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Abstract: The present work aims to contribute to a better understanding of the impacts of climate change on the availability
of surface water resources m the Mékrou sub-basin at the Yakngourou outlet in northern Benin. To aclueve tlus objectve,
descniptive stanstical methods were applied to hvdro-climatological data. The nstorical data were taken from the Meéteo-Bémmn
databasze and from the General Directorate of Water in Benin. The simulation data are those of the HadGEM2-ES chmare
mode] under the RCP 4.5 and RCP 8.5 scenanos and then at honzons 50 (2041 1o 2060) and 70 (2061 to 2080) The results
show that the period from 1965 to 2018 15 globally characterised by a strong wregulanity of ramfall with a decreasmg trend and
a multiplicanion of dry vears estimated ar 54%. In the same way. the runoff decrease about 5.8 m’'s during the decade 2007-
2016, Under the most pessinustic scenano (RCPS 5) and compared o the reference pened (1971-1990), the HadGEM2-ES
model predicts an mcreaze m annual precipitation estimated at 8.29% by 2041-2060 and 13 33% by 2061-2080 As regards
temperature, there could be an increase of 2 4%C by 2041-2060 and 3.7°C by 2061-2080. These chimaric events affect the
avarlabaliry of surface water resources m the sub-basm

K{'}'“'Dl'ﬂs: Clunate Change, Sensitivity, Water Resowrces, Mekrou Sub-basin

manifested. among other tungs. by mecreased vanability m
ramfall, mereases m maxumum temperatures of 0.5 1o 0.9°C
and bevond —1°C for mimimum temperatures [3]

In Benin. several authors meludmg [4 - 12] have shown
that the chimatic phvsiognomy has undergone changes

In Mekroun catchment. Vissin [I3] showed that for a
raufall deficit of -12% during the sub-period 1973-1992

1. Introduction

The chmatic parameters that play a role in the availabality
of water resources are mamly precipitation. temperature and
evaporative demand [1]. On a plobal scale. the seiennfic
commuMuty 15 mmammous about the impact of vanatiens m

these parameters on surface water resources and its PR £
55- d a r ¥ -
corollanes. Indeed. according to projections, mcreases i compared to 1955-1972, there 15 a 72% decrease in rmoft

precipitanion mtensity and varability are expected to increase Sumlarly. m the same area. by usmg'n _‘Et of three Clunanes
the ik of floods and dmuglm in several Iegiﬂ]li [1] and hladels I:VIPI-R.EZ&[G_ DAI-HIRHAMS and E}-H‘E—R’C.—"L—I-}I

Obada and al.. [14] mdicates an merease m rminfall amounts
over the period 2071 - 2100 for the RCP 4.5 and RCP 8.3
geenarios. Yabi [15] showed thar the Sudanian zone of Bemn,

global warmung of 2°C rather than 1.5°C would merease the
risk of water scarcity in some regions [3]
In Africa. and manly 1 West Africa. climare change 15
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to which the Mekrou basin belongs., 15 affected by the
phenomenon of drought. which manifests itself in particular
through significant ramfall deficits. late onset and early
cessation of ramnfall. and the appearance of drv sequences.
These results show the complexity of climate change. whose
impacts on water resources are obvious and can vary from
one hvdrological sub-umit to another. What then are the
effects of the vanation of climaric parameters on the surface
water resources of the Mekrou sub-basin at the Yakrigourou
outlet? The present article aims to provide a solution to this

question bv characterising climate vanability and its wmpact
on surface water resources m the Mekrou sub-basin at
Yakrigourou.

The Mekrou sub-basin at the Yakrigourou outlet 15 located
i the northern part of Benin between 107 and 10°50' North
latitude and between 1°31' and 2°10' East longitude (Figure
1). It covers an area of about 2643 km® and is spread over
four communes. namely Kouandé (59%). Kérou (19%).
Péhunco {21%) and Natitingou (2%).

1'1'5'L I'JID'L I'4I5'L 2“?’L 2'1.5'L
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Burkina Faso
W E
z
;; Banikoara H
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Figure 1. Sudy area.

2. Data and Methods
2.1. Data

The climatic data wsed in this study include monthly
rainfall from three rainfall stations (Bimi. Kouvandé and
Kérou) belonging to the study basin region, monthly
temperatures and potential evapotranspiration from the
synoptic station of Natitingou. They are collected from Benin
Meteorology agency. Historical rainfull and temperature data
cover globally the period 1965 to 2018. The future data
concern the HadGEM2-ES (Hadlev Global Environment
Model 2 - Earth System) climate model under the RCP 4.5
and RCP 8.5 scenarios and at horizons 50 (2041 to 2060) and
70 (2061 to 2080). They come from the archives gathered
under the World Climate Research Programume (WCRP)
Coupled Model Intercomparison Project 5 (CMIP5) [16]. The

hydrometric data used are obtamed from the hydrology
department of the Directorate General of Water in Benm.
These are daily flows from the Yakrigourou station over the
period 2007 to 2019.

2.2, Methods

The rainfall average one the sub-basin has been calculated
Thiessen method written as (1) because the application 1s
easy [17]. La figure 1 présente aussi les awres du bassin
délimitée par le polygone de Thiessen Figure 1 also shows
the areas of the basin delimited by the Tliessen polygon.

P=gzpt M
P- rainfall average in the sub-basin:

5;: Sub basin area délinutated by Thiessen polygon for the
station « 7 »:
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Py: Anoual ramnfall for the station « § o

Fy: Total surface of the sub-basin

The Standardised Index (SI) has been used for the
determination of drv and wet vears for precipitation and coel
and warm wvears for temperature. This index is used by
several authors including [18] and 15 wnming by the
followmng formula (2):

Xa=Xm
.g.f¢ = l:"_y E.E]'

This formula was apphed to the ramfall, temperature and
flow data

When considening rainfall data. X; is the annual rainfall
average for the vear wav in the sub-basin; X, and o,. are
respecnvely the mean and standard devianon of the annual
ramfall m the sub-basin.

To analyse the Standardised Precipatation Index. we
consudersd the seventy thresholds estabhished by the standard
deviahon method presented i Table 1 [19]

Table 1. Classification of dronghs indicarors.

SPT values Claszes

More than 2 0 Extremely wet
133199 Severely wet
1.0al43 Moderately weat
009 5099 Near normal
-la-142 Moderately dry
A15a-199 Severely dry
Legs than -2.0 Exremely dry

Climate change 15 analysed wang the methods of [20] and
[21] also uzed by [16]. They meet the followmng formulas (3}

Dyorix = Puoriz — Frey and Engeis :M‘ 100 (3)

ref

where D is the relative difference, Puopie = average horizon
50 (2041-2060) or horizon 70 (2061-2080). P,y = average
for the reference penod (1971-1990) and E = % difference
corresponds to the relative increase or decrease in average
precipitation o temperature  (honzon 2050 or 2070)
compared to the average of the reference penod (1971-1990).

The availlabality of water resources 15 analvsed by the
chmate balance (4) also used by [13]:

Bc=P—ETP 4)

Where fic 15 the climanc balance i mm, P 15 the ramfall
m mm and ETFP means the potenhal evapotranspiration in
m.

If Bc = 0. the balance s surplus; if Bc = 0. the balance 1s
deficit and 1f Be = 0 the balanece s balanced.

3. Results

3.1, Current Hydro=climatic Trends in Mekron Sub-basin ar
Yakrigonron

A 1.1. Rainfall and Thermal Variability in Mekron
Sub-basin ar Yakrigouron
Fizures 2 and 3 presented respectivelv the vanation of the

standardised ramfall mdex and the remperature m the sub-
basin of the Mekron at Yakngourou

The analysis of figure 2 shows that the penod (1965 -
2018} 15 globally characterised by a strong wregulanty of
ramnfall with a downward trend estimated at about 144%,
There has also a multiphication of the number of dry years,
estimated af 54% and covermg the years from 1980 to 19590,
The vears 1983 and 1992 show a severe drought with an
ndex of 1.77 and 1.71 respectively. At the same time, higure
3 shows that 56% of vears including the period from 1998 to
2012 were warm By the moving average. we observe an
mereasing trend of the average temperature. estimated at
0.4°C in the sub-basin.

j 2
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Fignre 1. Evolution in the standardizad pracipitation mdex.
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Figuse 3. Evelution tn the standardized famparannre index.

3.1.2. Flow Variabilfty in Mekron Sub-basin af Yakrigouron

Figure 4 shows the mter-annual vanability of the Mekrou
flow m Yaknigourou. From the analysis of tlus figure. 1t can
be seen that the svolution of the mdices shows an unportant
vartation of the flows in the sub-basin. The moving average
has allowed for a better visualization of the vanation of flows
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and clearly shows the decade from 2007 to 2016 as a dry
period with a decrease in flow by 5.8 n1'/s. We also note that

2.5
)
3 15
=
=
gos I T
a p——
9 [ ] -
m
2
@ L5
&
-2.5
i=1 (=] (=] E 8 8
3 B B B B R

— S

the pertod from 2017 to 2019 1s wet.

-
P ma o \.1 s b .._.
o =] o =] Q Q =]
=y [ [t P o S ey
w = wn o ~ = o
Years

—— S-year moving average

Figure 4. Evolution of the standardised flow index between 2007 and 2019 at Takrigouron.

3.2 Climate Prajections in Mekrou Sub-basin at
Yakrigourou

Table 2 presented the vanation of annual ramnfall mean for
horizon (2041-2060) and the horizon (2061-2080) compared
to the reference period (1971-1990) under the RCP 4.5 and
RCP 8.5 scenarios.

Table 2. Projected change in annual average precipitation.

RCP 4.5 Scenario RCP §.5 Scenario

Average Variatiom Averagze  Variatiom

(mm) (%) (mm) (%)
Horizon 50 (2041 - 2060) 121267 6.62 1231.67 829
Horizon 70 (2061 - 2080) 124133 914 1294 67 13.83

The analysis of this table shows that the HadGEM2-ES
model predicts an increase of annual rainfall for all scenarios.
According to the RCP 4.5 scenario, this increase 15 estimated
at 6.62% between the periods 1971-1990 and 2041-2060 and
8.29% between 1971-1990 and 2061-2080. When
considering the most pessimistic scenario (RCP 8.3). those
percentages rise respectively to 8.29% and 13.83%. On a
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monthly scale (Figure 3), the month of Apnl. which currently
marks the start of the rainy season. will experience a decrease
in ramfall, whatever the scenario and the time horizon. This
decrease 15 estimated at -14.3% under RCP 4.5 and -8.3%
under RCP 8.5 at horizon 50, then at -10.2% under RCP 4.5
and -9.2% under RCP 8.5 at horizon 70. On the other hand.
the month of March, currently in the dry season, will
expenience an increase of ramfall. The increase is more
significant 1 the ramy months. particularly August and
September. and could lead to flooding in the sub-basin.
Considering the temperature, we note that the model
predicts an increase by 1.6°C under RCP 4.5 and 2 4°C under
RCP 8.5 on the horizon 2041-2060 and also by 2.2°C under
RCP 4.5 and 3.7°C under RCP 8.5 on the horizon 2061-2080.
In addition. the mcrease of temperatures 15 observed from
Janvary to December and the walues under the most
pessimustic scenario (RCP8.3) are clearlv higher than those
obtained under the RCP4.5 scenario as shown in figure 6.
This sttuation will increase the evaporative demand from the
atmosphere and could worsen the surface water shortage.

Haorizon 70
50
=
- 25 I I
=
£, il il
e Il -
£
g,ln -25
i
2
] =50
-75
— ke R ke
FrEEFs525 85858
:sEqu—-mEo:E
® o0 = 2 05 9 o
= @ Months a9 3 3
o zg
[}
B RCP 4.5 BMRCP 8.5

Figure 5. Change of projected monthly raimfall
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Figure 6. Change in projecied monthly temperatures.

3.3. Potential Impacts of Climate Change on Water
Resonrces in the Sub-basin

Figure 7 shows that the climate balance 1s negative from
October to May and positive from June to September. The
average monthly temperatures vary from 24 8% i August,
which comncides with the strongest climatic balance of about
+171.92 mm. to 30.2°% in March, which has the most

deficient climatic balance estimated at about -134 36 mm. In
addition, the interannual climatic balance 1s globally negative
and estimated on average at -292.92 mm. These results show
the reinforcement of the evaporating power, particularly from
October to May, which corresponds to a climatic pressure on
the water resources i general and surface water m the
catchment area in particular.
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Figure 7. Average temperature and monthly climate balance.

4. Discussion

The decreasing rainfall trend 15 consistent with studies
carried out in the Mekrou catchment by [13] and in border
regions such as Burkina Faso [22, 23] and on the Kara basin
i Togo [18, 24]. The author [13] also noted a decrease i the
flow of the Mekrou and the increase in dry vears
corroborating the results obtamed by [15] m the Sudaman
zone of Bemin. Moreover, the temperature mcrease 15 in line
with the results of [25] n West Africa and confirms once
again the problem of global warming with its corollaries such
as the mcrease 1n the evaporative capacity of the area and the
pressure on surface water resources [18, 21, 26]. In the Oum
Erbia water basin m Morocco. [27] also observed an increase
in its average temperature. This situation, which could

worsen in the future at the level of the Mekrou sub-basin at
the outlet of Yakrigourou. will limit the availability of
surface water resources and in turn impact the human
population and agricultural activities as notified by [18] i
2019 in the Kara catchment.

5. Conclusion

The present studyv revealed that the Mékrou sub-basin at
the Yakrigourou outlet. between the period 1965 - 2018 is
characterized by a strong irregularity of rainfall with a
downward trend estimated at about 144% and then an
increase i dry vears estimated at 54%. Temperature, like in
West Africa. has increased by 0.4°C. while runoff has tended
to decrease over the decade from 2007 to 2016. On an annual
scale and according to the RCP 4.5 scenario, ramfall could
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mcrease by 6.62% at the horizon 2041-2060 and by 8.29% at
the horizon 2061-2080. On the most pessinistic scenario
(RCP 8.5). those percentages rise respectively to 8.29% and
13.83%. With regard to temperature, an increase is also
expected whatever is the scenarie and the period. The
meonthly climate balance 1s negative from October to May
and positive from June to September. The results showed an
mcrease of evaporative capacity, which corresponds to
climatic pressure on surface water resources.
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