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Abstract

In the context of climate variability resulting in a decrease in rainfall with a
severe drought, a spatio-temporal study of this phenomenon remains impera-
tive for the efficient management of water resources. This paper aims to as-
sess the long-term rainfall drought trend and breakpoints within the Comoe
River watershed. From monthly rainfall data series (1960-2000), Standardized
Precipitation Index (SPI) values were calculated for a time scale of 3 months
(SPI.3). Statistical tests for breaks (CUSUM, and t-Student) and trends
(Man-Kendall and Linear Regression) as well as the Sen’ slope method for es-
timating the magnitude of trends was applied. The breaks dates observed are
mostly located after the 1970s. Based on SPI.3 values below the threshold of
0.84 chosen as an indicator of drought, rarely has more than half of the cat-
chment area been affected by drought. The average watershed affected is
about 20% over the study period (1960-2000). The most representative years,
in terms of spatial expansion of the drought, in decreasing order of impor-
tance are: 1983, 1992, 1972 and 1982. The years 1982 and 1983 stand out for
their exceptional condition, as the drought-affected 50% to 90% of the total
catchment area. SPL.3 series from 1960 to the various break dates recorded
slopes between —0.01 and 0.00 with a slight drought trend for most of the
catchment. After the break periods, almost the entire northern part of the ba-
sin is characterized by slight moisture with Sen’s slopes between 0.000 and
0.005. The southern part will remain slightly subject to normal rainfall condi-
tions.
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1. Introduction

Life sustainability is not possible without it. The abundance of water brings com-
fort, whereas in its scarceness life becomes miserable. Human beings are depen-
dent on water in almost every activity within the environment. If water is scarce
or not available in sufficient quantities at a location, then human beings migrate
to better water resource locations, which are riverbanks, lakes, seashores, oases,
or shallow groundwater reservoirs. The evolution and development of any civi-
lization have roots in water-related management activities. Such activities are the
start of social gatherings, cultures, and civilizations. Any civilization is under the
pressure of internal and external impacts and urges for food security, which
cannot be achieved without water security. Water resources have been and still
are under internal and external pressures. Drought is a creeping natural hazard
that results from a deficiency of precipitation (runoff, soil moisture) from the
long-term average (over at least 30 years), which is referred to as a normal value
[1]. One of the main consequences of multiyear drought periods is severe famine,
such as the one associated with the drought in the Sahel in the 1980s, causing
many casualties and important socio-economic losses. The people in Africa who
live in drought-prone areas are vulnerable to the direct impacts of droughts (e.g.,
famine, death of cattle, soil salinization), as well as indirect impacts (e.g., ill-
nesses such as cholera and malaria) [2]. Agriculture in Africa and more precisely
in sub-Saharan Africa is almost 95% rain-fed. It, therefore, remains very vulner-
able to fluctuations in needs [3].

The water sector is strongly influenced by, and sensitive to, periods of pro-
longed drought conditions in a continent with limited water storage infrastruc-
ture. Natural water reservoirs such as lakes experience a marked interannual
water level fluctuation related to rainfall interannual variability [4]. Large changes
in hydrology and water resources linked to climate variability have led to water
stress conditions in human and ecological systems in a number of African coun-
tries [5] [6]. The Comoe River watershed is a transboundary basin located in West
Africa. Water resources of this basin are, in fact, shared between Codte d'Ivoire,
Burkina Faso, Ghana and Mali. The climatic variability affecting this area of
Africa is characterized by a decrease of around 20% to 30% in rainfall and an
even greater drop in the flow of surface water [7] [8]. Based on this observation,
what could be the impact of this climatic variability on the spatio-temporal ma-
nifestation of meteorological drought in the watershed? Trying to answer this
question will guide us throughout this research work.

Several drought indices in the literature have been used to appreciate the me-

teorological drought. Most of these indices depend on the time scale. Indices in
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Heim [9] work were used. Many methods are used for the characterization of
rainfall drought, such as, the traditional one: the Nicholson index, which impos-
es a 1-year scale and does not require adjustment. Besides the Bhalme and Moo-
ley Drought index which is simple and less complex. Also, the Standardized Pre-
cipitation-Evapotranspiration Index (SPEI) associates, in addition to rain, eva-
potranspiration as input data for calculations. There is the SPI (Standardized
Precipitation Index) by [10]. This index is very flexible and less demanding in
terms of input data, which earned it recognition from the World Meteorology
Organization [11]. Some drought indices specifically reflect one type of impact
or application, while others can be configured to correspond to varying impacts
and thus drought type. For example, SPI, which is a meteorological drought, can
be deployed for longer time scales to reflect agricultural and hydrological
droughts/impacts [12].

Drought differs from other natural hazards (e.g., floods, tropical cyclones, and
earth-quakes) in several ways. First, since the effects of drought often accumu-
late slowly over a considerable period of time and may linger for years after the
termination of the event, the onset and end of the drought are difficult to deter-
mine. Because of this, drought is often referred to as a creeping phenomenon
[13]. Among the natural hazards, droughts possess certain unique features; in
addition to delayed effects, droughts vary by multiple dynamic dimensions in-
cluding severity and duration, which in addition to causing a pervasive and sub-
jective network of impacts makes them difficult to characterize. In order to man-
age drought, drought characterization is essential enabling both retrospective ana-
lyses (e.g., severity versus impacts analysis) and prospective planning (e.g., risk as-
sessment) [12]. This scientific paper is part of a retrospective framework. The aim
of the study is to assess the impact of climate variability on the spatio-temporal
variation of meteorological drought using the SPI index. Knowledge of the past
manifestations of this phenomenon is of the capital interest because it allows
firstly making a quantified assessment of socio-economic losses and secondly to

set up models for the management of future droughts based on past events.

2. Location and Climate of Study Area

The Comoe River watershed is a transboundary basin shared by Céte d’Ivoire,
Burkina Faso, Ghana and Mali (Figure 1). It is located between latitudes 5°02'
and 11°04' North and longitudes 2°07' and 5°81' West of the geographic coordi-
nate system (WGS 84, zone 30 N).

The study area is located in the eastern part of Cote d'Ivoire. It is bounded in
the north by the Niger basin, in the northeast by the Volta Basin, in the south-
east by the Bia basin, in the west by the Bandama basin and in the Agnéby coast-
al basin. In the southern part, it’s bounded by the Atlantic Ocean in the Gulf of
Guinea [14]. Following a common method already used by [15], considering the
limit of 100 mm of monthly rainfall to separate the wet season from the dry sea-

son, the following observations are made: 1) the South of the basin, represented
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Figure 1. Location and rainfall gauges of Comoe River watershed in West Africa.

by Abidjan’s station, presents in median values a big rainy season of 5 months
(March-July). It is separated by a short-wet transition period of 2 months (Au-
gust-September), and a second rainy season of 3 months (October-December),
itself finally separated, from a largely dry season of 2 to 3 months (December to
February); 2) the center of the basin, represented by the Dimbokro station inland,
the first rainy season lasts at the limit between 4 and 5 months (March-July, the
median of July is 82.9 mm). This period is separated by a wet transition of one
month (August), and a small rainy season that lasts more than 2 months (Octo-
ber-November), but separated from a largely dry season of 4 months (November

to February); 3) the North (Bouna station), on the other hand, the monomodal
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regime has taken precedence over the bimodal regime. The only rainy season
that lasts 6 to 7 months (April-October because if the median of April is 90.7
mm, that of October is 98.2 mm) is opposed to a long dry season of about 5 to 6
months (October/November to March). As one moves from the South to the
North, the coastal areas and their immediate hinterland appear much more ad-
vantageous than those in the transition zone in terms of rainfall abundance. The
central regions are more favored than those of the North in sub-Sudanian zones
with unimodal rainfall [16] as noted by [17].

3. Data and Methods
3.1. Rainfall Database

Study data are essentially monthly rainfall data. The rainfall gauges are irregu-
larly arranged on the basin and most of them are outside the basin (Figure 1).
However, they influenced the meteorological functioning of the basin on the basis
of Thiessen polygons. Data quality and spatialization are relatively good. However,
they have a few gaps (which were filled). Also, to obtain a sufficient amount of
data for the drought spatialization, the data used is from 1960 to 2000. Thus, the
rainfall data of the study have, at least, a time series of 40 years. In addition to
these rainfall gauges, Abidjan's rainfall station was used for the needs of the study
(the measurement network is less dense). The hydroclimatic data in Cote d'Ivoire
were made available by SODEXAM (Société d’Exploitation et de Développement
Aéroportuaire, Aéronautique et Météorologique). Some rainfall gauges located in
Burkina Faso, from IRD (Institut de Recherche pour le Développement) data-base,
were used. Figure 1 shows the different rainfall gauges and their geographical
positions.

3.2. Standardized Precipitation Index (SPI) Calculation

Highlighted by the WMO as a starting point for meteorological drought moni-
toring, recommended by WMO in 2009 as the main indicator for monitoring
drought, easy to calculate and applicable in all climates, free software is available
for calculation. The Standardized Precipitation Index (SPI) was developed by
[10] to serve as a “versatile tool in drought monitoring and analysis”. The SPI
calculation for any location is based on the long-term precipitation record for
the desired period. This long-term record is fitted to a probability distribution,
which is then transformed into a normal distribution so that the mean SPI for
the location and desired period is zero [18]. Positive SPI values indicate greater
than median precipitation, and negative values indicate less than median preci-
pitation. Since SPI is normalized, wetter and drier climates can be represented in
the same way. Although SPI can monitor wet periods, it is typically used to as-
sess the length and magnitude of drought events. Reference [18] found the
gamma distribution to fit well to the climatological precipitation time series. The
gamma distribution is defined by its frequency or probability density function
(Equation (1)).
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In which a and S are the shape and scale parameters respectively, x is the pre-
cipitation amount and I'(a) is the gamma function. Parameters a and g of the
gamma PDF are estimated for each station and for each time scale of interest (1,
3, 6, 9, 12 months, etc.). With n the number of observations, maximum likelih-

ood estimations of aand fare (Equation (2)):

C L[y [ AA) 45X in(x)-2n(x)
“‘ﬂ(“ 1+?j,ﬁ_a, where A=In(X) . (2)

The resulting parameters are then used to find the cumulative probability of
an observed precipitation event for the given month and time scale for the loca-
tion in question. Since the gamma function is undefined for x = 0 and a precipi-
tation distribution may contain zeros, the cumulative probability becomes (Equ-
ation (3)):

H(x)=a+(1-a)F(x) (3)

In which g is the probability of zero precipitation and Ax) is the cumulative
probability of the incomplete gamma function. If m is the number of zeros in a
precipitation time series, then g can be estimated by m/n. The cumulative prob-
ability H(x), is then transformed to the standard normal random variable z with
mean 0 and variance of 1, which is the value of the SPI. According to the SPI, a
drought event occurs when the index continuously reaches an intensity of —1.0
or less. The event ends when the SPI becomes positive. Each drought event,
therefore, has a duration defined by its beginning and end, and intensity for each
month that the event continues [19]. The SPI can track drought on multiple time
scales. It is usually computed with five running time intervals, Ze, 1, 3, 6, 9, and
12-months, but the index is flexible with respect to the period chosen, which
depends on the amount of information needed by the researcher. Moreover, be-
ing a standardized index, the SPI is particularly suited to compare drought con-
ditions among different time periods and regions with different climatic condi-
tions. The SPI is the number of standard deviations that the observed value
would deviate from the long-term mean, for a normally distributed random va-

riable. Table 1 gives an interpretation of the resultant values.

3.3. Statistical Tests for Breaks and Trends

The purpose of the trend and break tests in the SPI.3 series is to assess the tem-
poral distribution of the chronicles in the Comoe basin. In fact, there are many
parametric and non-parametric methods cited by authors such as [20]. The me-
thods selected among many others for determining breaks, trends in a series are
based on the work of Krishna [21]. The most effective non-parametric tests for
breaks in series are the Mann-Whitney test [22], the Free-CUSUM test and the

parametric t-Student test. As for trend assessment, the non-parametric Mann-
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Table 1. Different drought classes according to SPI values [10].

SPI values Classification
2.00> Extremely wet
1.50 - 1.99 Very wet
1.00 - 1.49 Moderately wet
0.99 - -0.99 Near normal
—-1.00 - —1.49 Moderately dry
-1.50 - -1.99 Severely dry
-2.00< Extremely dry

Standardized Precipitation Index (SPI) has been calculated using version 1.5 of the DrinC
software.

Table 2. Different statistical tests used in the study.

Test Break detection Trend detection
Non-parametric Free CUSUM distribution Mann-Kendall
Parametric t-Student Linear regression

Kendall test and the parametric regression test have proved effective in several
studies of trend characterization in hydroclimatic series [20] [23]. The different
tests used in this study are listed in Table 2, and the related statistics are in [18].
Hydrological series are rarely symmetrical and the normality condition is not
always verified for the application of parametric tests. In this case, resampling

techniques are used.

3.4. Resampling (Block Bootstrap/Block Resampling)

In order to avoid the application of parametric and non-parametric tests, e,
normality and independence, “resampling” methods were used. Resampling
techniques are a particularly flexible approach as they can be used even when the
data are auto-correlated or cyclical, using block bootstrap or block resampling
techniques [20] [24]. In this approach, the original data (the SPI.3 values in the
study) are resampled in predetermined blocks for a large number of times to es-

timate the significance of the observed statistical test.

3.5. Estimation of Drought Amplitude (Sen’s Slope)

In the present study, the linear trend is analyzed and the magnitude of the trend
is estimated through Sen’s slope method used by [25]. Sen’s median slopes me-
thod gives a robust estimate of the tendency [22] [26]. It calculates the slope
(Equation (4)) as a change in the value of the distribution in a given time interval.

I_Xt'_Xt
Q=== (4)

Q’: Slope between data points X, and X, ;
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X, : value of xat ¢}
X, : value of xat ¢
Sen’s slope estimator is expressed as the median of the slopes (Equations (5)
and (6)).
Q=Q\vu if N iseven (5)
()
%y
if N is uneven (6)

Q= 2

where Nis the number of slopes calculated.
Finally, the slope is examined by the bilateral test with a standard deviation of

100 (1 — a) %, and the true slope is obtained by a non-parametric test.

4. Results and Discussion
4.1. Basin Area Affected by Drought

Based on the SPL3 index values below the threshold of 0.84, chosen as the
drought indicator, Figure 2 shows the area of the watershed affected by drought.
Rarely, more than half of the watershed area has been affected by drought. The
mean surface area of the affected Comoe watershed is about 20% during the
study period (1960-2000). The period from 1980 to 1983 is characterized by ex-
ceptional events. Drought is spreading about 50% to 90% of the total area of the
watershed. The year 1983 corresponds to the period where the large surface of
the basin was affected. Sorting is based on months when more than half of the
watershed area experienced drought. The corresponding duration is approx-
imately 4 years and a half, ie.,, 54 months out of 480 months. This corresponds
to 11.25% of the study period during which the drought-affected more than half
of the study area. The most representative years, in terms of spatial expansion of
drought, in descending order are 1983, 1992, 1972, and 1982. Figure 3 illustrates
the areas of the basin that were most affected during these four exceptional years.
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Figure 2. Temporal evolution of the percentage of the Comoe Basin area affected by the
drought from 1960 to 2000.
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Figure 3. Spatio-temporal evolution of the intensity of drought episodes within the Comoe Basin: (a) in 1972; (b) in

1982; (c) in 1983 and (d) in 1992.
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4.2. Emphasis on the Exceptional Years of Drought

Although the 1970s saw the beginning of a few events of drought, the 1980s
marked the beginning of episodes of extreme drought and more spatially extended
(Figure 3). In 1972 (Figure 3(a)), the drought settled in the central and northern
parts of the basin, excepting the northwest with stations like Ferkessédougou and
Ouangolodougou. Between the central and the northern part of the catchment,
only a tiny part of the basin around Daoukro and Grand-Bassam is affected.
Only around Tafiré station, the drought is of “moderate” type. A decade later,
starting in 1982, the drought spread more in space terms and also increased in
intensity (Figure 3(b)). The central-eastern and southern parts will be under the
influence of moderate to weak drought. Only the extreme south with cities like
Alépé, Adiaké, Aboisso and Grand-Bassam and the north with towns like Oro-
dara and Ouangolodougou are spared. The year 1983 recorded the most dra-
matic drought because it affected almost the entire basin with acuteness. In ad-
dition, this year has been characterized by intense to extreme droughts (Figure
3(c)). From 1992 onwards, the drought has been reduced to a lesser extent. Only
the extreme north has experienced intense drought. There is also a recovery in
rainfall around Ferkessédougou and Agnibilékro (Figure 3(d)).

4.3. Meteorological Drought Length per Rainfall Gauges

The occurrence of the different drought durations at the threshold SP1.3 < —0.84
is shown in Figures 4(a)-(d). Stations have a duration that varies between 1 and

5 months mostly. 1, 2 and, to a lesser extent, 3 months are the most frequent

) i)
Drought length (Month) 11 2 W3 W4 [s5+ Droughtlength (Montn) M1 2 W2 MW+ M5+
2 o
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Figure 4. Rainfall drought length per gauge from 1960 to 2000 (a)-(d).
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durations. However, rainfall deficits of more than 4, and 5 months have more or
less significant numbers. The stations located in the southern part of the basin
(Grand-Bassam, Abidjan, Adiaké, Adzopé, Alépé, and Aboisso) are characte-
rized by an average of 40 months of drought over the study period. In compari-
son, almost all stations in the central part (transitional equatorial climate) and
the northern part (tropical climate) have more than 40 months of drought, with

the exception of the gauges of Bouna, Tengréla, Ouangolodougou and Orodara.

4.4. Trend and Stationarity Break within SPIL.3 Series

The parametric (t-Student) and non-parametric (CUSUM) tests for breakpoint
show similar results for almost all the stations studied. The same observation is
made for the two trend tests (Mann-Kendall and Linear Regression), which also
show similar results except for the Abengourou and Ferkessédougou stations
(Table 3). Indeed, for these two series of SP1.3, the linear regression test is insig-
nificant while that of Mann-Kendall is significant at the risk of error a = 0.05.
However, statistic tests used would be robust for the analysis of the temporal sets
because of the concordance between them. The stations as a whole show declin-
ing trends in SP1.3 values, hence a propensity for drought.

It should be noted that only the Ouellé gauge at the center of the basin and
those of Tafiré and Ferkessédougou in the northern part are known an increase
in SPIL.3 values, resulting in increased humidity. This indicates a resumption of
rainfall in these localities. The break dates in the series are variable. The break
observed before 1970 concerns the Orodara, Grand-Bassam, Bouna and Kampti
stations. Between 1970 and 1980, breaks were observed in the series of Ouangolo-
dougou, Abengourou, Dabakala, Adzopé, Bondoukou, Agnibilékrou, M’Bahiakro

stations.

4.5. Spatial Distribution of SP1.3 Trends before and after
Homogeneity Break-Points

Climate variability impact on the spatio-temporal distribution of drought is es-
timated across the Sen’s slopes calculated for SPI.3 time series before and after
the break-points (Figure 5). At the basin scale, Sen’s slopes are low (hundredth
order). Times series from 1960 to the various break dates record negative slopes
between -0.01 and 0.00 characteristic of a slight drought trend for most of the
catchment (Figure 5(a)). Only the northeastern part of the basin experienced an
increase in humidity during this period, with a higher level of humidity in the
extreme northeast around the towns of Kampti and Orodara, where the slopes of
Sen fluctuate between 0.010 and 0.020. In contrast to all the catchments, the ex-
treme north will experience a higher extend to drought (Sen’s Slope range —0.010
to —0.005) from 1960 to the different break dates in the SPI.3 series.

After the break-up periods (Figure 5(b)), almost the entire northern part of
the catchment area will remain slightly wet with Sen’s slopes between 0.000 and

0.005: in the extreme north, there will be an increase in the wetness trend at the
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Table 3. Break date and trend tests of SP1.3 series from rainfall gauges.

Break test Trend test

Station CUSUM Student Mann-Ken. Linear reg.

Vk (break date) a=5% t a=5% Z a=5% t a=5%

Orodara 33 (1966) 30 429 256 -1.88 1.71 -2.01 1.90
Ouangolo. 33 (1976) 30 3.8 249 -199 193 -2.11 1.92
Abengourou 31 (1970) 30 365 257 -186 161 -1.60° 1.68
Ouellé 30 (1986) 27  -=3.03 253 1.69 1.64° 1.91 1.69
Dabakala 51 (1974) 37 6.68 2.411 -3.39 249 -327 252
Bongouanou 39 (1993) 37  -038 1.71° 0.04> 1.60 -0.13* 1.68
Daoukro 21 (1998) 27 —-441 271 -12° 166 -1.43°> 162
Abidjan 69 (1982) 36 6.22 269 -490 273 -496 279
Adiaké 81 (1982) 38 885 250 -869 259 -930 249
Alépé 29 (1996) 29 489 253 -3.17 256 -3.26 2.56

G. Bassam 31 (1966) 21 481 267 -4.09 271 -4.22  2.54
Adzopé 43 (1980) 36 4.05 243 -334 253 332 257
Bouna 19 (1964) 27 352 264 -215 2.08 -2.38 1.95
Bondoukou 48 (1980) 37 362 254 -245 190 -2.44 1.98
Agnibilékrou 48 (1980) 36 362 231 -245 192 -244 201
M’Bahiakro 45 (1974) 35 4.75 25 =355 256 373 2.86
Aboisso 29 (1981) 27 297 263 -173 170 -1.93 1.91
Tafiré 42 (1994) 35 -170 167 -1.67 1.64 -2.05 1.92
Tengréla 66 (1985) 33 691 243 -7.25 259 =752 261
Ferké 45 (1985) 35 -1.73 165 175 1.63* 1.58° 1.66
Bobo-Diou. 43 (1971) 37 512 245 -212 188 -2.23 1.91
Niangoloko 43 (1971) 36 536 282 -2.65 249 -2.61 1.98
Kampti 33 (1969) 30 3.89 238 -212 201 =226  2.05

'war rends, nence the other values are downwar rendas. ejection o othesis o
*Upward trends, h he other val d d trends. "Rejection of hypothesis H
(test is not significant).

expense of the previously prevailing dryness trend (Figure 5(b)). On the other
hand, the extreme north-east (Kampti and Bouna) has been characterized by a
decrease in humidity as evidenced by Sen’s slope values of between 0.000 and
0.005. However, this decrease in humidity does not leave any room for a pro-
pensity to drought. The southern part will remain slightly subject to normal

rainfall conditions with Sen slope values between —0.005 and 0.000.
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Figure 5. Spatial distribution of SPI.3 time series trend magnitude: (a) before break date; (b) after break date.

5. Discussion

The statistical tests used in determining trends and breaks in SPI.3 series proved
to be complementary and effective. These results corroborate, once again, the
performance of CUSUM (non-parametric) and t-Student (parametric) tests for
breaks and Mann-Kendall (non-parametric) and Linear regression (parametric)
for trends in time series as indicated by several authors [20] [27]. The temporal
analysis shows a slight downward trend in SP1.3 confirming a decrease in rain-
fall, hence a propensity for drought in the basin. Most of the breaks observed are
after the 1970s, which is the break date observed throughout sub-Saharan Africa.
The Orodara, Bouna and Grand Bassam stations experienced early break-ups
between 1964 and 1966, as was the case in some African basins. These years of
rupture coincide with previous studies on rainfall in West Africa and Cote
d’Ivoire [17]. According to [28], the drought was greater in the second half of
the 1900-2013 period, ie., from the 1970s. This trend is confirmed by several
studies at the continental scale and in West Africa [29] [30]. The African conti-
nent is characterized by a decrease in rainfall accompanied by a strong spa-
tio-temporal variability [28] [31].

During the study period (1960 to 2000), drought averaged 20% of the total
catchment area. The years 1982 and 1983 are distinguished by an exceptional
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state because the drought-affected 50% or even 90% of the total area of the basin.
It can be observed that the period during which the largest area of the basin has
been affected corresponds to the period when the drought has been severely in-
tense. The most representative years in terms of spatial expansion of drought, in
decreasing order, are 1983, 1992, 1972, and 1982. Several drought events have
been recorded through various studies in West Africa [29] [30]. These are those
of 1961, 1970, 1983, 1984, 1992 and 2001. The literature reshowed the occurrence
of four (4) extreme drought events in Africa during the last 50 years. Of these
events, three (3) were severe. These are the episodes of 1972-1973, 1983-1984 and
1991-1992. Especially the episode from 1982 to 1983 that was affected much of
the earth [32]. In Ivory Coast, specifically in the N’Zo watershed, Amani [33]
showed that the droughts of the years 1968 to 1971 and 1982 to 1983 strongly in-
fluenced the rainfall variability of the years 1961 to 2000. In Ivory Coast, these
dry episodes have had heavy consequences marked by fires in forests and planta-
tions, hydroelectric power cuts, accompanied by a sharp decline in agricultural
production.

In researching the natural causes of drought in Africa, some studies have fo-
cused on anthropogenic factors such as aerosol emission, land-use patterns, and
continental-ocean interactions [34]. Notwithstanding the differentiation of fac-
tors from one region to another, El Niflo-Southern Oscillation (ENSO) and Sea
Surface Temperature (SST) remain the main factors at the continental scale. This
is corroborated by the studies by [31] who, in addition to these factors, add
land-atmosphere exchanges as major causes of rainfall variability in West Africa.
It should be noted that few studies have been conducted in West Africa on the
causes of drought [28]. However, droughts remain the warming of the oceans
and the gradient of the Inter-Tropical Convergence Zone (ITCZ) [34] [35]. In
Cote d’Ivoire, according to [36] and [37], the droughts of 1982 and 1983 are
more strongly associated with interactions between El Nifio/La Nifla events and

oceanic interactions via sea surface temperatures (SST).

6. Conclusions

This study addresses the issue of drought occurrence in the context of climate
variability. In fact, current and future climatic events project a persistence of
hydroclimatic extremes including drought. Drought leads to famine, epidemics
and land degradation in developing countries. The main goal of this paper was
to assess meteorological drought within the Comoe River watershed. However,
the mean surface area of the affected Comoe watershed is about 20% during the
study period (1960-2000). The period from 1980 to 1983 is characterized by ex-
ceptional events. Drought is spreading about 50% to 90% of the total area of the
watershed. The year 1983 corresponds to the period during which the large sur-
face of the basin was affected.

The study of trends in the SPI.3 series indicates a propensity for drought. The

impact of rainfall variability on the spatio-temporal distribution of the drought
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is estimated through the average Sen’s slopes spatialized on the time series be-
fore and after the break dates. Time series from 1960 to the various break dates
recorded slopes between —0.005 and 0.00 with a slight drought trend for most of
the catchment. Only the north-eastern part of the catchment area was wet. In
contrast to the whole catchment area, the far north had a higher propensity to
drought in the same period (-0.010 < Sen’s Slope < —0.005). After the break pe-
riods, almost the entire northern part of the basin is characterized by slight
moisture with Sen’s slopes between 0.000 and 0.005. In the extreme north, an
increase in the humidity trend was observed at the expense of the prevailing
drought. On the other hand, the extreme north-east (Kampti and Bouna) is cha-
racterized by a decrease in Sen’s slope values which fluctuated between 0.000 and
0.005. The southern part was characterized by a normal rainfall condition with
Sen’s slopes between —0.005 and 0.000.
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