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Abstract: The impact of climate variability on agriculture in Côte d'Ivoire requires updating climate 
information and assessing its effects on agricultural seasons. To this end, rainfall and temperature 
data covering the period 1971-2020 were analyzed, calibrated, and statistically validated using 
absolute and relative deviations, Pearson's correlation (R²), and RMSE. Potential evapotranspiration 
requirements were estimated using the Thornthwaite method, and Nicholson indices were 
calculated. Climate projections for 2050 and 2100 according to the RCP 4.5 and 8.5 scenarios were 
established, while geostatistical methods based on the semivariogram were used to spatialize the 
data and obtain reliable spatial references. The results reveal interannual variability in precipitation 
with a general downward trend and an average increase in temperatures until 2010, followed by 
stabilization around 26°C. According to scenarios RCP 4.5 and 8.5, monthly temperatures in Bouaké 
could increase by 0.88 to 6.79°C by 2050 2100, while annual precipitation is expected to decrease 
slightly (by 0.9 to 1.71 mm/year) while exhibiting increased variability. Although the impact on the 
length of growing seasons is relatively small, rising temperatures and unstable rainfall patterns 
underscore the need to promote agricultural practices that are resilient to climate change.  
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1. Introduction 

Climate change has significant negative impacts on agriculture in West and Central Africa, leading 
to major yield reductions in both the near and far future (Alimagham et al. 2024). In West Africa, 
particularly in Côte d'Ivoire, climate variability is reflected in pronounced fluctuations in key 
parameters such as rainfall and temperature (Kouman et al., 2022). These changes are reflected in a 
downward trend in precipitation, a rise in average temperatures, and disruption to agricultural 
seasons (Kouassi et al., 2022). However, climate remains a major determinant of agricultural 
production and has a significant impact on the distribution of farming activities. Local communities 
perceive these changes as direct threats to agricultural yields and, consequently, to household 
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incomes (Kouamé et al., 2018). In this context, climate studies are essential for linking climate change 
to agricultural dynamics, better understanding the risks faced by rural communities, and proposing 
appropriate and forward-looking responses.  
However, several of these studies on agricultural practices adopt a diachronic approach, comparing 
periods before and after observed breaks in rainfall series to better understand evolutionary 
dynamics and guide adaptation strategies (Dekoula et al., 2018). Other synchronic studies are limited 
to analyzing the influence of climate variability on crops (Kouamé et al., 2018), without fully 
integrating a forward-looking perspective. However, detailed analysis of local climate dynamics is 
essential for developing effective adaptation strategies to address poverty, food security, and climate 
change issues. The central issue is therefore to determine the extent to which climate change could 
alter the length of the agricultural season in central Côte d'Ivoire, based on different RCP scenarios. 
The objective of this study is therefore to highlight the likely changes in growing seasons caused by 
current changes in climate parameters in the Bandama Valley district (central Côte d'Ivoire). 

2. Materials and Methods  

2.1. Presentation of the Study Area 

Located in the center of Côte d'Ivoire, the Bandama Valley District is made up of two regions (Gbêkê 
and Hambol), covers an area of 28,283.9 km2 and extends between 3°50 and 5°45 West longitude and 
7°15 and 9°45 North latitude (Figure 1) 

 

 
Figure 1. Map of the Bandama Valley District Africa (Source: Authors) 

It is a rather heterogeneous area with the pre-forest transition zone in the South and the humid 
tropical savanna zone in the North. Its climate is influenced by the oscillations of the Intertropical 
Front (ITF) with the transition from a bimodal regime in the South to a monomodal regime in the 
North. The area is watered by the tributaries of the Bandama (to the West) and N'Zi (to the East) 
rivers, whose hydrological regimes are based on the climatic regimes. On the human level, the study 
area is home to 1,964,929 inhabitants, or 6.69% of the resident population in Côte d'Ivoire (INS, 2022).  
The Bandama Valley District, with Bouaké as its capital, is an important pillar of the local economy 
and a cosmopolitan area strongly marked by immigration, whose population consists of indigenous 
people (Baoulés and Senoufos), allochthones (mainly Malinkés) and numerous allogènes (Burkinabés 
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and Malians). Despite pockets of industrialization (particularly agro-industries located in Bouaké and 
Katiola) and public measures aimed at diversifying the economy, agriculture remains the main 
activity of the population (Koffi et al., 2019). Unfortunately, this agriculture remains dependent on 
environmental conditions (Timité et al., 2022). 

2.2. Study Data 

2.2.1. Observation Data and Choice of Analysis Period 

The rainfall data used come from the database of the National Meteorological Directorate (DMN) of 
Côte d'Ivoire located within the Airport and Meteorological Operations and Development Company 
(SODEXAM) and the Central Laboratory, Soils, Water and Plants (LCSEP) of the National 
Agricultural Research Center (CNRA). The choice of stations was guided on the one hand by the 
availability and quality of chronological data and on the other hand by considering their 
representative character of the entire study area. In doing so, data from three rainfall stations 
(Béoumi, Dabakala and Niakaramadougou) and a synoptic station were selected over the period from 
1971 to 2020 for the analysis. Indeed, since the objective of this study is not to carry out a diachronic 
study, the application of the Pettitt test made it possible to choose the year 1971 as the starting point 
of the observations. This non-parametric test revealed breaks in the series around the 1970s (1967 for 
Béoumi, 1968 for Niakara, 1970 for Dabakala and 1972 for Bouaké), periods also identified in non-
Sahelian West Africa by Gautier et al. (1998). Also, temperature data from the four (04) stations 
mentioned above were used. They were acquired over the same period.  
To fill in the gaps in the time series, land surface temperature (LST) data were extracted from satellite 
images from NASA's POWER (Prediction of Worldwide Energy Resources) platform 
(https://power.larc.nasa.gov/). The data from the virtual station grid were calibrated and validated 
using the Bouaké station, chosen as a reference for the completeness of its temperature series. The 
analysis revealed a systematic bias in the satellite values, overestimating temperatures by an average 
of 2.8°C. The formula used is as follows:  

 
𝑏 = 𝑣ᇱ − 𝑣 (1) 

Where: b = biases observed in the series: 
v' = value extracted from satellite imagery; and 
v = observed value.  

This biased data was corrected by a statistical adjustment, and the calibrated data was then compared 
to the Bouaké observations using the correlation coefficient (R²) and the root mean square error 
(RMSE). The formula used to calculate the root means square error is as follows:  

𝑅𝑀𝑆𝐸 =  ඨ
1
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Where a = predicted value and  
a = observed value  

The results showed a strong correlation (R² > 0.7) and a significant reduction in discrepancies, 
confirming the reliability of the adjustment. This approach was then applied to neighboring stations 
lacking complete measurements, ensuring series consistent with ground observations.  

2.2.2. Climate Projection Data 

Since the late 1990s, publications on climate change have multiplied, revealing growing concern 
about the future of the climate (Masson-Delmotte, 2024). To this end, climate models through 
scenarios (SRES and RCP) have been developed considering the new context of global development, 
particularly the evolution of greenhouse gas concentrations. 
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For this study, the RCP 4.5 and RCP 8.5 scenarios were adopted primarily because of their 
widespread use in climate projections for West Africa and because they provide contrasting 
emissions trajectories. Second, the RCP 4.5 scenario reflects a stabilization scenario with mitigation 
policies, while the RCP 8.5 scenario represents a high-emission trajectory. Finally, combining them 
allows us to capture a wide range of plausible future climates, ranging from moderate to extreme 
conditions, thus enabling a robust assessment of the system's vulnerability (Gyamfi et al., 2024; 
Amichiatchi et al., 2024). The simulated and projected data concern average precipitation, minimum 
and maximum temperatures at monthly and annual time steps over a chronological series from 1971 
to 2020. They were provided by the Coupled Model Intercomparison Project, CMIP5 (Coupled Model 
Intercomparison Project, version 5). It is a web interface that stores and manages queries in a large 
suite of climate observation data as well as future climate projections downloadable online: 
http://cip.csag.uct.ac.za.  

2.3. Analysis Methods 

2.3.1. Interannual Variability of Precipitation 

This analysis highlighted periods of excess and deficit rainfall on a spatio-temporal scale. The 
evolution of precipitation was characterized by the method of calculating reduced centered indices 
(Nicholson Index). This index allows us to follow the sequential evolution of rainfall. It is the ratio of 
the difference between the annual precipitation height at station i and the average annual 
precipitation height 1 to the standard deviation over the given period. These annual rainfall indices 
are calculated from the formula proposed by Nicholson et al. (1997): 

𝐼௜ =
௑௜ି௑ത

ఙ
, (3)

Where: 
• Ii = Rainfall index of year i or Nicholson Index. 
• Xi = Annual rainfall of year i; 
• 𝑋ത = Interannual average rainfall over the study period. 
• σ= Value of the standard deviation of rainfall over the study period. 
 

The results of the calculated indices were classified according to the characteristics proposed by Faye 
et al. (2015). 

 
Table 1. Classification of Humidity or Drought According to the Values of the Nicholson Indices Source: 

Faye et al. (2015) 

Nicholson Index Class (I) Degree of Drought/Humidity 

I > 2 Extreme humidity 
1 < I < 2 Strong Humidity 
0 < I < 1 Moderate humidity 
-1 < I < 0 Moderate drought 
-2 < I < -1 Strong Drought 

I < -2 Extreme drought 
 

According to Kanga et al. (2018), negative indices indicate a downward trend while a positive index 
indicates an upward trend compared to the normal represented by the value 0. Thus, to have a better 
observation of interannual fluctuations, moving average curves were used. 
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2.3.2. Determination of Growing Seasons 

Three methods are commonly used to determine agricultural seasons in tropical regions. The first is 
Franquin's method, which identifies seasonal segments by cross-referencing precipitation and 
potential evapotranspiration curves (Gnangouin et al., 2023). The second, proposed by Gaussen, is 
based on the relationship P = 2T and allows for climate classification using ombrothermic indices of 
aridity or humidity. Finally, the third method is based on the analysis of the temporal organization 
of seasonal accumulations, in particular the start and end dates of the rainy season, as well as the 
duration of wet periods (Félicien et al., 2020). In this study, Franquin's method was preferred because 
of its simplicity of application and its high agroclimatic relevance. By providing a clear reading of 
growing seasons based on basic climate data, it is a reliable reference for seasonal analysis in tropical 
areas. It is therefore particularly suitable for agroclimatic studies, agricultural activity planning, and 
climate change impact assessment. It is also the most widely used method in intertropical regions. 
This crossing makes it possible to determine the remarkable climatic events which define the pre-
humid, humid and post-humid periods of the growing seasons (Diomande et al., 2016). The growing 
season begins with rainfall greater than PET/2 and ends when it is less than PET/2. The Franquin 
method allows us to propose a cropping calendar based on rainy and humid periods as delimited: 

• Pre-humid period: A2 B1 with P < PET, so Actual Evapotranspiration (AET) < PET. 
• Humid period: B1 B2 with P > PET, so AET = PET. 
• Post-humid period: B2 C2 with P < PET, so AET < PET. 

PET was calculated by the Thornthwaite method (1948, cited by Mutondo, 2018). The Thornthwaite 
method (1948) was chosen for calculating potential evapotranspiration (PET) because of its simplicity 
and the limited availability of climate data. This empirical approach requires only the average 
monthly temperature and latitude, making it particularly suitable for contexts where meteorological 
data are limited. Unlike more complex methods such as Penman-Monteith, which require accurate 
measurements of solar radiation, relative humidity, and wind speed, the Thornthwaite method 
remains applicable in the absence of these parameters (Kumar et al., 1987; Nicholson et al., 1997). PET 
was calculated using the following formula: 

PET = 16 (
10 × 𝑇

𝐼
)௔ ×

𝑁
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×  
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30
 (4) 

With:  
 T = Average annual temperature (°C) 
 I = Annual thermal index given by the sum of the indices 

𝑖 = ൬
𝑇

5
൰

ଵ,ହସ

 
(6) 

a = empirical coefficient dependent on I, with: 

𝑎 = (6,75 × 10ି଻) ×  𝐼ଷ  −  (7,71 × 10ିହ) ×  𝐼ଶ + (1,79 × 10ିଶ) × 𝐼 + 0,49239 (5) 

 N = Average daily sunshine duration for the month (in hours) based on latitude 
 L is the length of the month (in days)  

The annual thermal index I is obtained by summing the indices 𝑖 for each month where T > 0. The 
method is valid for positive monthly temperatures, for 𝑇 ≤ 0, the ETP is null.  
Also, within the framework of the RCP analyses, absolute and relative standard deviations were 
calculated, and Pearson correlation tests were performed at the 0.01% level. 

2.3.3. Data modeling and geostatistical analysis methods  

Climate analyses for 2050 and 2100 in Bouaké were carried out using Global Climate Models (GCM) 
or Coupled General Circulation Models (CGCM) under RCP4.5 and RCP8.5 scenarios, in accordance 
with the work of Soro et al. (2017). The annual cycle of average temperatures and rainfall was 
simulated using eleven models from CIMP5.  
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Statistical analyses focused on measures of central tendency (mean) and dispersion (standard 
deviation) to characterize the data (observed data and estimated data) and explore the relationships 
between the variables studied. Measures of central tendency (mean) were used to assess variations 
between temperature and precipitation data (projected data), while standard deviations, both 
absolute and relative, were used to assess the accuracy and internal variability of the measurement 
series. These statistical analyses made it possible to assess the stability and representativeness of the 
data at a significant level of 1% (p < 0.01). The relationships between variables were explored using 
Pearson's correlation coefficient (r). According to Parey (2013), considering both mean and variance 
trends improves the modeling of extreme events in climate projections.  
For the spatial analysis of rainfall and temperature data, a geostatistical method based on the 
semivariogram (kriging) was used to assess the similarity of nearby values (spatial autocorrelation) 
and its decrease with distance. This technique makes it possible to estimate missing values based on 
known surrounding observations, weighing them according to their spatio-temporal correlation.  

3. Results 

3.1. Current State of Climate and Growing Seasons in the Bandama Valley District 
3.1.1. Interannual Variability Alternating Between Dry and Wet 

The interannual rainfall variability in the Bandama Valley District is illustrated by figure 2. All 
stations show alternations between dry and wet periods punctuated by rainfall extremes. The year 
1983 was extremely dry in all stations (index < 2). On the other hand, the years 1985, 1999 and 2018 
in Bouaké, 1971 and 1985 in Béoumi, 1997 in Dabakala, 2012 and 2014 in Niakaramandougou were 
extremely wet (Index > 2). In 50 years of rainfall measurements, 22 were deficient (moderate, strong 
or extreme drought) in Bouaké against 29 in Béoumi, 30 in Dabakala and 25 in Niakaramandougou. 
Nevertheless, the stations tend towards a rainfall deficit since the years 2019 for Bouaké and 2015 for 
Béoumi, Dabakala and Niakaramandougou. Those of Béoumi and Niakaramandougou are the most 
marked. 

 

Figure 2. Interannual rainfall variation according to the Nicholson Index (1971-2020) (Source: Results from 
the processing of rainfall data) 
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3.1.2. Increase in Rainfall Amounts from the Decade of 2001-2010 and Decrease in Average 
Temperatures 

The maps in Figure 3 describe the evolution of the classes delimited by the isohyet curves ranging 
from 900 to 1200 mm and those of temperatures, evolving between 26 and 29 °C. Over the past five 
decades, annual rainfall has been marked by a recovery of precipitation amounts from the period 
2001-2010 while temperatures have followed a generalized decline during the period 2010-2020. In 
general (over 50 years), the spatial distribution of rainfall amounts is marked by an average increase 
of 4.57% in rainfall amounts following an east/west gradient, with peak precipitation in the northwest 
(1,098 mm) and south (1,062 mm). At the level of temperatures, they varied between 26.03 and 26.48 
°C on average per year with low annual amplitudes (between 1.5 and 3.8 °C). The highest temperature 
values are observed beyond 8° North latitude, with maximum values close to 30 °C. Below (Béoumi 
and Bouaké) the amplitudes are rather weak, and the averages very little. 

The decade of 1971-1980 is quite regular in the distribution pattern of rainfall with a homogeneous 
distribution of temperatures (between 26 and 26.9 °C). During this period, the Bandama Valley 
District is limited by the 1100 mm isohyet on the western half (between the longitudes of Bouaké and 
Béoumi) and 950 mm to the East (at the latitude of Dabakala). Between these two zones (East and 
West), the area is watered by rainfall between 1000 and 1050 mm. The decade of 1981-1990, for its 
part, is marked by a decrease in rainfall amounts following the West-East gradient, while 
temperatures have increased (27-27.5 °C) while remaining homogeneous in their distributions. The 
Dabakala area is the driest while the highest amounts of rain are observed in Bouaké. During this 
decade, the Bandama Valley District recorded its lowest rainfall levels, particularly in 
Niakaramadougou (1044 mm) and Béoumi (1055 mm). This decrease was accompanied by an average 
temperature increase of approximately 0.5°C in the southern part of the district. The area with rainfall 
less than 1000 mm extends a little more towards the Center while 3/4 of the area is covered by rainfall 
from 1000 to 1050 mm. There is also a large decrease in the area covered by isohyets from 900 to 950 
mm. Only the Bouaké rainfall station records rainfall greater than 1050 mm (between 1050 and 1100 
mm). The decrease in rainfall observed from 1971 to 2000 is stopped during the decade 2001-2010. 
The area with rainfall less than 1000 mm experienced during this period a slight regression and is 
still located around Dabakala. On the other hand, temperatures are at their extremes (28-29 °C). 
Finally, the decade 2011-2020 is only the continuation of the wet period of the previous decade. The 
1000 mm isohyet has completely disappeared from the area. The rainfall stations above the 8th 
parallel have experienced an increase of 3 to 7% of their rainfall. Below, the amounts of rain have 
decreased by 6% between the decade 2001-2010 and that 2011-2020 at the Béoumi station. 

For five decades (1971 to 2010), the East of the Bandama Valley District was marked by low rainfall 
values (less than or equal to 1000 mm). The decade (2010-2020) was the wettest in the district (except 
for Béoumi) and that of 1981-1990 was the wettest in Bouaké and the driest in Dabakala. Furthermore, 
temperature trends show an upward trend, estimated at an average of +4.4% until 2010, followed by 
a stabilization phase around 26°C during the decade 2010-2020, reflecting a possible thermal plateau 
in regional climate dynamics. 
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Figure 3. Decadal variations in average rainfall and temperature (1971-2020) (Source: Results from the 

processing of climate data) 

3.1.3. Characteristics of Current Growing Seasons 

The identified growing seasons include three periods, namely the pre-humid, humid, and post-
humid periods (Figure 4). 
In Bouaké and Béoumi, the pre-humid period begins in February (2nd decade) and ends in April (1st 
and 2nd decade respectively for Bouaké and Béoumi). The plots remain slightly wet during this long 
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period (02 to 03 months) because of the irregularity and insufficiency of the rain. The humid period 
begins in April (2nd decade) when the wilting of plants begins to decrease and ends in October (3rd 
decade). This long humid period (06 months) characterizes sufficient rainfall to moisten the soil. 
However, the soil becomes dry from the post-humid period (B2D) as indicated by the decreasing 
trend of the rainfall curve. The dry period extends from the 3rd decade of October to the 2nd decade 
of February and indicates a recession of rain. In Dabakala and Niakaramandougou, the arrangement 
of the agroclimatic periods mentioned above remains practically the same. Unlike the stations in the 
South of the study area, the dry periods are longer in the North and last 04 months on average (from 
the 1st decade of November to the last decade of March). Also, the pre-humid periods are more 
extensive there compared to the South (between the 2nd and 3rd decade of March to the 2nd or 3rd 
decade of May). Thus, the positions of the curves highlight the annual variability of rains and 
vegetative periods. 

 
Figure 4. Curves for determining growing seasons over the period from 1971 to 2020  

Source: Results from the processing of rainfall and temperature data 

3.2. Climate Outlook and Probable Agricultural Seasons According to RCP Scenarios 

3.2.1. Climate Outlook at the 2050 and 2100 Horizons 

The thermal average derived from the multi-model overestimates reality (comparison between 
observed values and simulated values), despite the scenarios. The standard deviations are close in 
value (0.38 for the RCP 8.5 scenario and 0.32 for the RCP 4.5 scenario), and the correlation coefficients 
in the case of scenario RCP 8.5 (r = 0.54) and scenario RCP 4.5 (r = 0.52) are practically identical. The 
p-values also indicate a significant relationship between the observed and simulated data at the 99% 
confidence level. So, the multi-model does a good job of simulating the temperature data at the 
Bouaké station according to the two scenarios chosen. However, the simulation of temperature data 
according to the RCP 8.5 scenario is better. The evolution of the average monthly temperature in 
Bouaké, considering the reference period, shows positive deviations according to the RCP 8.5 and 4.5 
scenarios. The rise in monthly temperatures is on average 5.24 °C and 6.79 °C for RCP 4.8 respectively 
at the 2050 and 2100 horizons. This increase is relatively smaller for RCP 4.5 (0.88 °C and 1.52 °C 
respectively at the 2050 and 2100 horizons). The highest temperature increase is noticeable in 
September and July (respectively 23.43% at the 2050 horizon and 30.35% at the 2100 horizon) for the 
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RCP 8.5 scenario. As for the RCP 4.5 scenario, the months of January and August are the hottest (with 
an increase of 3.6% at the 2050 horizon and 6.16% at the 2100 horizon). This temporal evolution of 
temperatures also reflects an irregularity of the latter over the years as shown in Figure 5. From 2030, 
a relative stability of temperatures is observed according to the RCP 4.5 scenario. 

 

 
Figure 5. Evolution of projected average annual temperatures at the 2100 horizon according to the RCP 8.5 

and RCP 4.5 scenarios (Source: Results from the processing of thermal data) 
 

The annual average rainfall intensities from the multi-model are lower than reality, even though the 
absolute and relative differences between the observed and simulated data are quite high. The 
absolute differences are greater than 100 mm in all cases. The relative difference for the RCP 4.5 
scenario (-10.86) is significantly lower than that for the RCP 8.5 scenario (-9.93). The correlation 
coefficients in the case of the RCP 8.5 scenario (r = 0.255) and the RCP 4.5 scenario (r = 0.256) remain 
low overall. On the other hand, p-values below 0.01 indicate a significant link between the observed 
and simulated rainfall data at a confidence level of 99%. Therefore, the multi-model accurately 
simulates rainfall data at the Bouaké station. However, in view of the differences (absolute and 
relative), rainfall data are better simulated according to the RCP 8.5 scenario. The evolution of average 
monthly and annual rainfall, considering the reference period (1971 to 2020), also shows positive and 
negative deviations according to the RCP 8.5 and 4.5 scenarios. The decrease in the amount of annual 
rain is not significant enough. In terms of absolute deviation, it decreases by 1.71 and 1.28 mm at the 
2050 and 2100 horizons according to the RCP 8.5 scenario. However, it varies by 0.41 and -0.9 mm 
over the same periods according to the RCP 4.5 scenario. Considering the relative deviations, the 
month of January is the month that becomes drier at the 2050 horizon according to RCP 8.5. That of 
February experiences an evolution of 21% of rainfall values over the same horizon according to the 
RCP 4.5 scenario. At the 2100 horizon, the month of December becomes increasingly rainy with an 
increase in rainfall of 34.43% and 14.16% respectively for the RCP 8.5 and 4.5 scenarios. The resulting 
interannual variability is presented in Figure 6. 
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Figure 6. Rainfall anomalies at the 2100 horizon according to the RCP 8.5 and 4.5 scenarios (Source: Results from 

the processing of rainfall data) 

3.2.2. Probable Unchanged Growing Seasons 

In view of the climate projections according to the RCP 4.5 and 8.5 scenarios in the South of the 
Bandama Valley District (Bouaké), climate variations will have little effect on the durations of 
growing seasons. The annual spread of growing seasons, identified from the projection data (RCP 4.5 
and 8.5), are relatively identical to those observed between 1971 and 2020 and those, whatever the 
climate scenario (Figure 7). Indeed, the dry periods remain substantially the same and last four (04) 
months on average (between November and February) while the pre-humid and post-humid periods 
last respectively two (02) and one (01) month on average. The humid period, for its part, begins 
between the end of March and the beginning of April to end during the first decade of October. 

 

 
Figure 7. Evolution of agricultural seasons at the 2050 and 2100 horizons according to the RCP 4.5 and 8.5 

scenarios (Source: Results from the processing of rainfall data) 
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4. Discussion 

4.1. Towards a Resumption of Rainfall in West African Regions 

The climate of the Bandama Valley District has undergone significant changes over the past four 
decades. Like the rest of the country, this area experienced a notable decline in rainfall between 1971 
and 2000, with an estimated decrease of between 4% and 10%, depending on the east-west gradient. 
While the south of the country remains relatively stable, receiving an average of 1,050 mm of rain per 
year, regions north of the 8th parallel have seen a slight increase in annual rainfall, ranging from 
+0.3% to +7%. Since 2001, this moderate increase in precipitations has been accompanied by a drop 
in temperatures and an increase in relative humidity, which were particularly marked during the 
decade 2011-2020. Since 2015, a reverse trend has been observed in the eastern part of the district, 
particularly in the departments of Niakaramandougou and Béoumi, where rainfall has markedly 
decreased (indices < 0). In contrast, temperatures have remained relatively stable, averaging around 
26 °C, despite the decline in rainfall during the 2011-2020 decade. Average annual temperatures have 
consistently remained above 20 °C, a trend also reported by Brou (2005) in his work on Côte d’Ivoire. 
The increase in annual rainfall since the 2000s can be explained in part by an increase in extreme 
rainfall observed during the decade. This was noted by Descroix et al. (2013) in their studies on recent 
rainfall trends in West Africa. According to these authors, for nearly twenty years, the subregion has 
been experiencing a gradual return of total annual rainfall, with an upward trend in average values. 
This phenomenon could signal the beginning of a change in rainfall trends. However, rainfall 
amounts are still lower than those observed in the 1950s and early 1960s. For their part, Sarr et al. 
(2015), in their study on agroclimatic risks related to precipitation in Niger, highlight a recovery in 
rainfall conditions, with an upward movement of the 400 and 300 mm isohyets, which are shifting 
several kilometers from the south to the north of the country. A similar observation concerning the 
recovery of rainfall in West Sahelian Africa was also made by Nouaceur (2020). In his study on the 
annual rainfall signal using the graphical matrix (MGCTI), he observed a moderate but progressive 
change in annual rainfall levels. 

4.2. Agroclimatic Risks Induced by Probable Climate Variations 

Climate projections based on emission scenarios (RCPs) indicate that between 2050 and 2100, the 
length of growing seasons will remain broadly like that observed during the historical period 1971-
2020. However, these projections highlight significant changes in climate parameters, in particular a 
continuous rise in average annual temperatures and a change in rainfall patterns. In Bouaké, 
simulations from the global climate model (GCM) predict an average temperature increase of around 
0.5°C (±0.2°C) per decade by 2100, with varying intensities depending on emission trajectories (RCP 
4.5 and RCP 8.5). About precipitation, trends diverge depending on the scenario: an increase under 
RCP 8.5, particularly over the period 2051-2100, and a general decrease under RCP 4.5. These results 
are consistent with Soro et al. (2017), who project a stronger temperature increase in the Bandama 
basin under RCP 8.5 than RCP 4.5, along with a relative increase in rainfall during the wet season, 
with contrasts expected to intensify over the long term. Similarly, Kouamé et al. (2014) estimates that 
annual temperatures could rise by 3 to 4.2°C, accompanied by an average increase in precipitation of 
4.9% over the century. The impacts of these changes on the length of growing seasons appear to be 
limited, but their effects on agricultural productivity could be considerable. Analyzing useful 
precipitation between 1950 and 2000, Noufé et al. (2011) observes a ten-day reduction in the first 
growing season in western Côte d'Ivoire, while this duration remains stable in the east. It is in this 
context that Vodounou et al. (2016) point out that any change in climatic parameters directly affects 
the phenological stages of crops.  
In this context, the adaptation of agricultural production systems appears essential. This involves the 
development and adoption of short-cycle varieties or varieties that are tolerant to heat and water 
deficit, the diversification of cropping systems to reduce the risk of losses, and the adjustment of 
agricultural calendars to better synchronize sowing with new rainfall conditions. 
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5. Conclusion 

This study, based on the characterization of climate parameters, highlighted both current growing 
seasons (observed data) and those projected under different climate scenarios (RCP). The results 
show an increase in precipitation in the Bandama Valley District from the 2000s onwards, as well as 
a relative decrease in temperatures over the period 2011-2020. Projections from a multi-model 
ensemble, based on the RCP 4.5 and RCP 8.5 scenarios, indicate a marked upward trend in 
temperatures until 2100, associated with more contrasting rainfall patterns: an overall downward 
trend, but with significant interannual variations. However, these fluctuations appear to have a 
limited effect on the length of the agricultural seasons.  
On the other hand, the main agroclimatic risks stem from the ability of crop varieties to adapt to 
changing conditions. Rising temperatures and increasingly irregular rainfall are major stress factors 
that could affect the productivity and stability of agricultural systems in the region. Therefore, 
supporting producers through research, extension services, and public policies is crucial to 
promoting the adoption of agricultural systems that are resilient to climate hazards (supplementary 
irrigation, rainwater harvesting, conservation practices and organic amendments). 

6. References 

1. Alimagham S, Van Loon MP, Ramirez-Villegas J, Adjei-Nsiah S, Baijukya F, Bala A, van Ittersum MK 
(2024): Climate change impact and adaptation of rainfed cereal crops in sub-Saharan Africa. European 
Journal of Agronomy 155, 127137. https://doi.org/10.1016/j.eja.2024.127137  

2. Amichiatchi NDJMC, Hounkpè J, Soro GE, Khadijat OO, Larbi I, Limantol AM, Alhassan AM, Goula 
BTA & Lawin AE (2024): Analysis of past and projected changes in extreme precipitation indices in 
some watersheds in Côte d'Ivoire. Journal of Water and Climate Change 15(2), 392-406. 
https://doi.org/10.2166/wcc.2023.365  

3. Brou YT (2005) : Climat, mutations socio-économiques et paysages en Côte d’Ivoire, Habilitation à 
Diriger des Recherches, Université de Lille, France, 331 p.  

4. Dekoula CS, Kouamé B, Kassin KE, Yao GF, Ehounou J-N, Soro N (2018) : Impact De La Variabilité 
Pluviométrique Sur La Saison Culturale Dans La Zone De Production Cotonnière En Côte d’Ivoire, in 
European Scientific Journal April, Vol.14, No.12, pp 143-159. 
https://doi.org/10.19044/esj.2018.v14n12p143    

5. Descroix L, Diongue NA, Dacosta H, Panthou G, Quantin G et Diedhiou A, (2013) : Evolution des pluies 
de cumul élevé et recrudescence des crues depuis 1951 dans le bassin du Niger moyen (Sahel) ; in 
Climatologie Volume 10, pp. 37 -49. https://doi.org/10.4267/climatologie.78  

6. Diomande BI, Konan KPM et Yao NB-S (2016) : Variabilité pluviométrique et riziculture dans la sous-
préfecture de Béoumi au centre-nord de la côte d’ivoire », in Revue de Géographie Tropicale et 
d’Environnement, n°2, pp. 7-18. https://www.revues-ufhb-ci.org/fichiers/FICHIR_ARTICLE_2530.pdf  

7. Faye C, Sow AA et Ndong JB (2015) : Etude des sècheresses pluviométriques et hydrologiques en 
Afrique tropicale : Caractérisation et cartographie de la sècheresse par indices dans le haut bassin du 
fleuve Sénégal. Physio-Géo, Volume 9, 35 p. https://doi.org/10.4000/physio-geo.4388 

8. Félicien CD, Ibouraïma, Y, & Constant H (2020) : Variabilité Intra-saisonnière De La Grande Saison 

Pluvieuse Dans Le Sud-Benin. European Scientific Journal, ESJ 16(6), pp. 300 - 316. 

https://doi.org/10.19044/esj.2020.v16n6p300  



Scientia Agriculturea Bohemica 14 of 15 

9. Gautier F, Lubes-Niel H, Sabatier R, Masson J-M, Paturel J-E et Servat E, (1998) : Variabilité du régime 
pluviométrique de l'Afrique de l'Ouest non sahélienne entre 1950 et 1989, in Hydrological Sciences 
Journal 43(6) pp 921-935. https://doi.org/10.1080/02626669809492187  

10. Gnangouin AYJ., Kouassi AM et Diarrassouba K (2023) : Impacts du changement climatique sur les 

régimes climatiques futurs en Afrique de l’Ouest : Cas du bassin versant du N’zi (Bandama, Côte 

d’Ivoire) », Bulletin de l’association de géographes français. https://doi.org/10.4000/bagf.10813  

11. Gyamfi C, Adjei, KA, Boakye E, Anornu GK, Ndambuki, JM (2024): Projections of precipitation 
extremes over the Volta Basin: insight from CanESM2 regional climate model under RCP 4.5 and 8.5 
forcing scenarios. Environment, Development and Sustainability 26(10), 24971-25005. 
https://doi.org/10.1007/s10668-023-03666-3  

12. INS (2022) : Recensement Général de la Population et de l’Habitat (RGPH, 2021), Disponible sur : 
www.plan.gouv.ci/assets/fichier/RGPH2021-RESULTATS-GLOBAUX-VF.pdf  

13. Kanga KHM, Kouassi K, Brissy OA, Assi-Kaudjhis JP (2018) : Variation saisonnière du paludisme et 
risque de perturbation du calendrier agricole dans le district sanitaire de Bouake sud », Revue Espace, 
Territoires, Sociétés et Santé, vol. 1 n° 2, pp. 62-75. 

14. Koffi SY et Oura R Raphaël O (2019) : Les facteurs de l’adoption de l’anacarde dans le bassin cotonnier 
de Côte d’Ivoire, Cah. Agric. Vol. 28, n° 24, 8 p, https://doi.org/10.1051/cagri/2019025  

15. Kouamé B, Ehounou J-N, Kassin KE, Dekoula CS, Yao GF, N’goran EK, Kouakou, BJ, Kone Boaké, 
(2018) : Caractérisation Des Paramètres Agroclimatiques Clés De La Saison Culturale En Zone De 
Contact Forêt Savane De Côte-d’Ivoire, in European Scientific Journal Vol.14, No.36, pp. 243 – 259. 
https://doi.org/10.19044/esj.2018.v14n36p243     

16. Kouamé YM, Soro GE, Kouakou KE, Kouadio ZA, Mélèdje NH, Goula BTA, Savané I., (2014) : Scénarios 
des changements climatiques pour les précipitations et les températures en Afrique subsaharienne 
tropicale humide cas du bassin versant de Davo, cote d’ivoire. Larhyss Journal 18 : 197-213. 

17. Kouassi AM, Kouao J-M, et Kouakou KE (2022) : Caractérisation intra-annuelle de la variabilité 
climatique en Côte d’Ivoire. Bulletin de l’association de géographes français, 99 (2), 289-306. 
https://doi.org/10.4000/bagf.9534    

18. Kouman KD, Kabo-bah AT, Kouadio BH, Akpoti K (2022): Spatio-Temporal Trends of Precipitation and 
Temperature Extremes across the North-East Region of Côte d’Ivoire over the Period 1981–2020 
Climate 10, 74. https://doi.org/10.3390/cli10050074  

19. Kumar KK., Kumar KR. & Rakhecha PR. (1987): Comparison of Penman and Thornthwaite methods of 

estimating potential evapotranspiration for Indian conditions. Theoretical and applied climatology 38, 

pp 140–146. https://doi.org/10.1007/BF00868097  

20. Masson-Delmotte V (2024): The physical science basis of climate change empowering transformations, 
insights from the IPCC AR6 for a climate research agenda grounded in ethics. PLOS Climate 3(8): 
e0000451. https://doi.org/10.1371/journal.pclm.0000451  

21. Mutondo GT, Kamutanda DK et Numbi AM (2018) : Evaluation du bilan hydrique dans les milieux 
anthropisés de la forêt claire (région de Lubumbashi, Province du Haut-Katanga, R.D. Congo), 
Méthodologie adoptée pour l’estimation de l’évapotranspiration potentielle, Revue internationale de 
géologie, de géographie et d'écologie tropicales pp. 159-172.  



Scientia Agriculturea Bohemica 15 of 15 

22. Nicholson SE, Kim J, Ba BM, Lare AR (1997): The Mean Surface Water Balance over Africa and Its 

Interannual Variability Journal of climate Vol 12, pp 2981-3002.  https://doi.org/10.1175/1520-

0442(1997)010<2981:TMSWBO>2.0.CO;2 
23. Nouaceur Z (2020). La reprise des pluies et la recrudescence des inondations en Afrique de l’Ouest 

sahélienne, in Physio-Géo Volume 15, pp. 89 – 109. https://doi.org/10.4000/physio-geo.10966  

24. Noufé D, Lidon B, Mahé G, Servat E, Brou YT, Koli BZ et Chaléard JL (2011) : Variabilité climatique et 
production de maïs en culture pluviale dans l'est Ivoirien. Hydrological Sciences Journal 56(1), 152–
167. https://doi.org/10.1080/02626667.2010.545247  

25. Parey S, Hoang TTH, and Dacunha-Castelle D (2013). The importance of mean and variance in 
predicting changes in temperature extremes. Journal of Geophysical Research: Atmospheres 118(15), 
8285-8296. https://doi.org/10.1002/jgrd.50629  

26. Sarr B, Houngnibo M (2015) : Atlas agroclimatique sur la variabilité et le changement climatique au 
Niger, Centre Régional Agrhymet / CILSS, 37 p.  

27. Soro GE, Yao AB, Kouame YM, Goula BTA, (2017): Climate Change and Its Impacts on Water Resources 
in the Bandama Basin, Côte d’Ivoire, Hydrology 4(1), 18. https://doi.org/10.3390/hydrology4010018  

28. Timité N, Kouakou ATM,  Bamba I, Barima YSS, Bogaert J. (2022). Climate Variability in the Sudanian 

Zone of Côte d’Ivoire: Weather Observations, Perceptions, and Adaptation Strategies of 

Farmers. Sustainability 14, 10410. https://doi.org/10.3390/su141610410  

29. Vodounou JBK, Doubogan YO (2016) : Agriculture paysanne et stratégies d’adaptation au changement 
climatique au Nord-Bénin, in European Journal of Geography 27 p. 
https://doi.org/10.4000/cybergeo.27836  

 

Author Contributions : Contributors, Bala Mamadou Ouattara (BMO), Sekpa Charles Dekoula (SCD), Kan Emile 
Koffi (KEK), Kouakou Jean Innocent Koffi (KJIK), Guy Fernand Yao (GFY) and Brou Kouamé (BK). 
Conceptualization, BMO, SCD; methodology, BMO, SCD, KEK; validation, BMO, SCD, GFY, BK; formal 
analysis, BMO, SCD, KEK; investigation, BMO, SCD ; resources, BMO, SCD; data curation, BMO, SCD, KEK; 
writing, original draft preparation, BMO, SCD, writing, review and editing, BMO, SCD, KEK, BK; visualization, 
BMO, SCD; supervision, GFY. All authors have read and agreed to the published version of the manuscript.  

Acknowledgments: The authors would like to express their deep gratitude to the Sustainable Soil Management 
and Water Control Program of the Central Laboratory, Soils, Water and Plants (LCSEP) of the National 
Agricultural Research Center (CNRA) in Bouaké, Côte d’Ivoire, for their technical and logistical support 
throughout this study. We also thank the Laboratory of Demography and Spatial Dynamics (LABORADDYS) of 
the Department of Geography at Alassane Ouattara University, Côte d’Ivoire, for their valuable contribution. 

Funding: This research received no external funding  

Conflicts of Interest: The authors declare no conflict of interest. 

Data availability statement: The rainfall data used comes from the National Meteorological Service (DMN) of 
Côte d'Ivoire and the Central Laboratory for Soil, Water, and Plants (LCSEP). It is available upon request from 
the corresponding author. Climate projections were obtained from NASA's POWER platform 
(https://power.larc.nasa.gov/ ), which is freely accessible. 

 
Copyright: © 2025 by the authors. License SAB, Prague, Czechia. This article is an open access article distributed 

under the terms and conditions of the Creative Commons Attribution (CC BY) license 
(https://creativecommons.org/licenses/by/4.0/). 


