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Abstract   
The study entitled '' Redefinition of homogeneous climate zones in Côte d'Ivoire in a context of climate change '' aims to update 
the division of Côte d'Ivoire's climate zones in the current context marked by disruptive effects of climate change. To achieve 
this, the representation of Gaussen ombrothermal diagrams and principal component analysis was used. The results identified 
three climatic regimes across the ivorian territory and grouped into four climatic regions. 
A first zone of coastal and equatorial climate located in the South and bordering the Ivorian coast has a bimodal rainfall regime 
and comprises four seasons including two rainy seasons and two dry seasons. 
A second region with an equatorial transition climate is located in the central part of the country. The precipitation regime is 
bimodal and involves a great rainy season and a long dry season 
Then, comes a third zone corresponding to the wet and dry tropical climate located in the northern part of the country. The diet 
in this third climatic zone is unimodal with a long rainy season and a long dry season. Finally, it appears a fourth climatic region 
corresponds to the mountain climate. Its rainfall pattern is similar to that of the humid and dry tropical climate. Finally, it appears 
a fourth climatic region corresponds to a mountain climate. Its rainfall pattern is similar to that of the humid and dry tropical 
climate. 
However, although the number of the four climatic regions is conserved at the end of our study, there are many divergences in 
their spatial extension and temporal variability. 
In fact, the area defined by the coastal and equatorial climate has declined considerably in favor of the equatorial climate of 
transition and the humid and dry tropical climate respectively. 
 
Index iterm: climatic zones, climates, redefinition, Ivory Coast, climate change 

——————————      —————————— 
  
INTRODUCTION 
Climate plays an important role in earth life. 
Indeed, natural resources (water, forest,) and 
economic activities and even humans depend in 
part on its variations. It is with its strong variable 
character and determining in the daily life that its 
control is a necessity. 
In all the countries of the world, climatic zonings 
have been made to bring the agricultural world 
especially to enjoy the benefits of certain climatic 
variables such as temperature and precipitation. 
It is for this reason that in West Africa, the study 
of climates has always been a concern for 
researchers whose research is fourfold. 
In fact, the first group carried this research on 

knowledge of climates, seasons and their 

characteristics [1, 2, 3, 4].  

The second group of researchers [5, 6, 7, 8, 9, 10, 
11, 12] focuses on the study of climate variability 
and its impacts on water resources. 
The third category of researchers converges their 
efforts on understanding the mechanisms that 
cause climatic variations [13, 14, 15, 16, 17, 18].   

Finally, the last batch of researchers is studying 
the modeling of West African climates in a 
perspective of climate prediction for the 21st 
century through global climate models [9, 10, 19, 
20, 21] and regional climate models [18] ; [22, 23, 
24, 25, 26]. 
These studies have shown that West African 
climates are undergoing disturbances of climate 
change. Indeed, there are decreases in 
precipitation, late starts and early endings of 
precipitation and rising temperatures. This 
situation of unstable rainfall is hampering 
farmers 
Indeed, in several African countries in general, 
and in Côte d'Ivoire in particular, agriculture is 
one of the most important sectors of the Ivorian 
economy. It plays a crucial role in the country's 
economic development and still contributes 
significantly to gross domestic product (GDP) as 
in many African countries. Climate is the primary 
determinant of agricultural productivity and has 
a major influence on food production and the 
economy as a whole. 
Similarly, [27] have shown that agriculture in 
West Africa, vital to the local population, is 
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extremely dependent on the rainy season and 
requires a good understanding of the seasonal 
cycle of rainfall. Indeed, the populations of these 
countries are predominantly rural and operate 
production systems whose performance is closely 
linked to climate [28]. In this context, the impact 
of climate change on rainfall regimes and 
agriculture is a subject of great importance, and 
has already motivated a relatively abundant 
literature [29]. 
In Côte d'Ivoire, hydroclimatic classifications and 
climatic zonings have already been proposed at 
the national level [1, 2, 3, 4]. 
However, these classifications present 
weaknesses today because the study periods are 
outdated and no longer suitable for the current 
context marked by climate change. In addition, 
the number of climatic parameters used is 
insufficient even when the period of the study is 
recent. For all these reasons, we add the 
methodologies used which differ from one study 
to another. It is for all these reasons that this 
study proposes to redefine homogeneous climatic 
zones in a context of climate change by correcting 
the shortcomings of the previous studies but also 
based on new methods of classification of 
climates 
 
1. MATERIAL AND METHOD 
This paragraph develops all the data and 
methods used for the redefinition of climatic 
regions in Côte d'Ivoire 
 
1.1. Material 
The material used consists essentially of climatic 
data plus statistical processing tools 
 
1.1.1. Study data 
Classification of climatic zones has been possible 
thanks to temporal characterization and spatial 
characterization of climates. 
For the temporal characterization, the data used 
are the daily rainfall and the decadal 
temperatures from 1980 to 2000 of the various 
rainfall stations and synoptic stations of Côte 
d'Ivoire. 
For spatial distribution, the annual values of 
climatic parameters of the fourteen synoptic 
stations of Côte d'Ivoire were used. These are 
relative humidity, precipitation, temperature, 
insolation, wind speed, potential 
evapotranspiration (PET), latitude and altitude of 
rainfall stations, pressure, number of rainy days, 
temperature and temperature range. 

These data were provided by the Airport 
Exploitation and Development Company, 
Aeronautics and Meteorology (SODEXAM) 
which is the main manager of the network and 
climate data in Côte d'Ivoire.  
The choice of the different climatic and rainfall 
stations as well as the period of the study was 
guided by the need to have good quality data 
over a long period but also to obtain the most 
homogeneous coverage possible throughout the 
country. Figure 1 shows the nature and spatial 
distribution of these stations. 

 
Figure 1: Location of the synoptic and rainfall 
stations studied 
 Caption: in blue: synoptic stations; in red: rainfall 
stations 
 
1.2.1. Informatics tools 
Data processing for this study was done using 
software such as: 
- Microsoft Excel 2013 for the realization of 
various calculations, tables and graphs; 
- XLSTAT 2017 for conducting a principal 
component analysis from a matrix of data on the 
variables characteristic of the synoptic stations in 
order to determine the relationships between the 
variables and / or the opposition between the 
individuals; 
- Surfer 8.02: for the division of the different 
homogeneous climatic zones and the realization 
of the different thematic maps of the study. 
 
1.2. Methods 
1.2.1. Characterization of the variability of the 
annual climate cycle 
The temporal variability of the annual cycle of 
the climate was done using the ombrothermic 
diagram or diagram of [30]. This diagram makes 
it possible to define, for each station, the rainy 
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and dry seasons, based on the comparison of 
monthly average temperatures (T in ° C) with 
those of precipitation (P in mm). 
The principle of this method is to represent on 
the same graph the temperature and the 
pluviometry in ordinate for the 12 months of the 
year in abscissa. The scales taken on the ordinate 
are such that 1 ° C corresponds to 2 mm of 
precipitation. Thus, according to [31], a month is 
dry when "P is less than or equal to 2T". 
Conversely, when "P is greater than 2T", the 
month is considered wet. 
For [32] and [33], a period is wet when the 
precipitation curve passes above the temperature 
curve and a period is dry in the opposite case. 
This diagram also shows the evolution of the 
temperatures and the precipitation regime 
 
1.2.2. Climate Regionalization by Principal 
Components Analysis 
Principal component analysis (PCA) is probably 
the most widely used multivariate statistical 
technique in the atmospheric sciences [34, 35]. 
The goal of this technique is to transform a 
database containing a large number of variables 
into one that contains only a small number of 
new variables, while retaining much of the 
original variability [36]. This facilitates the 
identification of factors that may explain a 
phenomenon. In addition, the principal 
components analysis makes it possible to 
eliminate any correlation between components, 
which represents a significant advantage in 
climatology, where one is often faced with a 
situation of collinearity [37]. 
These new variables are called "principal 
components" or main axes. It makes it possible to 
visualize synthetically a set of quantitative 
variables measured on a set of individuals, and to 
see how individuals position themselves in the 
links between these variables. In addition, it can 
help to determine the factors that influence their 
spatial variability. 
The analysis of the data thus essentially aims to 
describe the links between the variables and the 
observations of our matrix of data, this matrix 
consists of p dimensions and N individuals. 
The selection of variables plays an important role 
in data preprocessing because it allows to 
eliminate from the correlation matrix after a first 
simulation the variables that are not 
representative (correlation <0.5). Only indices 

with strong contributions will be used for further 
analysis. For this, we selected eighteen (18) 
relevant variables observed at the annual time 
step on 14 synoptic stations (Figure. 1). These 
include precipitation, temperature, insolation, 
humidity (minimum, average and maximum), 
number of rainy days, pressure, wind speed, rain 
(minimum, and maximum), and number of dry 
months, evapotranspiration and thermal 
amplitude. To these climatic parameters, other 
parameters such as latitude, altitude and 
longitude have been added. These parameters 
will be reduced gradually after simulation to 
remain only the most significant. 
The processing of the PCA data was done with 
the XLSTAT 2017 software. 
 
2. RESULTS AND DISCUSSION 
2.1 Characterization of the temporal variability 
of the seasons 
The construction of the ombrothermic diagrams 
made it possible to distinguish three climate 
regimes in Côte d'Ivoire. These are, respectively, 
the unimodal rainfall regime (North), bimodal at 
two seasons (Center) and bimodal at four seasons 
(South). 
  
2.1.1. Two-season unimodal rainfall regime 
The unimodal regime is located in the northern 
part of the Ivory Coast (Figure 2). It covers 
localities us Bouna, Ferkessedougou, Ouangolo, 
Korhogo, Boundiali, Seguela Tengrela, Odienné. 
The seasonal evolution of precipitation in this 
zone makes it possible to distinguish two very 
contrasting seasons, one of which is dry and the 
other humid. The dry season is longer with an 
average duration of five months, or about 150 
days. It occurs from November to March and is 
very sparsely watered with average monthly 
rainfall in the order of 13.46 mm. 
As for the rainy season, it lasts on average seven 
months or 210 days. It starts in mid-March or 
even April and ends in the course of October. The 
maximum water levels are reached in August for 
all stations except the station of Ferkessédougou 
which has its maximum rainfall in September. 
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Figure 2: Ombrothermal curves showing the 
unimodal rainfall regime in some localities of 
northern Côte d'Ivoire 
 
2.1.2. Four-season bimodal rainfall regime 
The second group of rainfall stations is composed 
of Abidjan, Adiake, Sassandra, San Pedro, Grand 
Lahou, Agboville, Adzope, Tiassale and Dabou 
stations (Figure 3). 
The latter have a bimodal rainfall pattern 
characterized by two dry seasons and two 
distinct rainy seasons. 
In the rainy seasons, the first usually starts in 
mid-February and ends in late July and lasts 5 
months overall. The second rainy season is 
shorter and lasts 3 months (September, October, 
and November). 
The rainy seasons are separated by two dry 
seasons, the largest of which starts in December 
and ends in February, ie three months. The short 
dry season called inter-season is very short 
centered on the month of August. However, 
whether it is the rainy seasons or the dry seasons, 
their durations vary according to the localities. 
 
 
 
 
 
 
 
 
 

 
Figure 3: Ombrothermal curves showing the 
unimodal rainfall regime in some localities of 
southern Côte d'Ivoire 
 
2.1.3. Two-season bimodal rainfall regime 
Between these first two sets is inserted a third 
group of rainfall stations whose seasonal 
evolution of rainfall has a bi-modal trend. These 
are the Yamoussoukro, Dimbokro, Bondoukou, 
Gagnoa, Daloa, Bouake, Katiola, Abengourou, 
Agnibilekro, Dabakala, M'bahiakro, and 
Bongouanou stations 
In fact, precipitation curves are bimodal in a 
single, large rainy season that usually starts in 
early March and ends in November. It lasts on 
average 8 months with a slight depression in 
July-August. The analysis of the precipitation 
curve reveals two peaks, the first in June and the 
second in September with a decrease in 
precipitation in August which gives it the 
character of a bimodal regime. However, in the 
plot of ombrothermal curves, that of precipitation 
remains above the temperature curve since the 
beginning of the rainy season until its end. Thus, 
the month of August cannot be qualified as a dry 
month despite the decrease in rainfall. 
As for the dry season, it lasts about three months, 
from the beginning of December to the end of 
February. 
However, within this transitional climatic zone, 
there are variations in rainfall patterns, in the 
amount of water precipitated and in the duration 
of the seasons, depending on whether or not the 
locality is close to one of the first two climatic 
zones. 
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Figure 4: Ombrothermal curves showing unimodal 
rainfall in a few localities in central Côte d'Ivoire 
 
2.2. Regionalization of climatic parameters by 
principal component analysis 
At the end of the temporal distribution of the 
seasons in Côte d'Ivoire, it is important to know 
the localities whose climatic parameters have 
affinities or zones whose spatial variation of 
climatic parameters is identical. 
For this purpose, the principal components 
analysis was used. It allowed us not only to 
define the factorial axes or factors responsible for 
this distribution and, therefore, to highlight the 
affinities between the different stations with a 
view to reconstructing their spatial distribution. 
 
2.2.1. Analysis of eigenvalues 
Table 1 expresses the eigenvalues of the matrix of 
correlation coefficients, the percentage of 
variance explained as well as the cumulative 
variance of each axis. Thus, the results of 
principal component analysis (PCA) reveal that 

the first three components explain 84.73% of the 
total variance, with 55.52% for the first axis, 
17.92% for the second, and 11.27% for the third 
axis. Thus, these three axes were taken into 
account because according to the Kaiser rule, the 
eigenvalues greater than the mean of the 
eigenvalues of the eleven factorial axes are 
retained. This average is 1 in the case of this 
study. 
 
Table 1: Characteristic values of the three selected 
factorial axes 

 
 
2.2.2. Climate regionalization using principal 
component analysis 
This representation is intended to provide 
approximate flat images of the cloud of stations 
(individuals) located in the factorial plane. Before 
the regrouping of the stations, it was highlighted 
the climatic variables which characterize the 
climatic stations of Côte d'Ivoire (Figure 5). 
Thus, Korhogo and Odienné stations located on 
the positive part of axis I are characterized by 
parameters such as annual insolation (an.I), 
latitude, thermal amplitude (TA), potential 
evapotranspiration (PET) and altitude. On the 
negative part of axis 1, climatic variables 
influencing the stations (Abidjan, San Pedro, 
Tabou Adiake) are pressure, relative humidity 
(Hr) and annual rainfall (AR) and number of 
rainy days (Nbrd). 
At axis 2, the Dimbokro station is characterized 
by high values of average temperature (Tm) and 
high wind speed (Wsp) while on its negative 
part, the stations of Gagnoa, Man and Daloa are 
weakly correlated by low mean temperatures 
(Tm), low wind speed (Lwsp) and significant 
numbers of rainy days. 
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Figure 5: Relationship between climate variables 
and weather stations in Côte d’Ivoire 
 
After linking climatic variables and climatic 
stations, it is important to group climate stations 
with similar climatic characteristics. 
Thus, the factorial plane I-II makes it possible to 
distinguish three groups of stations (Figure 6). 
Indeed, the axis I of this factorial plan opposes 
the stations located in the south of Ivory Coast 
(Abidjan, Sassandra, Adiake, San Pedro, Tabou) 
to those of the North notably the stations of 
Khorogo, Odienné, Bouaké and Bondoukou. 
Stations in the South are characterized by high 
relative humidity values, large numbers of rainy 
days and high pressures. On the other hand, 
those of the North are rather influenced by high 
thermal amplitudes, low relative humidity, 
latitude and annual insolation. 
 Axis II also makes it possible to distinguish two 
types of stations. These are the resorts located in 
central Côte d'Ivoire. These are the Man, Daloa 
and Gagnoa stations characterized by significant 
numbers of rainy days, low average 
temperatures, and low wind speeds. The 
Dimbokro station is influenced by high average 
temperatures and low numbers of annual rainy 
days.

 

Figure 6: Projection of parameters on factorial plane 
I and II 
At the level of the factorial plane I-III (Figure 7), 
axis I keeps the structure similar to plane I and II 
except that the Bondoukou station deviates from 
this axis. 
Regarding Axis III, it opposes the stations of 
Daloa, Gagnoa, Yamoussoukro, Bondoukou, 
Dimbokro to that of Man. In fact, the first groups 
of stations in axis III are characterized by low 
values of annual rainfall, insolation, number of 
rainy days and wind speed. The isolation of the 
Man station is explained by the fact that this 
station is strongly correlated with the lowest 
temperatures and also by the relatively large 
number of rainy days like the stations of the 
South of the country. 

 
Figure 7: Projection of parameters on factorial plane 
I and II  
 
In the factorial F2-F3 (Figure 8), the distribution 
of individuals is much more confused because 
there is no significant correlation between the 
variables and the factorial axis III. Moreover, the 
low percentage of inertia of the factorial plane F1 
and F2 (29, 2) explains this situation. Indeed, the 
minimum average required for a better 
interpretation is 50%. 
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Figure 8: Projection of parameters on factorial plane 
II and III 
 
2.3. Distribution of climatic regions of Côte 
d'Ivoire 
This section combines both the results of the 
principal component analysis and Gaussen 
ombrothermal diagrams. Indeed, the 
ombrothermic diagrams have highlighted three 
climatic regimes in Côte d'Ivoire and makes it 
possible to obtain three climatic regions. In 
addition, the application of PCA has identified 
the same climatic zones but also to distinguish a 
zone particularly influenced by the relief 
corresponding to the region of Man.  
The synthesis of the different results made it 
possible to obtain the climatic zoning of Côte 
d'Ivoire presented in figure 9.     
               

 
Figure 9: Presentation of the climatic regions of Côte 
d'Ivoire 
Legend: orange: Sudanese climate dry and wet; green: 
equatorial transition climate; blue: coastal and equatorial 
climate; yellow: mountain 
 
Using Figure 9, a climatic zoning of the Ivory 
Coast carried out thus obtaining four 
homogeneous climatic regions in the current 
context influenced by the climatic changes (figure 
10).  
Thus, we can distinguish the humid and dry 
tropical climate, the equatorial transition climate, 
the coastal and equatorial climate and the 
mountain climate. The characteristic parameters 
of each climate zone are shown in Table 2 below. 
 

 
Figure 10: Updated climate zoning of Côte d'Ivoire 
 
Table 2: Characteristic parameters of climatic 
regions of Côte d'Ivoire 

 
 
2.2. Discussion 
The study of the redefinition of Côte d'Ivoire's 
climatic zones covered both the temporal and 
spatial variability of climatic regimes and 
climatic zoning of Côte d'Ivoire. 
With regard to the temporal variability of the 
seasons and their regime, the realization of the 
ombrothermic curves made it possible to 
distinguish three climatic regions over the whole 
country. The first climatic region is located in 
North-West. 
This climatic zone has a unimodal rainfall pattern 
and has a dry season and an average rainy season 
of 5 and 7 months, respectively.  
 Indeed, the dry season usually starts at the 
beginning of November and ends at the end of 
March. The rainy season begins in the course of 
April and stops at the end of October.  The 
second climatic region is located in the south of 
the country and extends from east to west along 
the coast. It also shows a well-marked four-
season bimodal rainfall regime, two of which are 
wet and two dry. It brings together Côte d'Ivoire 
resorts. Between these two major zones is a third 
zone, which corresponds to a transition zone 
whose regime is bimodal but includes a rainy 
season and a dry season. In view of these results, 
there are common features and divergences with 
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earlier work by [1, 2, 3, 4]. Indeed, all have shown 
that there are three climatic regimes in Côte 
d'Ivoire. 
The difference is in the spatial boundaries of each 
climate zone, the length of the seasons, the 
number of seasons, and the amount of rainfall 
that has fallen. These various results are justified 
by the fact that the periods of study and the 
methodologies used are different. 
[1], based on water deficits from 1950 to 1966, 
and the distribution of vegetation in Côte 
d'Ivoire, identified a transition zone with a 
bimodal precipitation regime with 2-4 seasons in 
the year the localities then we found two. This 
reduction of seasons from 4 to 2 in some localities 
related to the combined effect of variability and 
climate change as meant in several studies [9, 38].  
Moreover the geographical limits of this one of 
the different zones have strongly changed. These 
changes are logical because the two periods of 
study are located at the other and of the year 
1970 which is the pivotal year of the climatic 
breaks in West Africa and in Ivory Coast in 
particular. 
According to several studies on climate 
variability in West Africa, the period before 1971 
was wetter and the one after is dry [1, 6, 7, 8, 9, 
11, 38]. 
For [3], the period of study is 1950-1997 and 
includes the study period of [1] and ours. To this 
end, he finds three rainfall regimes whose 
boundaries are different from those of [1] and the 
limits found in this study. 
As for [4], they determine four climate zones 
with only two climatic regimes, one of which is 
four seasons and the other two seasons. 
In Côte d'Ivoire's climatic zoning related to 
precipitation regimes, this study has associated 
the main component analysis, which involved 
eleven climatic parameters (annual rainfall, wind 
speed, latitude, altitude, relative humidity, 
annual insolation, temperature, pressure number 
of days of rain, potential evapotranspiration and 
temperature range. 
The cross analysis of the different factorial axes of 
the principal component analysis (PCA) 
allowed to identify four climatic regions, three of 
which are consistent with the climatic regimes 
already identified, and a mountain climate in the 
western part of Côte d'Ivoire characterized by 
parameters such as altitude, humidity and 
temperature. 
The cross analysis of the different factorial axes of 
the principal component analysis allowed to 

identify four climatic regions, three of which are 
consistent with the climatic regimes already 
identified, and a mountain climate in the western 
part of Côte d'Ivoire characterized by parameters 
such as altitude, humidity and temperature. 
 
5. CONCLUSION 
The study entitled "redefinition of homogeneous 
climatic zones in Côte d'Ivoire in a context of 
climate change" aimed to propose a new division 
of Côte d'Ivoire into climatic regions following 
the upheaval of climates in the world particularly 
west. Based on the Gaussen ombrothermal 
diagrams of the Principal Component Analysis of 
12 climatic parameters, four climatic regions were 
found. A coastal and equatorial climate located to 
the south and bordering the Ivorian coast has a 
four-season bimodal rainfall regime including 
two rainy seasons and two dry seasons. A second 
region with an equatorial transition climate is 
located in the central part of the country. The 
precipitation regime is bimodal and involves a 
great rainy season and a long dry season. Then 
comes a third zone corresponding to the wet and 
dry tropical climate located in the northern part 
of the country whose rainfall is unimodal with a 
long rainy season and a long dry season. Finally, 
the fourth climatic region corresponds to the 
mountain climate and is similar from the point of 
view of the precipitation regime to humid and 
dry climate. However, although the number of 
the four climatic regions is conserved at the end 
of our study, there are many discrepancies both 
in terms of spatial extension and their temporal 
and regime variability. This study has therefore 
made a significant contribution to the knowledge 
of the spatial and temporal distribution of the 
Côte d'Ivoire's homogeneous climatic zones and 
constitutes for this purpose an important tool for 
the agricultural world, which still depends on the 
climate. 
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