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ABSTRACT

The effects of climate on water resources can keadne of the serious crises that humanity willefae the coming
decades if the trend is not reversed in terms ofect climate parameters. This study examines fffiecs of current
climate conditions on the hydrological functionio§ the river zou catchment in Benin. The rainfalydrological and
thermometric data collected at the meteo-Benin ageand at the hydrology department of the Geneligdéddorate of
Water over the period (1965-2015) made it possiloieonly to analyze the current rainfall trendst lalso to appreciate
the hydrological behavior of this watershed. In erdo establish a link between the nature of thelggical substratum
and the availability of surface water in the stuahga, the temporal evolution of the recession étieffts and the dry

period of the water course were estimated at frioenlaw of Maillet.

The analysis of the results shows that the catchrama of the Zou River is characterized by a digant
fluctuation of its climatic parameters in receniyge The latter is illustrated by the observed rnagarainfall anomalies
of the 1970s, 1980s and a thermometric warmingdtrén the catchment. Between 1965 and 2010, meamahnn
temperatures increased by approximately 3.77 ° @ &71 ° C (Tmax and Tmin to Save) and 2.04 ° Chd8 ° C
respectively. (Tmax and Tmin to Bohicon). The af@netioned factors associated with the nature ofaggcal formations
have a differential influence on the availability surface water in the basin. Indeed, the dry-o#féicient is on average
0.019 d-1, duration of about 112 days at Domé (nmeme=ad over time) which is on sedimentary fornmegjovhile it is
0.046 d-1 45 days to Atcherigbe (faster) whichrighe (plinth).
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INTRODUCTION

The sometimes exceptional nature of drought evisnts major challenge for the international and ety African
community in terms of their effects on the surfaoel underground water resources of our variousralaes. Thus, at a
time when droughts and water shortages may becoone imtense in temperate regions, interest in llowd is growing
in the scientific community (Driessen et al., 20M@&rstrate., 2011). Indeed, the needs for watesatisfy the different
human uses that are growing at the rate of econa®i®lopment of our countries require a better kadge and
monitoring of the behavior of our water courses andies. Africa is now at the forefront of the issof the impact of

climate fluctuations on water resources (Kanohaigt2009). Indeed, the climate situation in We#tca in recent years
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has been marked by a repeated drought that becamgeaxacerbated in the 1970s and 1980s. Riverss lakd rivers are
at their lowest levels, with some even drying dtink, 2007). This drought has been widely descriaed analyzed by
many authors such as Brou (1997), Vissin, HoundéRauard (2007), Atchadé (2014) etc. It is the datgand most
continuous in the Sahel region (Sircoulon 1974kUh-Saharan Africa, as in many states of the wpddsible changes in
the river hydrological cycle appear gradually afidong period and under varied hydroclimatic ctods (Wesselink et
al, 1995). Rainfall deficits, observed globallyrétent years, both in the Sudan-Sahelian and abpietlands, have had a
significant impact on the water resources of theggons. Similarly, analysis of the main dryingrofers and rivers has
shown a significant increase in the drying coediitj i.e. a much faster draining of aquifers fraasibs supplying the base
flow (Olivry, 1997), the memory effect of the defpbm of underground reserves explains the persistexi changes in

hydrological regime variables.

In Benin, there has been a disruption of the oVevater cycle in recent decades as a result ofreedmughts
(Tapsoba 1997). These rainfall recessions resitfteth average 40% decrease in runoff in the Uppeetd watershed
(Tapsoba, 1997). The Zou basin, a sub-basin ofDihémé watershed (Atchadé, 2014), had experienceéel waess of
climatic and anthropogenic origin along with aletbasins of Benin (Le Lay, 2006). The objectivetho$ study is the
characterization of climate variability and its iagb on the drying up of surface water in the ZoveRivatershed in Benin

using statistical and hydrological methods.
Geographical and Geological Framework of the Envirament Study

Located between 7°15’ et 8°33’ of north latitudel dretween 1°35’et 2°14'of east longitude (Figurgthg course of the
Zou river shelters two hydrometric stations namégt of the Zou in Atchérighé drained by a basendion (Atchadé,

2011) and that of Domeé which is on a recent sediamgrtover of a sandy clay and sandstone naturkqB2004).

Impact Factor (JCC): 6.3238 NAAS Rui3.73
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Figure 1: Geographical Location of the Zou Basin.

Indeed, the upstream part of the basin (Sub-Achérgub-basin) as presented by figure 2 is builhimain the

crystalline and crystallphyllian plinth where thgpgly of drinking water is made from the alteriteest, cracks and open
fractures
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Figure 2: Schematic Section (E-W Oriented) of Alteed Aquifer Formations on
Migmato-Gneissic and Granitic Rock (Guiraud R., 198).

www.iaset.us

edi@iaset.us



82 @ais Asai. Akinni ATCHADE, Hervé Degla. KOUMASSI &omaric OGOUWALE

The southern portion is based on the series ofrsmds in the coastal sedimentary basin (upper czets)
marked by recent sediment cover above the crystallase, which is rated approximately 2% to theéhsolhese are

sandy-clay formations, waterproof marl clay, finkite sands with coarse aquifers and others (Figure
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Figure 3: Section Showing the Sterile Zone (‘dry beel') of the Turonian-Coniacian at the Level of
the Abomey Plateau (Geohydraulic-BUCRGEAP, 1988).

DATA AND METHODS USED
Nature and Source of Data
The data used for this study are:

» Climatological statistics: rainfall depths and mdptand annual temperatures of the rainfall statiomcated in the
Zou basin or in its very immediate surroundingsri®a Pira, Tcheétti, Savalou, Glazoué, Bohicon, Abpm
Zagnanado) over the period 1965- 2015 were colleatehe Weather Agency-Benin and at the Pierre IRBG
Laboratory (LACEEDE) of the University of Abomey-8si;

* Hydrometric statistics (monthly flows from Zou tdchérighé and Dome over the period 1965-2015) waen

from the databases of the Hydrology Departmenh®fGeneral Directorate of Water.

« Data on the geological formations of the study monuinent are taken from the geological map of B@uiblished
in March 1989-sheet Abomey-Zagnanado at 1/200,00@hoject F.E.D. N 5100-11-13-015) and the
hydrogeological map of Benin, scale 1/500,000thedi@/draulique, Maisons Alfort, France, Hainque-Reri
Paris, France, 1985).

Data Processing Methods
Study of Climate and Hydrological Variability in th e Basin

Rainfall and thermometric variability is characked from some techniques and methods of diagnolstiatology such

as determining the reduced centered anomaly aarthaal rainfall index with the formula:

Impact Factor (JCC): 6.3238 NAAS Rui3.73
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x|

X

SPI. = o{x)

It reflects a deficit or surplus situation relatieenormal

With Xi: rainfall of the year i; i ;X: inter-annual average rainfall over the referepegiod andza(x) the
standard deviation from inter-annual rainfall. Tager were used in the detection of dry or los&img years and wet or

surplus years over the reference period.
Determination of the Layer of Water Flowing in theBasin

To assess with great precision the blade passedim/&ou basin at Atchérighé and Domeé, it is neagsto determine the
flows caused by the rains that fell during the pebriThe assessment of flows in the study environmes based on the
following formula:

Vee 107

Le= S

With Ve, = Qt. Q corresponds to the flow of the basin (3% area of the basin and t time (s). The flow

coefficient, for example, allows the hydropluviomebehaviour of sub-basins to be analysed.
Determining the Flow Coefficient

The flow coefficient reflects the runoff capaciti/tbe basin. This coefficient is closely relatedctonatic variations and

reflects the relationship between rains and ru@idé&hé and Olivry 1995). It is determined from tlenfiula:

Ex
o =p w0
Which reflects the runoff capacity of the basinthaC the flow and P the rain. C evolves accordmglimatic
variations and highlights differences in behavibetween rains and runoffs. Its usefulness in thidyslies in the fact that
it also allowed to analyze the role played by eatlthe geological substrates in the level of avmlity (differential

hydrological functioning) of the water resourceghs two sub-basins of the Zou River.
Study of Drying Out in the Study Environment

The observation of the evolution of a decline framertain stage of the annual hydrogram, showstdedy decline of
natural flows (or drying phase). This is the peréading which groundwater draining is the only ¢dnttion to the flow
of streams in a basin. Since during periods of Veater flow are only provided by the emptying of dgureserves, this
input can be analyzed from the drying. This allavesto approach the rate at which aquifer reserveddeined from
different laws that propose to calculate a dryingfficient (Dewandelet al., 2003). To calculatestboefficient, the choice

was made on Maillet's law, which is most commordgdi(Tallaksen, 1995) and is determined by an exqé@l equation:

Ql — Qoe—i(x(t‘i—t‘o)
Where @ is the initial flow of the drying period, Qi théofv after a t time and the angular coefficient loé t
drying right. tiet to expressed in days, amdcoefficient of employment depending on the physimad geometric

characteristics of the aquifer, whose lavatorhesdapposite of time:
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1
a=—=
The assessment afin the Zou basin can be made by analyzing the befamydrograms observed at the various
hydrometric stations (Atchérighé and Dome) durihg period of low water, hydrograms reported on aplr Qo's
determination is to identify a phase of flow tha will call hinge, which can be used as a stantiomt for drying up. This
point is on the recession curve and should noab&dm the high water period so that, by closealation, the flow to the
rains of the corresponding period can be comparbis. method, already used by several authors iimojuide Barbé et al.
(1993) and EI-Ouafi (1993), Amoussou (2010) magmdsible to determine on the Zou watershed th@aeah evolution
of the drying coefficients and to assess the drydogation of this river. When the values of the etved flows (in
logarithmic scale) are ordered and the time-to-dagbscised, the elements of the calculation aaphically obtained.
Maillet's law clearly accounts for the decreasethia flow of a stream when the stretches are fedalsimple and

homogeneous tablecloth. The methodological appradopted resulted in the results presented below.

RESULTS AND DISCUSSION

Inter-Annual Variability in Rain Heights and Temper ature

Rainfall Trend

The analysis of inter-annual variability in rainidgigs shows that the Zou basin experienced a signif decrease in

rainfall in Atchérigbé as well as Dome from 19625 (Figure 4).

Atcherighe

Anomalies

1965 1970 1975 1980 1985 1990 19495 2000 2005 2010 2015

Dome

Anomalies

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 4: Interannual Variability of Rain Heights i n the Zou Basin
at Atchérighé and Domeé (1965-2015).
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In view of the negative rainfall anomalies obserpbe 1970s and 1980s were generally in defictitghout the
basin. This finding shows that droughts in Westidsfrin the 1970s in general affected Benin andethtiére Zou basin.

This situation has not been unseating on the hgdicdl behaviour of the Zou River watershed.

Thermometric Trend

The analysis of temperature change is of interestis study because this parameter influencegthporating power of
air and is a determining factor in the hydrodynanot underground reservoirs (Totin, 2010). The ysialof interannual

changes in maximum and minimum temperatures (Figuaed 6) shows a warming trend in the basin fergariod in

guestion.
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.Figure 5: Interannual Change in Mini and Maximum Temperatures at
the Synoptics Station of Savé from 1965 to 2010.

Overall, average annual temperatures fluctuated theestudy period. Overall, they rose from 30,40ii 1965
to 34,17 °C in 2010, with an increase of 3, 77 6€rhaximum temperatures and from 21.79 to 23,470tQ,.71 degrees
Celsius for mini temperatures at the Save statio@ontrast, in Bohicon, average annual temperattoge from 31, 29 °C
in 1965 to 33, 33 °C in 2010, an increase of 2;@4or maximum temperatures and from 22.19 to 23@38or 1,19 ° C
for mini temperatures. Overall, it is therefore emnbered that this warming is felt more in the wggstn part than in the

downstream part of the basin.
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Figure 6: Inter-Annual Change in Mini and Maximum
Temperatures at Bohicon Synoptic Station from 196% 2010.
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This raise in temperatures observed locally overdhtire Zou basin is greater than that of the IRZED7) i.e.

0.2 to 1 °C for Benin. This makes it possible tseas that the average values of specificities carobserved when

changing spatial scale. The increase in tempematgepled with the rainfall fluctuations noted ab@ould be detrimental

to the availability of water resources in the stetlyironment due to an increase in the evaporaiivger of the air.

Variability in Flow Coefficients on Different Formations

Figure 7 showing the variation in annual flow ci@énts (1965-2015) shows a decrease in averagss ftawer the period

1971-87 over the basin as a whole compared tordegmd post-basin periods. The most important ftoefficients are

observed at the Atchérigbé station in contrastdmB station. Indeed, the sub-basin of the Zou Thétighé which rests

on rocks less permeable, but more or less furniaume eroded, with a vegetation cover in plain dégtian due to

anthropogenic activities (agricultural productiodagro-pastoral activities) increases the intgrditirainage.

Impact Factor (JCC): 6.3238
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Figure 7: Seasonal Change in Flow in the Zou River

Watershed.
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The combined effect of the aforementioned aspewsts sab-basin morphology with slopes of more than 8%
(Bossa, 2007) favours the evaporation and rundfi@fsub-basin's surface waters at the expensdiltfition.

On the other hand, the Domé sub-basin, which relfes formation of permeable or semi-permeable risdde
with more or less continuous vegetation cover,a&hasry low drainage density while ensuring betwdiitiation of surface

water that will be used to recharge the water table
Analysis of the Coefficient and Drying Duration inthe Sub-Basins

The change in annual drying coefficients over teequl 1965-2015 is presented in Figure 8.
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Figure 8: Annual Change in the Drying Coefficient &4 Atchérighé and Dome.

The analysis of this figure points to a tendencintwease the coefficient of drying in the sub-baxfi Achérigbé,
unlike that of the Domé. Indeed, as shown in fi§uia the basin of Zou Atchérighé, as soon as dlwesrstop, there is a

rapid drying up (about 47 days) until the flow reas 0.89m/s, where there is a slowdown.

www.iaset.us edi@iaset.us



88 @ais Asai. Akinni ATCHADE, Hervé Degla. KOUMASSI &omaric OGOUWALE

Atchérigbeé (a)
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Dates
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Figure 9: Drying Time on a Pedestal in Atchérigbéd) and on
the Sedimentary at Domé (b).
On the other hand, in Domé, the drying duratioabsut 112 days. Thus, at the Domé station whiatmishe
sedimentary, there is a slower drying more spread time with a flow of stretch supported by thederground flow.
Across the basin, rainfall deficits are leadingatoincreasing decline in underground reserves. ,Tihesdraining of the

slicks of each of the sub-basins follows a dryig that grows from one sub-period to the next.
DISCUSSION

Like all of West Africa and Benin in particular,ettZou River watershed experienced spatial-tem@osshbility in its

climatic parameters with more pronounced rainfefiats over the sub-period from 1971 to 1987. Tditer is illustrated
by the negative rainfall anomalies observed duting1970s, 1980s and a warming trend in the basiis impacts the
surface water resources available in the studyrenrient. These results are consistent with thosaired in Benin by
Bokoet al., (2004), Vissin (2007) on the Niger axdoussou basin (2010), in the watershed of the Mahémé-Couffo

and Atchadé river-lagoon complex (2014), which replbat rainfall deficits in the 1970s and 1980séampacted the
flows of the various watersheds studied. For Ratitj(2008), the decrease in precipitation is ugwaltompanied by a
decrease in river flow as well as soil moistureelsy which together are the various factors of dmuThe study of
thermometric trends points to an increase in aweesmual temperatures of about 3,77 °C et 1,71 P@ax and Tmin in

Save) 2,04 °C and 1,19 ° C (Tmax and Tmin at Bat)icaThis same upward trend in temperatures, whih already
been highlighted throughout the Benin coastal sedtary basin by Totin (2010), has not remainednseguential to the
groundwater resources of this environment. Theemse in temperature associated with rainfall deficicreases the
evaporation loss over the entire basin. In additto this state of vulnerability of surface watarsaurces, the

topographical and geological positions of the stahyironment in general are added. This explairs differential

Impact Factor (JCC): 6.3238 NAAS Rui3.73
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behaviour of drying coefficients in the study eoviment with an average of 0.019 j-1, or about 1d¢sdn Domeé, and
0.046 j-1 or 45 days in Atchérigbé. But these dyyiimes appear longer than those obtained by Kdatagk, (2013),
which found a shortening of 1 to 9 days with anrage of 5 days of drying duration after 1 968 wvdtlging coefficients
ranging from 3.14.10-2 to 3.56.10-2 j-1 on bothesiabf 1968, an increase of 15.26% in the n'zi-baredévory-grade)
watershed, which is based on granite formationsmatges and granodiorites. The issues of dryinghape also been

described for other rivers in tropical Africa byeeal authors such as Vissin (2007), Amoussou (et
CONCLUSION

To round off, it should be noted that the studyclirhate variability in relation to surface wateso@rces highlights the
main factor of climate in the hydrological functing of the Zou River watershed. Thus, the negatamfall anomalies
observed during the 1970s and 1980s, accompaniednbincrease in annual temperatures, impacted caurfaater
availability throughout the Basin. Similarly, theatuation of the drying coefficients allows highiting the differential
hydrological functioning of each of the sub-bagiaAtchérighé and Dome) of the study environmentaAssult, there will
be a trend towards increasing the coefficient gfrdy and a faster and less spread over time irstiftewatershed of the
river at Atchérigbé which is on base formationsijlevthe latter appears to be lower with a slowsfirdy and more spread
over time at the latitude of Domé which is on seshitary formations. This differential functioning tbfe two sub-basins
should be taken into account in the implementatibdifferent adaptation or mitigation strategiestle face of current

climatic conditions in the major watersheds of Benigeneral and that of the Zou River in particula
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