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Abstract. The impact of climate change on precipitation and water availability is of major concern for policy
makers in the Mono Basin of West Africa, whose economy mainly depends on rainfed agriculture and hy-
dropower generation. The objective of this study is to project rainfall, flows and evapotranspiration (ET) in the
future period and understand their changes across Mono River Basin. Observed data were considered for the
historical period 1980-2010, and a Multi-model ensemble for future projections data of eight selected Regional
Climate Models under RCP 4.5 and RCP 8.5 over the periods 2011-2100 was used. The GR4J model was used
to simulate daily flows of the Mono watershed. The ensemble mean shows a decrease and increase streamflows
between —54 % and 42 %, —58 % and 31 % under the RCP4.5, RCP8.5 scenario, respectively. The greatest de-
creases of high flows is projected to occur in the near term under RCP8.5, whereas the greatest decrease of low
flows is projected to occur in the long term under the same RCP. For the rainfall and ET, the both scenarios
(RCP4.5 and RCPS8.5) predict an increase of ET while the rainfall will decrease. The results of this study of
would be very useful in the choice of management and adaptation policies for water resources management.

1 Introduction of precipitation, river discharge, ET, minimum and maximum
temperature depend on the regional and local forcing.

The impact of climate change on precipitation and wa-

The future projection of climate change reported by the 5th
Intergovernmental Panel on Climate Change (IPCC) assess-
ment indicated that the global mean temperature will con-
tinue to rise for the rest of 21th century, and the amplitude
for 2081-2100, relative to 19862005 ranges from 0.3 to
4.8°C, under four Representative Concentration Pathways
(RCP) scenarios (IPCC, 2007). An increase in temperature
results in a higher evapotranspiration (ET) demand and will,
in combination with a decrease in precipitation, severely
stress the water resources in the region. In particular, all of
Africa is highly likely to experience warming during this
century, with the warming expected to exceed the global av-
erage (IPCC, 2007). Climate change and increasing climate
variability might add to these trends and further degrade the
availability and quality of water and arable land (Giertz and
Diekkriiger, 2003). However, the spatiotemporal behaviour

ter availability is of major concern for policy makers in the
Mono Basin of West Africa. In order to proffer solutions to
the problems associated with water resources management
within the Mono, there is a need to understand the relation-
ship between these variables at the basin’s scale.

The aim of this work is to project the rainfall, flows and
ET in the future period and understand their changes.

2 Study area location, Data used and
Methodological Approach

2.1 Study area location

This study area has already been described by certain au-
thors (Batablinle et al., 2018; Ernest et al., 2014). The Mono
river basin is in West Africa and extends over 560 km from
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Figure 1. Study area location and considered stations (sources Bat-
ablinl¢ et al., 2018).

the north to the south. This transboundary watershed covers
15680 km? and is shared by Benin and Togo. Mono basin is
located more precisely between 06°16’ N and 09°20' N and
0°42’E and 20°25’ E. This watershed is home to the Nang-
béto hydroelectric dam that has been providing electricity to
Benin and Togo since September 1987.

Within the West African context, rainfall in the study area
is characterized by two types of Rainfall regimes In south-
ern basin, (from 6°16 to 7°30 N) there are two rainy seasons
which to mid-July and from mid-August to October. In north-
ern basin (from 7°30 to 9°20N), there is one rainy season
which extends from April to October. The population of the
basin is more than two million, with an annual increase of
2.9 %. This population also distributed at high densities in the
south of the basin has as main activities, agriculture (mainly
rain fed); in the lower valleys, fishing and salt-farming are
the major activities (Ernest et al., 2014). The study area is
presented in Fig. 1 below.

2.2 Data used and Methodological Approach

Two sources of data have been used in this paper. The first
one is CORDEX program. Models data have been bias cor-
rected by Batablinle et al. (2018). In this study, multi-model’s
ensemble only will be considered. The last source of data
is the observed data provided by the National Meteorology
Agency of Togo for the period 1960-2010 for some stations
spatially located as shown by Fig. 1. The ET of the cur-
rent and future climate was calculated. In order to estimate
ETo considering only temperature measurements, we used
the Hargreaves—Samani equation (Hargreaves and Samini,
1985).
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GR is a family of lumped hydrological models designed
for flow simulation at various time steps. The models are now
available in a flexible two main R-packages called airGR.
The GR4J model has been extensively tested in a large num-
ber of watersheds in France, Australia, Brazil (Perrin et al.,
2001). It has been used in a context of climatic variability
in the Upper Ouémé basin (Ague et al., 2014). The GR4J
model was used to simulate daily flow of the Mono water-
shed. The model parameters were calibrated and validated
on a daily scale with respect to the hydro-meteorological in-
puts observed from 1971 to 1987 and from 1988 to 2010, re-
spectively. These sub-periods are homogeneous and belong
to the dry or wet sequence obtained after the analysis of the
stationarity break in the rainfall and flow chronicles. Statisti-
cal analyses produced Nash-Sutcliffe efficiencies (NSEs) of
0.76 and 0.61 for model calibration and validation, respec-
tively, which were considered acceptable.

The changes from the reference period are assessed as
shown by Eq. (1) for ET, rainfall or flow :

; FF — HIST 100 "
= — ) x
P HIST

Where FF and HIST represent respectively the mean for the
far future (2011-2100) and the historical or reference period
(1981-2010).

Sensitivity analysis is used to determine the influence of
two main climatic variables on future flows. The daily aver-
age variables used in this study are: Future precipitation and
evapotranspiration (ET). Flows sensitivity to climate vari-
ables was estimated by varying each variable individually,
leaving the other variables constant.

A sensitivity coefficient (Eq. 2) was calculated to deter-
mine the degree of influence of each climate variable on the
flow:

90 Vi
T AViQ

where Svy; is the sensitivity coefficient, d Q is the variation of
the future flows (Q) caused by the change of a variable d Vi,
Vi is the considered variable. A positive (negative) sensitivity
coefficient indicates that the variable increases (decreases)
the future flows. The higher the absolute value of the sen-
sitivity coefficient is, the more the variable has influence on
flows (Li et al., 2018).

The free software R was used to compute all the statisti-
cal parameters such as the seasonal averages as well as the
annual averages and all plots presented.

Svi 2

3 Results et discussions

3.1 Results
3.1.1 Projected changes in ET and the rainfall

The changes relating to the evapotranspiration (ET) and rain-
fall between the future and the historical period are shown in
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Fig. 2. Under the RCP4.5 scenario, an increase in ET is pro-
jected by the mean-models that can fluctuate from 20 % to
45 % on average in some areas in the south. This projection
varies from 5 % to 38 % northward and from 5 % to 10 % in
the basin center. On this same projection period and under the
scenario RCP8.5, the mean-model also predicts also a strong
increase in ET the southward of the basin ranging from 10 %
to 45 % against 3 % to 40 % and 5 % to 15 % the northward
and the center, respectively (Fig. 2 to the left). If we consider
the seasonal change (over the same projection period), under
the RCP8.5 scenario, the mean-models predicts a decrease
in rainfall from —15 % to —41 % on average excepted July,
August and September (15 %), while it projected an increase
in ET under the same scenario with 38 % (mean value). Over
the same projection period, the scenario RCP4.5 predicts a
sharp decrease in rainfall on average from —15 % to —40 %.
The analysis of the ET shows an increase in the basin Mono
excepted April, May and June (—14 %) (Fig. 2 to the right).

3.1.2 Changes in seasonal flows

The changes relating to the streamflows between the future
and the historical period are calculated. Regarding the results
of relative changes for monthly streamflows (figure is not
represented), the lowest decrease is —54.3 % for the time pe-
riod 2071-2100 (the far future) and is projected in the month
of much while the highest increase is 42.4 % and is projected
in the month of December for the time period 2011-2041
(the near future) under RCP4.5. Under RCP8.5 the lowest
decrease is —58.3 % and is projected in the month of April
for the time period 2041-2070 while the highest increase is
39.1 % and is projected in the month of September under
RCP8.5 for the time period 2011-2040. In summary, mean
models used have announced in general, a decrease of the
streamflows over Mono basin.

Figure 3 depicts relative changes of Annual and seasonal
streamflows (the near future and the far future were consid-
ered). Regarding these results, the streamflows (MAM and
JJA) for the time period 2011-2040 (the near future) will
increase between 2% and 50.3 % under the RCP4.5 sce-
nario and 12 % and 55 % under the RCP8.5 scenario while
the streamflows (DJF, SON and An) will decrease between
10 % and 49 % under the RCP4.5 scenario and between 4 %
and 56 % under the RCP8.5 scenario, respectively. In sum-
mary, mean models used have announced in general, a de-
crease of the streamflows over Mono basin (Fig. 3) for the
time period 2071-2100 (the far future) for the both scenar-
ios. Monthly streamflows characteristics reflect the monthly
changes in rainfall characteristics: A shift towards the rainy
season (particularly, Murch to July) and a decrease in the dry
months (particularly, November to April) are observed for all
climate scenarios in Mono basin.
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3.1.3 Changes in extreme flows

Figure 4 (to the right) presents the low (Q95) and high (Q05)
flows magnitudes for the baseline period and the percent
change in the future. The Q95 and QOS5 here were com-
puted based on the streamflows mean for the multi model
ensemble. The relative mean changes of high flow (Q5), low
flows (Q95) under two RCPs in the future are presented in
Fig. 4. Simulations using the RCP4.5 scenario indicate more
moderate changes to streamflows (Q5 and Q95), whereas the
RCP8.5 climate scenarios project larger changes. Under both
RCPs, decreases in general of Q5, and Q95, are projected in
all three future sub periods (A =2051-2080, B =2061-2090
and C =2071-2100), but the distribution of decreasing me-
dian values is generally wider under RCP8.5 than RCP4.5
in the middle and long terms. Furthermore, the distribution
of QO95 values in the near term is much larger under RCP4.5
than under RCPS.5. The greatest decreases of QS5 is projected
to occur in the near term under RCP8.5, whereas the greatest
decrease of Q95 is projected to occur in the long term under
the same RCP.

Figure 4 (to the left) shows the relationship between future
flows and two main climatic variables. The results show that
future rainfall will have a positive influence on future flows.
Indeed, the increase of this variable leads to an increase in
futures flows. On the other hand, an increase in future evap-
otranspiration leads to a decrease in future flows. For exam-
ple, at annual scale, an increase of 0 % to 30 % of the rainfall
leads to an increase in flows from 1 to 5m3/s. Conversely,
increasing the evapotranspiration from 0% to 28 % favors
a decrease in flows from —3.5 to —1.5 m>/s under RCP8.5.
Under RCP4.5, a decrease from —22 % to 0 % of the rainfall
leads to a decrease in flows from —3.5 to 0 m?/s.

3.2 Discussions

The ET and rainfall are an important climate variables that
directs the change in flows. Evapotranspiration is the high-
est outgoing water flux in the hydrological cycle and is of
vital importance in assessing the effects of climate change
in water availability. Allen et al. (1998) show, Evapotranspi-
ration changes, on their own or in combination with rain-
fall changes, can contribute to changes in hydrological in-
dices such as mean monthly river flows. Our study predicts
an increase of ET while the rainfall will decrease over Mono
basin. Simulations of future streamflows in the Mono River
project lowest increases and highest decreases of stream-
flows.

This can have a negative effect on future water availabil-
ity in the area. the energy use is also dependent on water
resources, and the availability and reliability of renewable
sources are function of climate conditions, which can vary
according to global climate changes. A possible and expres-
sive loss in electricity production capacity could bring se-
rious social and economic risks to the country. It was also
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Figure 3. Annual and seasonal changes in streamflows between the futures (2011-2040 in top and 2071-2100 in below) and the historical
period (1981-2010) for the average multi-models forced by RCP4.5 and RCP8.5 greenhouse gas scenarios in Mono Basin.

observed that the impact of rainfall reduction in flow produc-
tion in the Mono Basin will be accentuated. Similar to pre-
vious studies in other region, results showed that the evapo-
transpiration is in?uenced, to a large extent, by precipitation
(Liu et al., 2008). Morocco and Algeria appear to show an
increase in ETref and a decrease in precipitation for future
periods, meaning that water stress will become an even more
severe problem in these countries in the future (TERINK et
al., 2013). Jung et al. (2010) also found that the deficit of
available water resources would lead to a negative global
land surface evapotranspiration trend. Furthermore, a signifi-
cant decrease in water availability (surface water and ground-
water) due to a decrease in rainfall showed by Giertz and
Diekkriiger (2003) will exacerbate following the scenario
RCP8.5. Our work shows that such a change diagnosed on
the present climate is likely to persist of more and more in

Proc. IAHS, 384, 283-288, 2021

the future. The decrease of the rainfall in the Mono basin ap-
pears to be consistent with the evolution of the ETP because
a sharp increase in ETP could favor a decrease in the rainfall.

4 Conclusion

This study evaluated changes in climatic variables including
precipitation, flows and evaporation due to climate change
over the Mono basin in west Africa in the future periods
(2011-2100) using regional climate models under middle
and highest emission scenarios (i.e., RCP4.5 and RCP8.5).
The rainfall, flows and evaporation over the historical period
1980-2010 have been analyzed at seasonal scales and inter-
annual scales. The key findings of this study are summarized
below:

https://doi.org/10.5194/piahs-384-283-2021
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Figure 4. The relative mean changes of Q5 and Q95 under two RCPs (RCP4.5 and RCP8.5) in the future (A =2051-2080, B =2061-2090,
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of flows to main Climatic Variables (to the left).

1. Compared to the base period, Simulations of future
streamflows in the Mono River project lowest increases
and highest decreases of streamflows. It predict an in-
crease of ET while the rainfall will decrease.

2. The results of the Sensitivity of flows to climatic vari-
ables shows that there will be impacts on water avail-
ability from climate change, reducing the streamflows
in the studied area.

3. These results can serve as a basis for the implementation
of prevention and water resource management strategies
in the Mono catchment.

Code availability. The software R is freely available (http://www.
gnu.org/copyleft/gpl.html, GNU Operating System, 2021). The
code used in this study is not publicly accessible. Please contact
the authors if you are interested in this research code.

Data availability. All data can be accessed via the references:
Models data have been used in this study. It is a set of eight cli-
matic models outputs with daily time step and spatial resolution of
0.44° and available at: https://esgf-data.dkrz.de/projects/esgf-dkrz/
(DKRZ, 2017). The observed data used, are provided by the Togo
National Meteorology Agency (Météo Togo). Please contact the au-
thors if you are interested in this research data.
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