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ABSTRACT 
 

This work aims to evaluate the impact of climate change on the quantitative availability of the Aghien 
lagoon located in the north of the Abidjan district in Côte d'Ivoire. In first step, the semi-distributed 
SWAT (Soil and Water Assessment Tools) based physical model [1] was calibrated and validated at 
the monthly time step over the period 1960-1981, in the Mé watershed where flow rates data are 
available. SWAT was then applied on the watershed of the lagoon of Aghien which is ungauged but 
for which the challenges are considerable for the drinking water supply of the Abidjanese population. 
In a second step, the gross outputs (precipitation, temperatures) of six climate models of the 
CORDEX-Africa project under the "Representative Concentration Pathways" (RCP 4.5 and RCP 8.5) 
scenarios were corrected using the delta method. These corrected outputs were used at the SWAT 
model input to project the impact of climate change on the flow of the Aghien lagoon for horizons 2040 
(2035-2056), 2060 (2057-2078) and 2080 (2079-2100). The projections made on these different 
horizons were compared with the simulated flow over the period 1960-1981. The results show a 
sensible decrease in the annual flow of the Aghien lagoon compared to the reference period (1960-
1981). Under the medium assumption (RCP 4.5), the models predict a decrease in the annual 
discharge almost 10% on average. Under the pessimistic hypothesis (RCP 8.5), the average annual 
discharge should decrease by more than 17%. On a monthly basis, flows in August and September 
would increase by more than 80% and those in October and November would increase by more than 
20% in both RCP scenarios. 
 
Keywords: Abidjan; climate change; Côte d'Ivoire; Aghien lagoon; SWAT. 
 

1. INTRODUCTION  
 
Management and water supply remains a major challenge for the Ivorian government. At present, the 
water needs of the Ivorian populations have increased, in particular those of the autonomous district 
of Abidjan. A deficit of 58 million m3 / year must be mobilized to meet the water needs of this 
population [2]. With a view to filling the water deficit in the economic capital Abidjan, it was decided to 
operate the Aghien lagoon located north of this city.  
 
However, this resource could be impacted by climate change that influences the water balance by 
altering evapotranspiration rate, temperature, and precipitation [2]. Change of these hydrological 
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variables will have a negative impact on the availability of water resources in West Africa [3,4] as well 
as in the rest of the world. Water resources of Côte d'Ivoire, a country in West Africa, will not escape 
the consequences of this phenomenon caused by the increase of greenhouse gases in the 
atmosphere. Indeed, studies have shown that the flow rates of some main rivers, in particular, the 
flows of the Bandama and Sassandra rivers will decrease during the 21st century [5,6]. What would 
be the case for the Aghien lagoon? For a better understanding of the effects of climate change on the 
future quantitative availability of this lagoon, the Soil and Water Assessment Tools (SWAT) 
hydrological model was applied to its basin to simulate the flow over the periods 1960-1981, 2035-
2056 (horizon 2040), 2057-2078 (horizon 2060) and 2079-2100 (horizon 2080). The robustness of the 
SWAT model to the flow in Ivorian context has already been demonstrated simulate on the basin of 
Buyo [7] and of Taabo [8].  
 

2. STUDY AREA 
 
The Aghien basin is located in the southeastern part in Côte d'Ivoire, in the north of economical 
capital Abidjan. It is a subwatershed of the Mé River basin. The basin area of this river is 4140 km2 
(Fig. 1). The Aghien basin has a surface area of approximately 365 km2 and lies between 3˚49’ and 
3˚58’ W longitude and 5˚21’ and 5˚28’ N latitude. The main tributaries of lagoon Aghien are the Mé, 
Djbi and Bété rivers. 
 

 
 

Fig. 1. Location of the study area with Aghien watershed and Mé river 
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The Aghien area belongs to the equatorial transition climate. It is characterized by two wet periods 
(May to July and October to November) and two dry periods (December to April and August to 
September). The average annual rainfall of the study area is about 1500 mm and average annual air 
temperature range from 23 to 28, 5°C. The vegetation on the borders of the Aghien lagoon is mainly 
dominated by swamp forest composed of mangroves and bamboos. This vegetation plays an 
important role in the stability of the lagoon environment. It acts as a buffer zone by preventing 
nutrients and sediments from being discharged into the Aghien lagoon and ensures wildlife habitat. 
 

3. MATERIALS AND METHODS 
 
3.1 Materials 
 
3.1.1 Digital elevation model (DEM) data 
 
The digital elevation model (DEM) was downloaded from the shuttle radar topography mission 
(STRM) website (http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp). It allowed to delineate the 
watershed, the sub-basins and to calculate slopes and to extract stream network. 
 
3.1.2 Land use data 
 
The Aghien Lagoon Basin land cover map (Fig. 2) made from Land SAT Oli-Tirs image under Envi 5.1 
(Exelis/envi5.1/help/ENVIHelp.htm# Tutorials, 2013) software was used. It dates from January 2017. 
 

 
 

Fig. 2. Aghien Lagoon Basin Land Cover map and surroundings 
 
3.1.3 Soil map and soil type data 
 
The soil map used in this article is that of FAO (Food and Agriculture Organization of the United 
Nations), established in 1995 at the scale 1/5000000 for all Africa. It takes into account 5000 soil 
types and includes the physicochemical properties of soils made by Reynolds et al. (1999) for all 
Africa. These are essential for the implementation of the SWAT model. The soil data to be integrated 
into SWAT are: the texture, the available water content, the hydraulic conductivity, the apparent 
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density, the organic carbon content of the different soil layers. SWAT soil data from the study area 
were automatically extracted from FAO soil data. To do this, we have established a correspondence 
between the soil types (moderately and strongly desatured ferralitic soil and hydromorphic soil) of the 
Aghien lagoon basin and that of the ArcSwat database in which the values of the physicochemical 
parameters of the soils used by SWAT are recorded. This correspondence allowed to obtain three 
types of SWAT soils for the Aghien lagoon basin (Fig. 3) which are representative of the types and 
characteristics of the soil of the zone. 
 

 
 

Fig. 3. SWAT Soils Class Map of the Aghien Lagoon Watershed 
 

 
 

Fig. 4. Location of the hydrometric station and rainfall stations 
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Fig. 5. Influence area of rainfall stations 
 
3.1.4 Weather data  
 
Meteorological data are extracted from the SIEREM database (http://www.hydrosciences.fr/sierem). 
These data include precipitation and maximum and minimum temperatures at the daily time step and 
cover the period from 1951 to 1998, which is 47 years. With no data from stations in Aghien Lagoon 
Basin, we selected SIEREM stations near the Aghien lagoon watershed (Fig. 4) to simulate the flow in 
this basin. These are the Azaguié, Banco and Bingerville stations.  
 
Fig. 5 shows the area of influence of each station. The different zones of influence were determined 
by polygon cutting of the Aghien lagoon watershed using Thiessen's improved polygonation method 
[9]. This method is developed under “extension analyse tools, Proximity, create thiessen polygons of 
arc-gis 10.2” (http://www.esri.com).  
 
3.1.5 Discharge data 
 
These are daily discharge daily data from the database of Hydrosciences Montpellier (HSM). These 
data cover the period 1957-1993. It should be noted that they were provided to them by the Water 
Directorate of Côte d'Ivoire and were recorded at the gauging station of Grand Alépé (Fig. 4). The 
availability of discharge data is shown in Table 1. 
 

Table 1. Availability of discharge measurements (1957-1993) 
 

 Date 

Station Parameter 1957 to 1974 1975 1976 to 1981 1982 to 1993 

Grand Alépé (MÉ) Discharge Available No available Available No available 
                                                       No available: little or no data 
 
 
 
 
 

http://www.hydrosciences.fr/sierem
http://www.esri.com/
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3.1.6 Future climate data 
 
Ten global climate models (GCM) of the CORDEX-AFRICA project under two CMIP5 scenarios 
(RCP4.5 and RCP 8.5) were considered in this study. These models are presented in Table 2. The 
variables available in daily under the RCP4.5 and RCP8.5 scenarios are: precipitation, maximum and 
minimum temperatures, potential evapotranspiration. The outputs of these models cover the period 
from 1951 to 2100. This period is divided in two: 1951-2005 for historical data and 2006-2100 for 
future data. RCP 4.5 is a scenario that simulates an increase in the radiative forcing to reach a 
maximum around 2100 before stabilizing. Under this scenario, greenhouse gas (GES) emissions will 
peak around 2040, then decline and stabilize around 2080. RCP 4.5 is close to the SRES B1 marker 
scenario [10]. Contrariwise the RCP 8.5 simulates a constant increase in radiative forcing to reach 8.5 
W / m2 in 2100 without reaching a maximum. It is close to the SRES A2 marker scenario [11]. RCP 
8.5 is the most pessimistic. 
 

Table 2. List of Ten (10) Global Climate Models (GCMs) 
 

MCG Institution RCM (Regional 
Climate Models) 

Reference 

CNRM-
ARPEGE 

CNRM. France RCA4 (CNRM-CM5) (Déqué, 2010) [12] 

MPI-ESM-LR Max-Planck institut für 
meteorologie. Allemagne 

RCA4 (MPI-ESM-
LR) 

(Jacob et al., 2007) [13] 

IPSL-CM5 Institut Pierre-Simon 
Laplace. France 

 

RCA4 (IPSL-CM5) (Dufresne et al., 2013) 
[14] 

CANESM2 Canadian Center for 
Climate Modelling and 
analysis. Victoria. BC. 
Canada 

RCA4 (CanESM2)  
(Scinocca et al., 2008) 
[15] 

CSIRO-Mk3.6.0 Organisation de recherche 
scientifique et industrielle 
du Commonwealth 
australien 

RCA4 (Csiro-MK 
3.6.0) 

 
 
 
(Baker et Huang, 2013) 
[16] EC-EARTH Consortium européen 

(multiple) 
RCA4 
(EC-EARTH) 

HadGEM2-ES UKMO Hadley Centre 
(United Kingdom) 

RCA4 (HadGEM2-
ES) 

MIROC-ESM Japan Agency of Science 
and Earth Technology. 
Institute of Atmosphere and 
Ocean Research (University 
of Tokyo, Japan) 

RCA4 (MIROC-
ESM) 

(Chyuan et al., 2014) [17] 

NorESM1-M Climate center of 
Norwegian. Norvège 

RCA4 (NorESM1-M)  
(Baker et Huang, 2013) 
[16] NOAA-GFDL Laboratory of Geophysical 

Fluid Dynamics (GFDL; 
États-Unis) 

RCA4 (NOAA-
GFDL) 

 

3.2 Methods 
 
3.2.1 Evaluation of the performance of climate models 
 
The assessment of the performance of the models to reproduce the two most influential parameters of 
the hydrological cycle (observed temperature and rainfall), was carried out using the bias method [18]. 
This method consists in estimating the difference between simulated (Xsim) and observed (Xobs) 
parameters compared to those observed over the 1960-1981 reference period (eq.1). It is therefore a 
"relative difference". It makes it possible to evaluate the difference between rainfall and simulated 

https://portal.enes.org/models/earthsystem-models/ec-earth-1
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temperatures at the observations. If the value of the bias is negative then the model underestimates 
the observed data and if it is positive it overstates the observed data. The interest in evaluating the 
performance of climate models is to identify the model that best reproduces the interannual variability 
of cumulative rainfall and temperatures of the Aghien lagoon watershed.  

𝐵𝑖𝑎𝑠 =
�̅�𝑠𝑖𝑚−�̅�𝑜𝑏𝑠

�̅�𝑜𝑏𝑠
                                                                                                                        (1) 

 
 

3.2.1.1 Analysis of simulated interannual and seasonal temperatures 
 
Most models provide reasonably reliable predictions of the annual and seasonal mean temperature of 
the study basin. Of the 10 global climate models, seven models (CSIRO, hadGEM2, MIROC, NOAA-
G, CNRM, Ec-EARTH, and MPI) underestimate the average annual and seasonal temperature of the 
Bingerville station, while the others (CanESM2, IsplCM5, norESM1) overestimate it (Fig. 6a). At the 
Azaguié station, only three of the GCMs have temperature and rainfall data. Two (MPI and Ec-
EARTH) underestimate the average annual and seasonal temperature while the CNRM model 
overestimates it (Fig. 6b). The models that give the least biased results are: CNRM, MIROC, 
HadGEM2, CSIRO (annual) and CNRM, MIROC, HadGEM2 (seasonal) at Bingerville station and MPI, 
CNRM at Azaguié station. The choice of the performing model was based on the model that 
overestimates the least and another that underestimates the least. 
 

 
 

Fig. 6. Estimation of the bias between observed baseline (1960-1981) and simulated GCM 
temperatures a) Bingerville station; b) Azaguié station  

 
3.2.1.2 Analysis of simulated interannual and seasonal rainfall 
 
As a first step, a comparison between simulated and observed annual cumulative rainfall was 
performed. The annual rainfall is overestimated by most GCMs except the CNRM, MPI, CSIRO, IPSL-
CM5 models of the Bingerville Station (Fig. 7a). At the Azaguié station, the CNRM, Ec-EARTH and 
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MPI models also overestimate the annual rainfall (Fig. 7b). The models that best reproduce the 
annual rainfall are: Ec-EARTH, NorESM1, CanESM2 at Bingerville station and CNRM at Azaguié 
station. 
 

 
 

Fig. 7. Estimation of the bias between observed baseline (1960-1981) and simulated GCM 
rainfall; a) Bingerville station; b) Azaguié station. 

 

 
 

Fig. 8. Estimation of the bias (%) between seasonal total rainfalls observed and simulated over 
the period 1960-1981; d) Bingerville station; e) Azaguié station 

 

The seasonal cycle simulated by the GCMs clearly shows that the climate models tend to 
underestimate precipitation during the wet period (May to July and October to November) and to 
overestimate rainfall during the dry period (December to April and August to September). The total 
wet period rainfall simulated by the different models shows that the IPSL-CM5, HadGEM2, MIROC 
models for the Bingerville station (Fig. 8d) and CNRM, MPI, Ec-EARTH for the Azaguié station (Fig. 
8e) overall reproduce a structure in phase with the observations. Contrariwise the CNRM, MPI, 
CSIRO, Ec-EARTH, NorESM1, CanESM2, NOAA-G models (Bingerville station) deviate strongly from 
the observations. In dry periods, models strongly overestimate total rainfall with the exception of 
CNRM, CSIRO models from Bingerville station. This large difference between simulated wet season 
rainfall and simulated dry season rainfall influences the variability of cumulative annual rainfall, as well 
as the choice of model. The total rainfall of the Aghien lagoon basin is better reproduced by the 
climate models during the wet period than during the dry period. It is therefore suitable to facilitate the 
choice of the most efficient model, to compare the observed and simulated data of the wet period 
only. 
 

The results of the comparison of the biases of the different global climatic models of the CORDEX-
AFRIQUE project have shown that a single climate model cannot perform well to reproduce the 
variability of precipitation for the two stations. There is at least one model capable of reproducing the 
temporal variability of precipitation for each station and for each time scale. 
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Since the SWAT hydrological model simulation is carried out at the monthly time step in this study, the 
global climate models selected are the ones that best simulate the observations at the seasonal scale. 
Thus, the performing models selected following the analysis of the observed and simulated data are 
recorded in Table 3 below. 
 
                                                   Table 3. List of selected models 
 

Stations Bingerville Azaguié 

Parameters  Rainfall Temperature Rainfall Temperature 

 
Models 

IPSL-CM5 
HADGEM2 
MIROC 

CNRM 
MIROC HADGEM2 

CNRM 
 MPI 
EC-EARTH 

MPI 
CNRM 

 
Affected of bias more or less importantly, the raw outputs of these models must be accompanied by 
bias correction methods [19]. Thus, the delta method [20] was required in this study to correct the bias 
of the selected climate models. This approach corrects two types of distributions: 
 

 “additive” disturbances for temperatures 
 

𝑇𝑠𝑐𝑒𝑛, 𝑗, ℎ = 𝑇𝑜𝑏𝑠, 𝑗 + (𝑇𝑠𝑐𝑒𝑛, 𝑚, ℎ − 𝑇𝑟𝑒𝑓, 𝑚)                                                                                         (2) 
 

 “multiplicative” disturbances for the precipitations 
 

𝑃𝑠𝑐𝑒𝑛, 𝑗, ℎ = 𝑃𝑜𝑏𝑠, 𝑗 ×  (𝑃𝑠𝑐𝑒𝑛, 𝑚, ℎ ÷ 𝑃𝑟𝑒𝑓, 𝑚)                                                                                      (3) 
 
Tobs,j and Pobs,j are the daily observed temperature and precipitation; Tscen,m,h and Pscen,m,h are 
the mean monthly temperatures and precipitation simulated by the models over the period of the 
scenario considered; Tref,m, Pref,m are the mean monthly temperatures and precipitation over the 
reference period. Tscen,j,h, and Pscen,j,h are the daily temperature and precipitation of the 
considered time period. 
 
3.2.2 Hydrological Model : SWAT 
 
3.2.2.1 SWAT model description 
 
SWAT “Soil and Water Assessment Tool” is a semi-distributed physically-based model, developed to 
predict the impact of management practices on water and agricultural chemical yields on a basin 
scale [1]. It has been developed by researchers at the USDA (United States Department of 
Agriculture) – Agricultural Research Service [21,22]. SWAT takes into account all the hydrologic cycle, 
represented in the watershed, so spatialized. The time step used for analysis is the day. SWAT can 
analyze the impacts of climate, soil, vegetation and agricultural activities on water flow. The basic 
space unit at SWAT calculations is the Hydrological Response Unit (HRU). It is the result of the 
combination of a soil type, a land use class and a subwatershed. It is coupled with a GIS (geographic 
information system) such as ArcView GIS 3.2 or Arcgis 9.x. or Arcgis 10.x from ESRI. This has a 
double interest. Indeed, the use of a GIS makes it possible both to facilitate the pretreatment of the 
data to be integrated into the model and also to visualize the results of the simulation. Its 
implementation requires several input data: digital elevation model (DEM), soil data, weather data, 
land use data, agricultural practice etc. SWAT, subdivides hydrological modeling of the watershed into 
two phases [22]: the land phase and routing phase. The land phase is based on soil water balance 
equation for each day of simulation (4): 
 

𝑆𝑊𝑡 =  𝑆𝑊0 + ∑(𝑅𝑑𝑎𝑦

𝑡

𝑖=1

−  𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎 − 𝑊𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤)𝑖                                                                           (4) 

 

Where: SW t is the final soil water content (mm); SWo is the initial soil water content on day i (mm); t is 
the time (days); Rday is amount of precipitation on day i (mm); Qsurf is the amount of surface runoff on 
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day i (mm), Ea is the amount of evaporation on day i (mm); Wseep is the amount of water entering the 
vadose zone from the soil profile on day i (mm); Qgw is the amount of return flow on day i (mm). 
 
3.2.2.2 Calibration and validation of SWAT model  
 
The Aghien lagoon basin is an ungauged basin. However, as shown in Fig. 1, the Aghien lagoon 
basin is a sub-basin of the Mé basin. They therefore belong to the same geographical area. This 
geographical proximity is a sufficient indicator of the hydrogeological, climatic and pedological 
similarity of these two basins [23]. On the basis of this similarity hypothesis, we used the flux data at 
the daily time step of the Grand Alépé hydrological station on the Mé river to calibrate the SWAT 
model on this watershed. Thus, the adjusted parameters of the model for the Mé basin have been 
reintegrated into the model to simulate the flow over the lagoon of Aghien (ungauged) over the period 
1960-1981 (baseline period). The calibration procedure requires three main steps. It is first necessary 
to identify the sensitive parameters (parameters that can influence the performance of the model), 
then adjust the parameters and finally validate the model over a different period of the calibration 
phase. Thus, the period 1960-1969 (wet period) was chosen for calibration of the model and 
validation was carried out on the dry period (1970-1981). Fig. 9 illustrates the periods used for 
calibration and validation.  
 

 
 

Fig. 9. Reduced centered index on precipitation and calibration-validation period retained 
 

3.3 Sensitivity Analysis of SWAT Model Parameters 
 
SWAT-CUP 5.1.6 was used to analyze the sensitivity of the parameters. Identifying sensitive 
parameters is the first step in calibrating the SWAT model. It makes it possible to target the 
parameters that most influence the performance of the model. Thus, it is possible to reduce the 
number of parameters to be included in the calibration in order to reduce the efforts required in 
calibration and to increase the probabilities of converging on the performance of the model. It should 
be noted that in general, the most modified parameters, according to the literature (Table 4), during 
calibration relate exclusively to the water cycle [24]. This is consistent with the fact that it is primarily 
controls all other outputs of the model. It is these parameters (the most modified, 15 in number) that 
will be analyzed to determine their influence on the reproduction of the flow. Thus, the parameters 
which will have a notable influence on the flow of the Mé river are those which will be adjusted. The 
optimization process which reflects the sensitivity of the 15 parameters was carried out by two 
sensitivity analysis methods: The local sensitivity analysis method (One-at-a-time) and the global 
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sensitivity analysis method. In the local sensitivity analysis method, the principle was to change the 
value of a single parameter among the 15 to be modified and then to keep constant the values of the 
other 14 parameters. About 200 iterations were performed for each modification of the parameter. In 
the overall sensitivity analysis procedure 500 simulations were performed to obtain the most sensitive 
parameters. The principle consists of assigning values to the parameters and performing a certain 
number of simulations (500). In both cases, after each simulation, we compared the values of the t-
Stat and P-Value coefficients. The t-Stat and P-Value coefficients (in SWAT-CUP) identify the most 
sensitive and least sensitive parameter. A parameter with a larger absolute value of t-Stat is more 
sensitive. The P-Value gives the importance of sensitivity. When P-Value is close to Zero then the 
sensitivity of the parameter is important. 
 

Table 4. List of SWAT model parameters used in flow sensitivity analysis 
 

Parameter  Parameter description Value 

CN2 SCS runoff curve number 0-100 
QWQMN Threshold depth of water in the shallow aquifer for return flow to 

occur 
0-5000 

SURLAG Surface runoff lag coefficient 0-24 
SOL_K Soil hydraulic conductivity 0-2000 
SOL_AWC Soil available water storage capacity 0-1 
GW_REVAP Groundwater re-evaporation coefficient 0-500 
ESCO Soil evaporation compensation factor 0-1 
RCHRG_DP Deep aquifer percolation fraction 0-1 
GW DELAY Percolation water routing delay 0-500 
ALPHA_BF Baseflow alpha factor 0-1 
REVAP_MN Threshold depth of water in the shallow aquifer for re-evaporation to 

occur 
0-500 

CH_N2 Manning’s “n” value for the main channel -0.01- 0.3 
CH_K2 Effective hydraulic conductivity in the main channel alluvium -0.01 -500 
OV_N Manning’s “n” value for overland flow 0.01-30 
EPCO Plant uptake compensation factor 0-1 

 

3.4 Parameter Adjustment 
 
After identifying the sensitive parameters, these parameters must still be adjusted so that they are 
better suited to the local context. The SUFI-2 optimization algorithm [25] within SWAT-CUP 5.1.6 
software was used. The principle consists in varying the value of the sensitive parameter by 
multiplying all of its values in each URH (R_Relative method) by the same coefficient until obtaining 
the best value of an objective function (the Nash-Sutcliffe coefficient (NS) and the coefficient of 
determination R2). The model's Nash - Sutcliffe (NS) coefficient of efficiency is used to assess the 
predictive power of hydrological models. Its value varies from minus infinity to 1. The closer its value 
is to 1, the more efficient the model is. A model is considered good if the Nash value is greater than or 
equal to 0.5 [26]. It is calculated as follows (Equation 5). The coefficient of determination R2 (Equation 
6) corresponds to the square of the correlation coefficient which concerns the intensity or the 
sharpness of the relationship which exists between observed and simulated flows. Its prediction 
interval ranges from 0 to 1 for a perfect model. A value of R2 greater than 0.5 would indicate a good 
agreement between the observed and simulated data [27].  
 

                                                                                                                       (5)    
 

                                                                                                (6) 
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With:  Qm : Observed flow, Qs : Simulated flow, 𝑄 ̅𝑚 : mean of measured flows ; 𝑄 ̅𝑠 : mean of simulated 
flows. 
 

 
 

Fig. 10. Diagram of the sensitivity analysis, calibration and validation procedure of the SWAT 
model 

 
The other measure of the quality of the calibration used in this study is the P-factor (percentage of 
data in the 95PPU band) and the R-factor (a measure of the thickness of the 95PPU band). The R-
factor quantifies the thickness of the 95PPU and the smaller this number, the smaller the uncertainties 
and the better the calibration. A desirable value for the R-factor is 1 with a P-factor also close to 1 
[28]. Equations 7 and 8 below are used to calculate the P-factor and the R-factor. 
 

                                                                                                                     (7) 
 

                                                                                                 (8) 
 
Where QM

ti, 97,5% et QM
ti, 2,5% represent the simulated upper and lower limits of the time step ti of the 

95PPU, n is the number of observed data points, M refers to the model, t i refers to the step of 

 SWAT model 

Parameter sensitivity 

analysis 
Flow 

parameter 

Calibration 

SI R2>0,5 ;  

NS>0,5 

Yes NO 
Adjust 

parameters 

End 

calibration 

Validation 

                                 Simulation of discharge  



 
 

International Research in Environment, Geography and Earth Science Vol. 9 
Application of a Deterministic Distributed Hydrological Model for Estimating Impact of Climate Change on Water Resources in 

Côte d’Ivoire Using RCP 4.5 and RCP 8.5 Scenarios: Case of the Aghien Lagoon 
 
 

 
141 

 

simulation time, σobs represents the type of data measured and the NQin is the number of flows 
observed in the interval 95PPU. 

 

3.5 Validation of SWAT Model Parameters 
 

The principle consists of reinserting into SUFI-2 (Sequential Uncertainty Fitting) the values of the 
calibrated parameters and the observed flow rates of the validation period to reproduce a second set 
of observation data. This phase makes it possible to verify the validity of the calibration on all the data 
and to estimate the predictive nature of the model. Indeed, the calibration was carried out only on part 
of the data and for it to be accepted, it must be validated globally. The validation was carried out for 
the flow over the period 1970 to 1981 (calibration over the period 1960-1969). The sensitivity analysis, 
calibration and validation procedure is shown schematized in Fig. 10. 
 
3.5.1 Climat change simulations 
 
Rainfall and temperature data of the six climate models selected for the RCP 4.5 and RCP 8.5 
scenarios allowed simulations of the discharge of the Aghien lagoon. Future simulations of the Aghien 
lagoon discharge 2040 (2035-2056), 2060 (2057-2078) and 2080 (2079-2100) horizons were 
compared to the simulations of the baseline period 1960-1981. The comparison between the future 
simulations and the simulations over the baseline period is made possible because the reproduction 
of the processes on this period (1960-1981) was validated beforehand, during the calibration / 
validation phase of the SWAT model. This comparison allowed to analyze the impacts of climate 
change on the future (quantitative) availability of the Aghien lagoon.  
 

4. RESULTS AND DISCUSSION 
 
4.1 Parameters Sensitivity Analysis 
 
The results of the analysis of sensitive parameters using the local and global sensitivity analysis 
methods were presented in Table 5 and Fig. 11. Seven parameters were identified as sensitive 
among the 15 most changed. They are: the parameter CN2, relating to surface runoff, the 
groundwater level necessary to contribute to the flow QWQMN, SOL_K, the hydraulic conductivity at 
saturation, the water retention capacity of the soil SOL_AWC, the re-evaporation coefficient of the 
groundwater GW_REVAP, ESCO the compensation coefficient for evaporation and ALPHA_BF the 
Baseflow alpha factor. These sensitive parameters are presented in Table 5 and are classified 
according to their order of importance in terms of their sensitivity. Recall that when a parameter has a 
larger absolute value of “t-Stat”, it is more sensitive. The “P-Value” gives the importance of sensitivity. 
When “P-Value” is close to Zero then the sensitivity of the parameter is important. With the global 
sensitivity analysis method, the most sensitive parameter is the runoff coefficient (CN2) (t-Stat = -
52.31; P-Value = 0.0001) and the least sensitive is the Baseflow alpha factor (ALPHA_BF) (t- Stat = 
4.16; P-Value = 0.0007). While with the local sensitivity analysis (one-at-a-time) method, the 
GW_REVAP parameter is the most sensitive with a “t-Stat value” of -77.18 and a “P-Value” of 
0.00001. The least sensitive is ALPHA_BF (t-Stat = -8.16; P-Value = 0.0005). Three parameters were 
well sensitive in the local analysis method but were not in the global sensitivity analysis method. They 
are: SURLAG (surface runoff delay), RCHRG_DP (deep water table recharge coefficient) and 
Gw_DELAY (percolation water routing delay). Finally, five parameters were not sensitive even with 
the two methods. These are the REVAP_MN (groundwater level necessary to contribute to re-
evaporation), CH_K2 (effective hydraulic conductivity in the alluvium of the main channel), CH_N2 
(value "n" from Manning for the main channel), OV_N (value "n" from Manning for land flow) and 
EPCO (soil evaporation compensation factor). 
 
Comparison of sensitive parameters indicates that seven parameters are sensitive as highlighted in 
Table 5. The most critical parameters in the SWAT model are CN2 (global sensitivity analysis) and 
GW_REVAP (local sensitivity analysis) with values absolute values of "t-Stat" respectively of 52.32 
and 38.21. On Fig. 11, the curve in red shows the variations in the" t-Stat" values of the different 
parameters for the local sensitivity analysis and the blue one indicates the variations in the "t-Stat" 
values for the global sensitivity analysis. Our sensitivity analysis results confirm the high sensitivity of 



 
 

International Research in Environment, Geography and Earth Science Vol. 9 
Application of a Deterministic Distributed Hydrological Model for Estimating Impact of Climate Change on Water Resources in 

Côte d’Ivoire Using RCP 4.5 and RCP 8.5 Scenarios: Case of the Aghien Lagoon 
 
 

 
142 

 

the SWAT model to changes in CN2, groundwater parameters SOL_AWC, GW_REVAP and 
ALPHA_BF as reported in the study Obuobie [29]. 
 

Table 5. Results of the sensitivity analysis of the 15 most modified parameters 
 

No Parameters Analysis of global sensitivity Analysis of local sensitivity 

t-Stat P-Value rank t-Stat P-Value rank 

1 CN2 -52,31 0,0001 1 -38,21 0,0004 3 
2 QWQMN 27,58 0,0003 2 11,94 0,0002 5 
3 SOL_K -16,66 0,0008 3 42,32 0,0001 2 
4 SOL_AWC 12,83 0,0003 4 -7,56 0,0005 6 
5 GW_REVAP -9,88 0,0006 5 -77,18 0,0001 1 
6 ESCO -6,25 0,0004 6 18,27 0,0002 4 
7 ALPHA_BF 4,16 0,0007 7 -8,16 0,0005 7 
8 SURLAG -0,242 0,061 8  2,08 0,0077 8 
9 RCHRG_DP 0,103 0,607 9 -2,01 0,006 9 
10 Gw_DELAY 0,048 0,308 10 1,87 0,0057 10 
11 REVAP_MN -0,022 0,118 11 0,0071 0,105 11 
12 CH_K2 0,0016 0,0475 12 -0,0044 0,226 12 
13 CH_N2 -0,0007 0,0681 13 -0,0011 0,219 13 
14 OV_N -0,0002 0,0358 14 0,00005 0,0158 14 
15 EPCO 0,00009 0,0455 15 -0,00002 0,0181 15 

 

 
 

Fig. 11. Comparison of sensitive parameters of the SWAT model using global and local 
sensitivity analysis 

 

4.2 Calibration-validation and Assessment of Uncertainties of SWAT Model 
 
A large number of simulations as well as calibration tests were carried out in order to best correlate 
the simulated flows with the observed flows. Figs. 12, 14, 15 and 16 respectively present the 
hydrographs observed and simulated over the calibration and validation periods as well as the linear 
regression curves for the comparison of the flows observed and simulated between 1960 and 1981. 
 

4.2.1 Flow calibration over the period (1960-1969)  
 
Figs. 12 and 13 allow a visual appreciation of the observed and simulated flow hydrographs during 
calibration over the period 1960 to 1969. We can see in Fig. 12 that the date of occurrence of the 
flood peaks is generally correct. The observed flow of July 1961 is significantly underestimated by the 
model. We observe a weak distribution of points (Fig. 13). This indicates good stability in the response 
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of the model. The result obtained monthly for the Nash criterion (NS) is 0.807 and that of the 
coefficient of determination R2 is 0.809. These values are acceptable and significantly higher than the 
guide values of these objective functions (NS, R2). Indeed, the Nash criterion must be greater than 
0.5 for a high-performance model and a coefficient of determination greater than 0.5 reflects a good 
correlation between observed and simulated flows. 
 
4.2.2 Flow validation over the period (1970-1981) 
 
The validation phase ensures that the model accurately reflects the hydrological behavior of the 
watershed. It was carried out over the period from 1970 to 1981, i.e. 11 years. This phase is important 
because for any application, the model is used under validation conditions. The value for the Nash 
criterion (NS) is 0.59 and 0.64 for the coefficient of determination. Figs. 14 and 15 show the 
hydrographs and the linear regression curve of the observed and simulated monthly flows. We can 
see in Fig. 14 that the date of occurrence of the flood peaks is correct. However, the flow rates 
observed are overestimated over the entire validation period. The distribution of points is less good 
than in calibration as shown in the Fig. 15. 
 

 
 

Fig. 12. Monthly observed and simulated water flow in calibration for the Mé basin (1960-1969); 
Nash= 0. 807 

 

 
 

Fig. 13. Correlation between the monthly observed and simulated water flow in calibration for 
the Mé basin - R2= 0.809 
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The performances recorded on the coefficient of determination R2 = 0.809 in calibration (1960 to 
1969) and 0.64 in validation (1970 to 1981) clearly describe the degree of collinearity between the 
simulated and measured data. The Nash criteria (NS) in calibration (NS = 0.807) and in validation (NS 
= 0.59) are generally acceptable even if this coefficient is less satisfactory in validation. According to 
Saleh et al. [26], Santhi et al. [27] and Bracmourt et al. [30], a Nash coefficient greater than 0.50 is 
considered acceptable. A slight offset is observed between the curves of the simulated flows and 
those observed in calibration. This offset is sometimes marked by a temporal lag of the curve of the 
data observed on the curve of the simulated data and sometimes a time ahead. Indeed, if the curve of 
the simulated data is behind or ahead of the curve of the data observed temporally and conversely, 
the coefficient of Nash can decrease in a very sensitive way [31]. Without this offset, the coefficient of 
Nash would be even better in setting. In validation, the flow rates are overestimated. This 
overestimation seems to indicate a flow regulation phenomenon which is not considered by the 
model. In addition, the calibration period is wetter than the validation period. Thus, heavy precipitation 
over the calibration period can accentuate a poor calibration of the runoff coefficient, which is the most 
sensitive parameter. This parameter, when it is too high, generates overestimated runoff heights [32], 
which could justify the overestimation of the flow observed in validation. The modest performance of 
the SWAT in validation can be explained by the incomplete series of flow data. Indeed, although 
discharge data are available for the period 1970 to 1981, significant gaps exist. Thus, the month of 
March of the year 1977 was marked by a total absence of flow data. This could limit the obtaining of 
good performance of the model in validation (1970-1981). Despite, the shortcomings observed in the 
flow data series for the reference period (1960 to 1981), the SWAT model shows satisfactory results. 
In view of these results, the model has therefore demonstrated its robustness in reproducing the flow 
in the catchment area of the Mé River. This performance of the SWAT model in reproducing the flow 
has already been demonstrated on the watersheds of: San Joaquin in California [33], Ken in India 
[34], Burgundy in France [24], Buyo [7] and Taabo [8] in Côte d'Ivoire and in several other basins 
around the world. 
 
4.2.3 Uncertainties related to flow modeling 
 
As a reminder, P-factor values greater than 0.7 and R-factor values less than 1.5 are recommended 
to obtain good modeling [35]. Figs. 15 and 16 present the hydrographs of the observed flows and of 
the 95PPU during calibration and validation. The green color shaded area in Figs. 16 and 17 
represents the uncertainty of the SWAT model, while the brown color line represents the time series 
of observed monthly flows. Thus, the P-factor in calibration is 0.88 and the R-factor is 1.17 while in 
validation, the P-factor is 0.76 and R-factor is 1.21. The percentage of data within the 95PPU interval 
is acceptable in both the calibration and validation period.  
 

 
 

Fig. 14. Correlation between the monthly observed and simulated water flow in validation for 
the Mé basin - R2= 0.636 
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Fig. 15. Hydrogram of observed flows and 95 PPU in calibration (P- factor = 0.88 and R- factor 

= 1.17) 
 

 
 
Fig. 16. Hydrogram of observed flows and 95 PPU in validation (P-factor = 0.75 and R-factor = 

1.21) 

4.3 Potential Impacts of Climate Change on Precipitation and Potential 
Evapotranspiration of Aghien Lagoon Basin 

 
4.3.1 Change in Potential Evapotranspiration (PET) 
 
PET shows an overall increasing trend in the 21st century under the RCP 4.5 and RCP 8.5 scenarios. 
Indeed, trends are becoming more pronounced under both scenarios, towards the end of the 21st 
century (Table 6), but also a slight stationarity of the PET is observed under the RCP 8.5 scenario 
between the 2060 and 2080 horizons. 
 

Table 6. Percentage of change in the annual evapotranspiration potential for the different 
horizons compared the baseline period (1960-1981) 

 

  Baseline 
period 

2040 (2035-2056) 2060 (2057-2078) 2080 (2079-2100) 

Average Variatio
n (%) 

Average Variation 
(%) 

Average Variation 
(%) 

PET 
(mm) 

RCP 4.5  
1230,65 

1330,28 +8,09 1342,23 +9,06 1369,47 +11,28 

RCP 8.5 1358,81 +10,42 1367,95 +11,15 1366,16 +11,05 

 
 



 
 

International Research in Environment, Geography and Earth Science Vol. 9 
Application of a Deterministic Distributed Hydrological Model for Estimating Impact of Climate Change on Water Resources in 

Côte d’Ivoire Using RCP 4.5 and RCP 8.5 Scenarios: Case of the Aghien Lagoon 
 
 

 
146 

 

4.3.2 Change in Rainfall 
 
The evolution of precipitation at different horizons is shown in Fig. 17. The rates of decrease in rainfall 
are relatively more in RCP 8.5 than RCP 4.5 over the basin. Under RCP 4.5, the rainfall may 
decrease from 9.06 % on average and under RCP 8.5 rainfall may decrease from 16.96 % on 
average in future periods. The calculated rates of change are shown in Table 7. The decrease in 
precipitation is more pronounced towards the end of the century under the two scenarios: 11.80% 
(horizon 2060), 11.68% (horizon 2080) under the RCP 4.5 scenario and 19.14% (horizon 2060), 19 
16% (horizon 2080) under the RCP 8.5 scenario. This rainfall deficit has already been observed in 
West Africa under the scenarios RCP 4.5 and RCP 8.5 on the watersheds of Senegal and Bandama 
respectively by Mbaye, [36] and [6]. Also, the work of [7] revealed a decrease of precipitation of 
10.27% by 2050 and 14.90% by 2080 on the watershed of the Buyo dam (Côte d’Ivoire) using the 
SWAT model and the UKMO-HadGEM1 model according to A1B scenario. Given the evolution of 
these variables (PET and Rainfall), we can expect that the flow of the Aghien lagoon will be impacted 
by both the decrease in precipitation and the increase in potential evapotranspiration.  
 

 
 

Fig. 17. Evolution of annual rainfall compared to the baseline period (1960-1981) 
 

4.4 Potential Impacts of Climate Change on Aghien Lagoon Discharge: Annual and 
Seasonal Discharge Evolution 

 
RCP Scenarios 4.5 and 8.5 project a reduction in the annual flow of the lagoon until 2080 (Fig. 18). 
Under the RCP 4.5 scenario the average annual flow would decrease by -8.33%, -10.02%, and -
9.72% respectively over the different horizons (2040, 2060, and 2080). RCP 8.5 scenario forecasts a 
decrease average flow rate over the different horizon: -16.36% by 2040, -19.15% by 2060 and -19.22. 
% by 2080.  
 
Fig. 19 (a) and (b) show the seasonal evolution of the lagoon discharge over the different horizons for 
the RCP 4.5 and RCP 8.5 scenarios compared to the observed flow over the reference period (1960-
1981). We note that under both scenarios, the hydrological regime could be disrupted with respect to 
seasonal flow patterns and the date of occurrence of flood peaks. Indeed, the flood peaks will now 
appear in August and September instead of June and July over the past period (1960-1981). This 
situation means that the seasons could move in the 21st century. The RCP 4.5 scenario projects a 
decrease in the lagoon flow during the long dry season (December to April) of 42% and a decrease 
during the long rainy season (May to July) of 57%. As for the RCP 8.5 scenario, it predicts a decrease 
in flow of 44% in the dry season (December to April). It also projects a decrease in the flow of the 
lagoon of 64% in rainy season (May to July). Both scenarios predict a greater increase in flow (more 
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than 80%) in August and September during the short dry season and a slight increase in flow (more 
than 20%) in October and November during the short rainy season. 
 

 
 
Fig. 18. Evolution of the annual discharge of the Aghien lagoon under the RCP 4.5 and RCP 8.5 

scenario compared to the baseline period (1960-1981) 
 
The discharge of the Aghien lagoon would decrease by an average of 9.42% under the RCP 4.5 
scenario and would also decrease by an average of 18.24% under the RCP 8.5 scenario. These 
results are in agreement with those of [37] in the watersheds of Senegal, Gambia and Sassandra, [38] 
in the Ouémé river basin in Benin (West Africa), [7] in the watershed of the Buyo dam [39]  or [3] in 
the Comoé river watershed. These authors describe a decrease in stream flows in these different 
basins, up to about 20% under the influence of climate change. 
 

 
 

Fig. 19a. Seasonal evolution of the discharge (compared to the reference period 1960-1981) of 
the Aghien lagoon under scenarios RCP 4.5 
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Fig. 19b. Seasonal evolution of the discharge (compared to the reference period 1960-1981) of 

the Aghien lagoon under scenarios RCP 8.5 
 

Table 7. Percentage change in the annual rainfall for the different horizons compared the 
baseline period (1960-1981) 

 

  Baseline 
period 
 

2040 (2035-2056) 2060 (2057-2078) 2080 (2079-2100) 

Average Variati
on (%) 

Average Variati
on (%) 

Average Variatio
n (%) 

Rainfall 
(mm) 

RCP 4.5  
1569,12 

1455,7 -7,23 1383,94 -11,80 1385,80 -11,68 

RCP 8.5 1329,26 -15,29 1268,79 -19,14 1268,32 -19,16 

 

5. CONCLUSION  
 
This study evaluates the impact of climate change on the flow of the Aghien lagoon. Six climate 
models (CNRM, MIROC, HadGEM2, IPSLCM5, MPI and Ec-EARTH) of the CORDEX-AFRICA 
project under the scenarios RCP 4.5 and RCP 8.5 were used for the assessment of the impact of 
climate change. The SWAT hydrological model is used to simulate the hydrological processes in the 
Aghien lagoon watershed. Calibration and validation results for the Mé basin showed a good 
performance of the SWAT model in the simulation of hydrological processes. Considering the 
geographical proximity and the hydrogeological, climatic and pedological similarities of the Aghien 
lagoon basin and the Mé watershed, the SWAT model was therefore applied with confidence on the 
Aghien lagoon basin to simulate the future evolutions of the PET, the precipitation and the flow of the 
Aghien lagoon in a context of climate change. The results indicate an increase in future PET of the 
order of 7 to 12% while precipitation is expected to decrease on average by more than 16% under 
RCP 8.5 and 10% under RCP 4.5. Like precipitation, the annual flow of the Aghien lagoon would 
decrease under the two RCP scenarios. The annual discharge should decrease by an average of 
10% under RCP 4.5 and more than 17% under RCP 8.5. The scenarios also project a decrease in the 
seasonal flow of the lagoon. Under the RCP 4.5 scenario a 42% decrease in discharge during the dry 
period (December to April) and 57% during the wet period (July to May) is projected. Under the RCP 
8.5 scenario a 44% decrease in flow in the dry period and 64% in the wet season is expected. 
However, the flow should increase by more than 80% in August and September (dry period) and by 
more than 20% in October and November (wet period) over the 2040, 2060 and 2080 horizons. It 
should be kept in mind that this is modeling that implements a hydrological model and the average of 
six climate models that involve uncertainties. Given these uncertainties, the results of this study are 
not forecasts, but projections of two possible future situations and equiprobable to the 2040, 2060 and 
2080 horizons. Thus, taking into account the potential impact of climate change on the future 
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evolution of the Aghien lagoon will reinforce the planning and management policy of this water 
resource, which will have to be adjusted according to observed or foreseeable uses. 
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