work are three types: climatic data, 
satellite data (satellite image) and demographics. Climate 
data (rainfall and evapotranspiration) are derived from 
Gagnoa and Sassandra agro-climatological stations. These 
stations belong to the network measurement of the Direc- 
tion of National Meteorology of Côte d’Ivoire. These sta- 
tions, respectively center west and southwest of Côte 
d’Ivoire, were chosen because they have long series (at 
least 30 years of observations) and exhibit a limited 
number of missing and erroneous values. The data cover 
the period from 1950 to 2000. In reporting data on forest 
dynamics, we treated the Landsat image of 1986 and 
2001 based on knowledge of the terrain. Demographic 
data come from statistical yearbooks of the NSI (Na- 
tional Statistics Institute of Cote d’Ivoire) and include the 
General Census of Population and Housing in 1988 and 
1998. 

3.2. Methodology 

Land use/cover mapping using Landsat ETM data of 
December 1986 and December 2001 has been conducted 
to derive the direction and the magnitude of change in 
part of the study area and to underline the importance of 
land degradation on natural resources loss in the area. 
After the visual interpretation, an unsupervised classifi- 
cation was undertaken. In fact, pixels were grouped on 
the basis of similar spectral signatures [12]. Then, a sim- 
ple supervised classification (with field data) of the two 
images was carried out to map and identify in the extent 
of the four land use/cover classes based on known char- 
acteristics of the area in the initial grouping (water bodies, 
forest, culture/fallow, urban zone, uncovered soil). By 
specifying the spectral definition of each corresponding 
classification quality was appreciably improved. One of 
the principal advantages of utilizing satellite images in 
this analysis was the fact that it can uncover land-use and 
vegetation changes over time. 

In order to analyze the pressure on forests and farm- 
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land of the deficit, we coupled maps of the growth rate of 
rural population, the map of land use/cover and the map 
of slippage isohyet 1200 mm between 1970 and 2000. 
Multivariate analysis was performed to highlight the de- 
termining factor (or rain forest) in increasing the rural 
population.  

Climate risk faced by agricultural production has been 
analyzed through the method of Eldin [13] described by 
Brou [8] which is to assess, to some extent, the probabil- 
ity of occurrence of adverse climatic factors and likely to 
cause the partial or total loss of a crop. Follow the water 
supply of a crop is to compare two homogeneous quanti- 
ties (same unit) expressing the needs on the one hand and 
secondly the availability. These two quantities were ex- 
pressed by potential evapotranspiration (ETP) and by the 
rainfall (P) and soil water reserves (UK). Regional mac- 
roscopic approach adopted in this study allows us to con- 
sider the rain as the predominant term of the balance 
sheet and thus absorb water availability than precipitation. 
The question then is to compare the rainfall (P) to eva- 
potranspiration (ETP). This term water balance repre- 
sents an upper bound of the water consumption of any 
crop at any time. Get a month of rain over the ETP is to 
be assured that plants are bound to water [13]. On this 
theoretical basis, we calculated over the period 1950- 
2000, the frequency (probabilistic approach) with monthly 
rainfall which meet or exceed the monthly values of the 
ETP. The choice of a probability (p), reflecting the risk 
of more or less complete loss of the crop due to water 
shortages, acceptable to the farmer, used to define the 
corresponding period of rainfed. In this work we have 
assumed that this probability is p = 0.03 [8,14,15], a par- 
tial loss or total accepted approximately one year to 
three. 

4. Results and Discussion 

4.1. Directions of Change in Sassandra South 
Watershed 

The study is known for the considerable changes of its 
bio-physical environment during the last decades as 
noted by Brou [8]. In order to characterize the environ- 
ment change that accompanied this development, we will 
first address the issues related to key driving forces and 
the consequences of environment change. This will in- 
clude land use/land cover, rainfall and soil degradation. 
Second, we will discuss how social, political, economic 
and demographic parameters have shaped the environ- 
ment of southwestern of Côte d’Ivoire today. Taken to- 
gether, these discussions will serve to illustrate the co- 
evolution of environmental and societal conditions. 

4.1.1. Land Cover and Land Use Dynamic 
Remote sensing data were analyzed to estimate land use 

and land cover changes (LUCC). A purpose of this in- 
vestigation was to determine whether these land cover 
change resulted from change in land use. We chose five 
localities in this study area to highlight the dynamics land 
cover. A cross-table analysis was undertaken for the two 
time period (Table 1). This statistical examination re- 
vealed that all aspects of land covers were declined. By 
visually comparing the two images (Figure 2), it’s pos- 
sible to identify the obvious changes in the four classes 
(water, forest, culture/fallow, habitat/ bare soil) during 
the two times. 

To highlight this dynamics we made areas of interest 
at the estuary of Sassandra and determined the evolution 
of the different land use rate. The map of land (Figure 3) 
following the classification of Landsat TM 1986 and 
ETM 2001 are classified into five themes chosen for the 
purpose of the study: 1) wetlands, 2) forest 3) water bod- 
ies, 4) crop areas and/or fallow and 5) habitats. 

Land cover change between 1986 and 2001 were 
shown in Figure 4. The statistical examination revealed 
that only areas covered by water were relatively stable 
during the study period. Wetlands and forests are declin- 
ing opposite habitats and fallows have sharply increased. 
This land cover change in southern Sassandra appears to 
be linked to agricultural expansion and degradation of 
the natural vegetation. Indeed, the forest in the south- 
western of Côte d’Ivoire inexorably disappears in favor 
of Cocoa and coffee plantations and fallow. Moreover, 
the proliferation of habitats was the sign of the forest co- 
lonization by migrants 

In fact, since the independence of Côte d’Ivoire in 
1960, agricultural and other government policies have 
influenced the land cover dynamics in the country par- 
ticulary southwest. The linkage between population 
growth and land degradation in the southwest of Côte 
d’Ivoire has been frequently debated. Causes are to be 
found in changing land use and land cover, which are 
expressions of human impact on the environment [16]. 
The catalyst for this process according to Ibo [17] was 
 
Table 1. Land use/land cover for each time period (in pixels). 

 
land cover for each 

time period en pixels 
 

Locality 1986 2001 
Average % of change 

(1986-2001) 

Gréguigré 457,568 263,778 −42.35 

Grihiri 332,553 320,622 −3.59 

Baléko 778,348 656,148 −15.7 

Niapidou 278,353 75,053 −73.04 

Kokolopozo 207,117 1,293,939 −37.43 

TOTAL 2,053,939 2,609,540 −34.422 
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Figure 2. Dynamic of land cover to 1986 to 2001. 
 

         

 

Figure 3. Land cover/land use in the Sassandra river estuary in 1986 and 2001. 
 
the migration of populations from areas above the 8th 
parallel to the southern forest naturally rich but poor 
workmanship. This is why an analysis of the population 
dynamics is needed (Figure 5). 

4.1.2. Demography 
A comparative study of areas of heavy deforestation and 
land degradation in Sassandra region showed that the 
most affected area is the one that is subject to strong mi- 
gration. The Figure 5 attests this hypothesis in Sassandra 
region. We see through this Figure that the Sassandra 
city presents a low evolution of its population while in 
rural the population grew exponentially. Although, po- 
pulation pressure may be an important reason behind 
agricultural expansion, it is, nevertheless, very complex 

to single it out as a main driving force [5]. Elsewhere, 
Mbow et al. [5] have showed that the widespread land 
degradation has often been accompanied by synchronous 
rural population growth. Generally it has been demon- 
strated that anthropogenic causes of ecosystem change, 
such as overexploitation of natural resource are deter- 
mined by population growth, demographic shifts, eco- 
nomic and technological development, cultural forces 
values and beliefs, institutions and governance structures 
as well as the interactions among all these underlying 
driving factors [9,18]. Thus, this region is the result of 
these various interactions mentioned above. The sharp 
population growth in most of the village is associated 
with a high birth rate and migration [17]. 

This demographic development has not only posed   
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Figure 4. Rate of change of land use in the estuarine area of Sassandra in 1986 and 2001. 
 

 

Figure 5. Rural population growth between 1986 and 2001 in 
Sassandra region. 
 
security, economic, social and cultural threats to the local 
population but also can be seen as driver for further pres- 
sure on scarce resources and environment degradation 
[8,17]. However, it is important to note that while land 
degradation is sometimes accompanied by population 
growth, land restoration and improvement may also oc- 
cur under such conditions [19]. Brou [8] has showed 
through a multivariate statistical study that wet forest 
reserves have played an important role in the spatial mo- 
bility of the population in Côte d’Ivoire. Land use change 
can be seen as a cause of environment degradation, but, it 
can also be interpreted as a consequence of stresses such 
as negative rainfall trends, inadequate agricultural poli- 
cies and the need to increase production to accommodate 
population growth [5]. 

4.1.3. Rainfall Dynamics 
Analysis of rainfall trends is a key element in the as- 
sessment of climate variability in this region. The com- 
parative analysis of the two precipitation input data sets 
revealed large differences both in space and in time within 
in this region on the three decade period. To understand 

the impact of environmental degradation on local climate 
variability we study by Kriging, changing Isohyets by 
decade with data from thirteen stations (Figure 6). Iso- 
hyets vary globally between 2100 and 1000 mm. From a 
decade to the other, high spatial variability isohyets were 
observed. There was a decrease of isohyets from North- 
west to Southeast. Although the decade 1981-1990 (Fig- 
ure 6(b)) was wetter, this trend is maintained. Isohyet 
1200 mm taken as reference moves regularly to stabilize 
around Sassandra city (Figure 6(c)). 

By examining the spatial evolution of isohyets, it ap- 
pears the establishment of a corridor of dry zone NE-SW 
direction (Figure 6(c)). Sassandra area behaves as a mi- 
croclimate under anthropogenic influence and marine 
variation. Reduced rainfall affects vegetation that will 
eventually disappear over time. Studying in Côte d’Ivoire 
Brou et al. [20] have linked the decline in rainfall with 
the beginning of the massive deforestation followed 
farming in the forest to the south of the country. Mon- 
teney [21] has showed that the forest ecosystem that 
borders the Gulf of Guinea recycles about 60% to 75% of 
annual rainfall; whereas annual crops that recycle 45% - 
55%. We normally observe increasingly declining rain- 
fall in this region. The annual rainfall shortage estimated 
for some countries in West Africa (Côte d’Ivoire, Burk- 
ina Faso, Mali, Senegal etc.) is 20% to 40% compared to 
the average interannual [22-24]. Rainfall trends and 
variability affect directly or indirectly various other va- 
riables, such as rainfed crop productivity, vegetation and 
soil degradation processes, reduction in the quality and 
quantity of ecosystems services, human livelihoods [6, 
7]. 

A study of the impact of this reduction in rainfall and 
its spatial distribution was conducted in Gagnoa and 
Sassandra station (Figure 7). It shows that these changes 
affect hugely consecutive duration of wet periods in this 
region. More than four months in the 50s, there has been 
a period of two months on average for the first season in 
he 2000s. In the second season, the average is reduced to t 
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(a) 

 
(b) 

 
(c) 

Figure 6. Evolution in time and space of isohyets of Sassandra station. a) Decade 1971-1980; b) decade 1981-1990; c) Decade 
1991-2000. 
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Figure 7. Number of consecutive months wet (rain ≥ ETP) in the first and second agricultural season in Gagnoa and Sassan- 
dra. 
 
one month, particularly in the station Sassandra. 

This situation will influence agricultural production in 
this region. The combination of climate variability, cli- 
mate change, population growth (migration), an increase 
of arable land needs populations, forest clearing for new 
crops and uncontrolled management of natural resources 
seem to altering the balance nature of this region and 
amplify the vulnerability of soils [5,17,25,26]. 

The analysis of climate risk in the agricultural is based 
on the example of the two stations: Gagnoa and Sassan- 
dra. The analysis of the Figure 8(a) indicates that at 
Gagnoa the first growing season began in the second 
decade of March and ends in the second decade of July, 
about four months in the period 1951-1970 as noted by 
Brou [8]. Figure 8(a) shows that the very wet phase (P 
>= ETP) varies with time in the station Gagnoa. It is 
more than four months in the first growing season and 
reduced around three months in the second period from 
1951 to 1970. During the period 1970-2000, there was a 
reduction of these wet periods. At the Sassandra station 
(Figure 8(b)), wet periods are reduced respectively to 
three months in the first season and one months and half 
for the second season in the period 1951-1970. From 
1970 to 2000 the first season is reduced to two and half 
months and the second in one month. 

 

 

Figure 8. Variation in very wet periods at Gagnoa and Sas- 
sandra station. 
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The choice of a probability (p), reflecting the risk of 
more or less complete loss of the crop due to water 
shortages, acceptable to the farmer, sets the correspond- 
ing period of rainfed. Rainfed agriculture is increasingly 
threatened in the southwest of Côte d’Ivoire. The prob- 
ability is that a loss of crops every third month has be- 
come very high in the period 1970-2000, especially in 
the area of Sassandra. 

Indeed, Brou [8] has shown that, in a study of the 
variability of growing seasons in the period 1970-1996, 
the second growing season debuted 20 days later. This 
situation can have redhibitory effects on the crop. In the 
context of reducing the growing season, the risk of crop 
loss is becoming increasingly important for rained crop 
whose cycles extend beyond 100 days. The risk also ex- 
ists for perennial crops since the water needs are less 
satisfied during the flowering period (May and June) [8]. 
Crop vulnerability is accentuated by the reduction of 
forest, agricultural land subject to agricultural strong 
population pressure. Moreover, Panahi et al. [27] has 
shown in their study that the intensity of the peak floods 
has increased, while the agricultural lands showed in- 
crease in the basin. One of the key factors influencing the 
susceptibility of a region to soil erosion is land cover 
[28]. 

Indeed, Environmental degradation is a complex issue 
linked to much more than climate change and variability. 
If political, social and economic aspects are dismissed in 
the analysis an incomplete picture of current and histori- 
cal changes is obtained according to Mbow et al. [5]. 
This environmental change may be caused internal as 
well as external factors. Environmental change in the 
study area over the last decades may be regarded as “land 
degradation” defined as a reduction in the biological or 
economic productivity of the land caused by a range of 
processes including rainfall reduction, soil nutrient de- 
pletion of croplands, overuse of natural vegetation which, 
in turn, may have caused such as increasing population 
pressure. All these factors act directly as well as indi- 
rectly and interact with each other. In fact, it’s known 
that, due to the large surface area of their canopies, for- 
ests have an important impact on hydrological processes 
at the atmosphere-land interface [29-31]. Earlier research 
on environmental and land use change has been based on 
an analytical framework which places peoples liveli- 
hoods at the center [32,33]. This paper tries to demon- 
strate the high complexity of the rural “system”, includ- 
ing the bio-physical changes, the internal and external 
drivers of change. 

5. Conclusion 

Using remote sensing based on land cover change analy- 
sis, climatic data, national statistical data; we analyzed 
the drivers of environmental change in the Southwestern 

of Côte d’Ivoire. With Geographic Information System 
analytical tools, the present study enables to monitor spa- 
tial and temporal land cover changes in Sassandra region. 
This study was conducted using two Landsat Thematic 
Mapper (TM) images acquired in the years 1986 and 
2001, climatic data in the years 1950 to 2000 at Gagnoa 
and Sassandra station. Demographic data concern statis- 
tical yearbooks of General Census of Population and 
Housing in 1988 and 1998. 

The structural changes in the agricultural sector ob- 
served since independence of Côte d’Ivoire (1960) have 
been imposed by several new challenges such as the 
rainfall decline since 1970s and local socio-economic 
factors. The agricultural development outlined has taken 
place, in this region, with little concern for ecological 
factors. Thus, observed environmental trends in south- 
western Côte d’Ivoire are results of a set of partly inter- 
related human and natural factors. Changing in climatic 
and environmental conditions observed during the last 
three decades was accompanied by a significant spatial 
mobility of rural populations. The pressure exerted by 
these populations on forest resources, leads to inevitable 
changes in Ivorian forest. Consequently, Adapted strate- 
gies for forest management are necessary to mitigate ad- 
verse effects of climate change. 
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