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Abstract. One of the major threats to water resources today remains climate change. The objective of this study
is to assess the impact of climate change on water availability in Oueme catchment at Save. Precipitation provided
by three regional climate models (RCMs) was analyzed. Bias in these data was first corrected using the Empirical
Quantile Mapping (EQM) method be for etheir use as input to hydrological models. To achieve the objective, six
hydrological models were used (AWBM, ModHyPMA, HBV, GR4J, SimHyd and Hymod). In projection, the
results showed that the AWBM model appears to be the best. The multi-model approach further improves model
performance, with the best obtained with combinations of the models AWBM-ModHyPMA-HBV. The AWBM
model showed a fairly good capability for simulating flows in the basin with only HIRHAMS climate model
data as input. Therefore, the simulation with the HIRHAMS data as inputs to the five (05) hydrological models,
showed flows that vary at the horizons (2025, 2055 and 2085) under the scenarios (RCP4.5 and RCPS.5). Indeed,
this variation is largely due to anthropogenic greenhouse gas (GHG) emissions.

1 Introduction

The successive reports of the Intergovernmental Panel on
Climate Change (IPCC) have confirmed that major climate
changes are under way and their effects are now proven.
The first volume of the fifth report, published in 2013, re-
veals that, projections for 2100 depend on human activities
and model uncertainties (Quae, 2013). Indeed, the planet is
warming up because of man-made greenhouse gas emissions
(IPCC, 2014). Due to its geographical location, West Africa
will suffer more from the consequences of climate change.
Indeed, it is marked by the repeated drought which has wors-
ened since the 1970s and 1980s. This vulnerability to cli-
mate disturbances is due to the diversity of impacts, mul-
tiple stresses, greater magnitude and low adaptive capacity
(Obada, 2017). A decrease in average annual rainfall of 20 %
to 40 % was also observed between 1931-1960 and 1968-
1990 (IPCC, 2007), which led to a greater drop in the flow

of rivers from 40 % to 60 %, and was followed by increased
vulnerability to natural disasters (Afouda et al 2007). The
Oueme catchment at Save is not spared from these climatic
variations. There is a considerable decrease in the amount of
water available, and this decrease is aggravated with the cur-
rent context of climate change. It is therefore necessary to
understand the relationships between hydrological functions
and all interactions with climate. Thus, the study of the im-
pacts of climate change on river flows in the Oueme catch-
ment at Save is of paramount importance in order to better
develop adaptation policies. This study aims to assess the im-
pacts of climate change on water availability in the Oueme
catchment at Save.
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2 Study area and methodology

2.1 Study area and data

The Oueme catchment at Savé covers an area of approx-
imately 23 600km?. it is located between 8°00'40” and
10°03'20 Lat. North, 1°30'20” and 2°32'25” Long. East (Le
Barbé and Borel, 1987). The climate in this basin is tropi-
cal, but with a strong tendency towards the Sudanese type.
It is characterized by two main seasons: a dry season
(November to March) and a rainy season (April to Octo-
ber) (Akognongbe, 2007; Zandagba, 2012) (Fig. 1). The data
used in this study are of two types: The observed daily hy-
dro climatic data (precipitation, potential evapotranspiration
(PET) and flow rates). They have been extracted from the
database of Meteo-Benin and General Direction of Water of
Benin, and covering the period of 1960 to 2014. Simulated
data from regional climate models (RCM) (precipitation and
PET). The period 1970 to 2005 has been chosen as reference
period and 2006 to 2100 was chosen for future projection. All
these data come from the CORDEX AFRICA https://cordex.
org/data-access/regional-climate-change.simulation (last ac-
cess: 18 June 2020) project database and have a spatial reso-
lution of 0.5° x 0.5°.

2.2 Methods

2.2.1 Bias correction

To extract data from a grid of 0.5 x 0.5° spatial resolution,
the EQM method has been used. This downscaling method
preserves the long-term absolute (relative) trend of the simu-
lated temperature or precipitation data and modify the daily
variability of the simulated data about their monthly means to
match the observed daily variability. This method uses empir-
ical distribution functions (Sennikovs and Bethers, 2009) and
is constructed by calculating empirical Probability Distribu-
tion Functions (PDF) and then using Cumulative Distribution
Functions (CDF) for correction (Eq. 1):

Y = Fpi (Fucr(x)) M

where Y is the bias corrected value of the meteorological pa-
rameter and x its value simulated by the model; Fycr is the
CDF (Cumulative Distribution Function) of the data simu-
lated by the MCRs and Fogl is the inverse of the CDF of the
observed data

2.2.2 Hydrological modeling

In order to characterize the impacts of climate change on the
availability of water resources in the Oueme catchment at
Save, the rainfall and PET resulting from the correction of
the biases of the 03 investigated RCMs are used as input data
to 06 hydrological models (Table 1).

The selected hydrological models have been calibrated
from1974 to 1978 and validated from 2003 to 2007. Indeed,
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these periods has been chosen because of the availability of
continuous data and necessity to considered different type of
period (wet and dry period) which must be distinct from each
other, in order to appreciate the robustness of the used model.

2.2.3 Performance criteria

The performance of both bias correction methods and mod-
els is evaluated using the Nash-Sutcliffe Efficiency Coeffi-
cient (NSE) (Nashand Sutcliffe, 1970), percent bias (PBIAS)
(Guptaetal., 1999), root mean square deviation or square base
error (RMSE), which in corporate both the variance of the es-
timate and its bias (Lehmannand Casella, 1998) and the error
(RSR).

2.2.4 Analysis of the rate of variation of river discharge

Future changes relative to the reference period (1970-2005)
are evaluated from Eq. (2). For this purpose, we have chosen
to study the impacts of climate change over three (03) pro-
jection sub-periods: 2014-2040 (horizon, 2025), 2041-2070
(horizon, 2055) and 2071-2100 (horizon, 2085) to assess the
changes in the investigated hydroclimatic series according to
the RCP4.5 and RCP8.5 scenarios.

change rate = M X

Xr

100, )

Where Xp the average of the hydro climatic parameter is over
the projection period considered and X is the average of the
series over the reference period.

3 Results and discussions

3.1 Rainfall bias correction performance

Figure 2 shows an example of performance of the EQM
method in the correction of the biases of precipitations sim-
ulated by the models HIRHAMS, REMO, RCA4 and their
ensemble. From the analysis of this figure, it can be seen that
the corrected monthly precipitation data are close to those of
the observations.

3.2 Performance of hydrological models and
multi-models

Table 2 and Fig. 3 show the performance of models and
multi-models in calibration and validation. From the anal-
ysis of Fig. 3, it was found that AWBM, ModHyPMA, HBYV,
GR4J models give good performance in calibration and vali-
dation with Nash performance criteria of over 60 %. In view
of the results obtained and the number of parameters which
characterize each of these hydrological models considered in
this study, AWBM model appears superior to the others in
terms of performance. From the analysis of Fig. 3, it also
emerges that the multi-models AWBM-ModHyPMA-HBV
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https://cordex.org/data-access/regional-climate-change.simulation
https://cordex.org/data-access/regional-climate-change.simulation

A. Chabi et al.: Impact of climate change on water resource 257

1100000N

1050000N

1000000N

350000E 400000E 450000E S00000E

N N

\"Rﬂ
.\1\
<
-
1100:.')03"‘

Rt O 4.
~——
1050000N

,
\ -
I'CCO;JOON

z z
BENIN ? 1 3 | §
-CITY CENTER = N ya ¢
—— OUEME River [~
=0 OUEME Sub-Basin in SAVE | -
BENIN z \'/ o z
DAM § ] é W §
] WEST AFRICA g Barrage d\LAUKGF 3
0 S0 100 150 200 km | i ; b | ; N
—— @ 350000E 400000E 450000E 500000E
Production: Chabi Amedeée
Figure 1. Geographic location in the Oueme at Save catchment.
Table 1. Description of selected models.
Modele Formal Par Res Forcage References
ModPMA  Phys 2 - P,ETP+ Q Afoudaetal. (2010)
GR4J Conp 4 3 P,ETP+ Q Perrin (2000)
HBV Conp 9 3 P,ETP+ Q Bergstrom and Forsman (1973)
SimHyd Conp 7 2 P,ETP+ Q Chiew and Siriwardena (2005)
AWBM Conp 7 3 P,ETP+ Q Boughton (1993)
Hymod Conp 5 4 P,ETP+ Q Boyle (2001)
Formal = Formalisme, Par = Parameters, Res = Number of returns; Comp = Conceptuel, ETP + Q (calage).
Table 2. Performance of hydrological models in calibration and val- Table 3. Comparison of RCMs data as in put to reproduce observed
idation. flow.
Modeles ModHyPMA GR4] HBV SimHyd AWBM Hymod Calibration | Validation
Calage (01-01-1974 au 31-12-1978) Moddata NSE ~ R> RMSE MAE | NSE  R?> RMSE MAE
NSE 0.82 0.83 0.85 0.86 0.89 0.56 HIRH5 0.51 0.51 0.42 0.01 | 0.50 0.50 0.4 0.10
R2 0.85 0.86 0.86 0.86 0.88 0.65 REMO 031 0.30 0.48 0.00 | 0.30 0.4 0.69 0.18
RS 0m o 0non ol om KA 0w om o noriom e on o
MAE 005 013 002 0.04 0.01 0.12 nsemble - ; ; ' : ; -
Validation (01-01-2003 au 31-01-2007)
NSE 0.70 0.75 0.81 0.65 0.82 0.54 .
R2 0.73 079  0.81 0.83 0.85 0.74 3.3 Comparlson of performance of AWBM models for
RMSE 05 042 037 0.51 0.36 0.57 different input data of RCMs
MAE 0.00 0.14  0.03 0.11 0.01 0.15

Figure 4, shows the performance of the AWBM model in cal-
ibration and validation with different climatic model data.

and the ensemble of the five models show good performance The Analysis of this figure shows that HIRHAMS models
with the Nash value of 0.90 in calibration and 0.81 in valida- data using allow to get the best flow estimation on the basin

tion.
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has showed by NSE and R? value of 0.51 in calibration
against 0.50 in validation (Table 3). The values of RMSE and
MAE obtained are relatively low for each data item of the
RCM models considered. In view of all the above, it emerges
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Figure 2. Performance of the EQM method in correcting biases in
simulated precipitation by (HIRHAMS, REMO, and RCA4) and the
ensemble of RCMs over the period 1970-2005.
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Figure 3. Performance of M-M to 3 and the ensemble of 05 models.

from this analysis that, AWBM model, showed a fairly good
capacity for the simulation of the flows in the basin with only
the data of HIRHAMS as inputs.

3.4 Evolution of annual average flows

Figure 5 shows the evolution of the mean annual flows in
the basin from the HIRHAMS data as inputs to the 05-
hydrological models considered together. Under the RCP4.5
scenario, the simulation with the five (05) models predicts
by 2025 an increase of the flows, with an average value of
0.37 mm/day compare to observations period. By 2055, a
slight decrease in flows compared to observations with an
average of 0.35 mm/day, lower than observations mean can
be observed. By 2085, we will observe a strong increase of
the flows with an average of 0.45 mm/day, which is signifi-
cantly higher compare to observations period with an equiva-
lent change rate of 19.07 %. Under the RCP8.5 scenario, the
simulation with the 05-models predicts a strong increase in
the flows at the horizons 2055 and 2085 respectively with
the mean of 0.4 and 0.51 mm/day, and is higher than those
of the observation period. During this horizon, we note a rate
of change of 19.56 % by 2085. By 2025 the models predict a
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Figure 4. Comparison of observed and A flows for different input
data.

slight decrease of the flows with an average of 0.30 mm/day.
Overall, the horizons2055 and 2085 will be more affected by
a strong increase in flows under the RCP8.5 scenario than
under the RCP4.5 scenario.

3.5 Discussion

The applications of the models (AWBM, ModHyPMA, HBYV,
GR4J and SimHyd) give convincing results in terms of per-
formance with quality criteria of more than 60 % from Nash.
These results are consistent with those of (Paturel et al.,
2009). In fact, these authors have shown that a performance
criterion greater than 60 % indicates a satisfactory perfor-
mance of the hydrological model in the reproduction of the
basin flows. It can also be noticed that the combination in
the case of a multi-model can gradually improve the per-
formance of the models in calibration by an average of 1 %
and 2 % in validation. Consequently, it would be appropriate
to use a combination of hydrological models for the predic-
tion of flows in the Ouémé to Save basin instead of a single
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Figure 5. Evolution of the annual flow modules in the basin under
the (RCP4.5 and 8.5) scenarios of the HIRHAMS models as inputs
to the 05 hydrological models.

model. Then, the different variations of the flows obtained in
an alternative way with the set of 05-models used following
the different scenarios show that, the future changes could be
due to the anthropogenic activities of the man due in large
part to the emissions of greenhouse gases and climate vul-
nerabilities.

4 Conclusions

This article focuses on the impacts of climate change on
water availability in the oueme basin at Save. To this end
AWBM model, the multi model AWBM-ModHyPMA-HBV
and the set of five models have shown a fairly good capacity
for simulating flows in the Oueme basin at Save. In addi-
tion, the simulation of flows with HIRHAMS data as input to
the hydrological models showed flow that vary with different
horizon (2025, 2055 and 2085) under RCP4.5 and RCP8.5
scenarios.
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