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The recurrence of flooding in recent years in West Africa is dramatically
affecting the socio-economic system of most countries in the region. This work
is devoted to the analysis of the heavy rains of its last years in the context of
global warming in subequatorial Benin through eight rainfall indicators. For this
purpose, the daily rains collected at seventeen stations in the south of Benin
between 1960 and 2018, the maximum and minimum daily temperatures of the
two synoptic stations in the study area between 1970 and 2015 are used. Analysis
of the results shows a non-uniform trend in rainfall indicators over the entire
study period. The monthly trend is in accordance with the bimodal rain regime
of southern Benin for each of the climatic indicators studied. After the break in
the downward trend in rainfall in the 1980s or 1990s at the various stations, the
last three decades have been marked above all by ten-year averages of the various
indicators that are higher than those obtained over the entire study period.
Despite the low proportion of extreme rains, their frequency has increased since
the resumption of rainfall in the 1980s or 1990s, especially compared to the
1970s and 1980s. The highest heights are observed for the most part in the towns
close to the Atlantic Ocean. Global warming in southern Benin is characterized
above all by high decadal temperature variation rates in the 1990s. This
significant global warming in this pivotal decade is accompanied by relatively
large growth in all indicators in southern Benin.

Résumé

La récurrence des inondations de ces derniéres années en Afrique de 1’Ouest,
affecte dramatiquement le systéme socio-économique de la plupart des pays de
la région. Le présent travail est consacré a 1’analyse des fortes pluies de ses
dernicres années dans le contexte du réchauffement climatique dans le Bénin
subéquatorial a travers huit indicateurs pluviométriques. A cet effet, les pluies
journaliéres recueillies sur dix-sept stations au sud du Bénin entre 1960 et 2018
les températures quotidiennes maximales et minimales des deux stations
synoptiques de la zone d’étude entre 1970 et 2015 sont utilisées. L’analyse des
résultats montre, une tendance non uniforme des indicateurs pluviométriques sur
toute la période d’étude. La tendance mensuelle est en accord avec le régime de
pluie bimodal du sud Bénin pour chacun des indicateurs climatiques étudiés.
Apres la rupture de la tendance a la baisse de la pluviométrie dans les années 80
ou 90 sur les différentes stations, les trois dernicres décennies sont marquées
surtout par des moyennes décennales des différents indicateurs supérieurs a
celles obtenues sur toute la période d’étude. Malgré la faible proportion des
pluies extrémes, leur fréquence a augmenté depuis la reprise de la pluviométrie
dans les années 80 ou 90, surtout par rapport aux décennies 70 et 80. Les plus
fortes hauteurs sont observées pour la plupart dans les villes proches de I’océan
Atlantique. Le réchauffement climatique au sud du Bénin est caractérisé surtout
par des taux de variation décennale élevés des températures dans les années 90.
Cet important réchauffement climatique dans cette décennie charniére est
accompagné d’une croissance relativement importante de tous les indicateurs au
sud du Bénin.
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L. INTRODUCTION

The increase in the concentration of carbon dioxide, due in
large part to human activities and above all to the use of
fossil fuels, increases the natural greenhouse effect and
consequently an increase in the temperature of the globe
(Goubanova, 2007). This climate change has affected
several natural systems following observations on all
continents and in most oceans (IPCC, 2007). The warming
of the climate is mainly revealed by changes in sea level,
snow cover, glacier area and precipitation. In this context,
the sensitivity to climate variations and changes in several
regions of the world is manifested by extreme climatic
phenomena which further affect the ecosystem and
society.

West Africa belongs to the tropical zone, hydrologically
very contrasted and which remains linked to the
complexity of the ocean-atmosphere system that generates
precipitation. This complexity is due to the position of the
zone which straddles the two hemispheres (Mahé, 1993;
Muhindo et al., 2012). West Africa is one of the regions of
the world which are dramatically affected by hydro-
climatic extremes because of the high variability of its
climate and the high vulnerability of its population to
climatic extremes (Tschakert, 2007; Pauleit et al. al.,
2015). The specific nature of the various prevention and
protection measures requires a good understanding of the
hazard (Panthou, 2013). The documentation of hydro-
climatic hazards in this part of the world is of particular
importance because of the vulnerability of the population,
who rarely has an operational management framework to
deal with the associated risks. The recurrent droughts of
the 2070s and 2080s imprinted in the collective mind the
notion that the major climatic hazard in the region is
drought, which made it possible to improve the resilience
and adaptive capacities of the populations with the drought
hazard (Tschakert et al., 2010). On the other hand, the
recurrence of floods in recent decades shows a very high
vulnerability of populations to floods (Di-Baldassarre et
al., 2010). This hazard should therefore be considered with
a view to improving the associated adaptation measures
(Panthou, 2013).

Benin, like all the countries of the tropical zone, has
experienced several heavy rains, perhaps having their
share of responsibility in the floods of recent years in the
various cities of the country. For example, in 2010, the
floods caused, above all in southern Benin, significant
damage to goods and services (Benin post-disaster needs
assessment report, 2011). The constant increase in damage
from torrential rains and floods in this part of the country,
worries and requires careful analysis of the seasonal cycle
of rainfall through the variability of extreme rains.
Extreme rains are often studied by statistical modeling and
/ or by analysis of climate indicators.

Statistical modeling is based on the frequency analysis of
annual maxima or the method of values above a threshold.
It consists in studying past events in order to define the
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probabilities of future appearance. Several studies around
the world (Gellens, 2002; Crisci, et al., 2002; Neppel,
2003; Zhai et al., 2006; Goubanova, 2006; Chu et al., 2008;
Sene, 2002; Li et al, 2013a; Zheng et al., 2016) and in
Africa (Zahar and Laborde, 2007; Habibi et al. 2012;
Panthou, 2012; Karimou et al. 2015; Ague and Afouda,
2015; Soro et al., 2016) are devoted to the study of extreme
precipitation with statistical modeling.

As for climatic indicators, they make it possible to describe
the empirical annual or seasonal distribution of
precipitation. The definitions and mathematical formulas
of these indicators have been proposed by several authors
(Jones et al., 1999; Frich et al. 2002; Tank and Konnen,
2003; Kiktev et al., 2003; Alexander et al., 2006;
Goubanova, 2006). These climate indicators or indices are
used by several authors around the world (Manton et al.,
2001; Griffiths et al., 2003, Haylock et al., 2004;
Mohymont and Démaréé, 2006; New et al., 2006; Aguilar
et al., 2009; Hountondji et al. 2011; Sahani et al., 2012;
Ibrahim et al. (2012); Habibi et al., 2013; Saidi et al., 2013;
Panthou et al., 2014; Abatan et al. al., 2015 and 2017a; Ta
et al., 2016; Attogouinon et al., 2017; Adeyeria et al.,
2020). In Benin, very few extreme precipitation trend
studies based on daily rainfall data are carried out.

Hountondji et al. (2011) studied through twelve indicators,
this trend at the national level with daily rains of twenty-
one (21) stations from 1960 to 2000. The results show that
only the annual total of precipitation, the annual total of
days of rainfall and the maximum precipitation recorded
for thirty (30) days show a decreasing trend while the other
nine rainfall indicators appear to remain stable.
Attogouinon et al. (2017) worked particularly on the upper
Ouémé valley with eleven (11) indices over the period
1951-2014. The Mann-Kendall nonparametric test was
used to assess trends in these indices. The results show the
absence of a clear trend in the evolution of climate indices
at almost all stations. The authors even called for new
research on this subject in West Africa because water
management is a major tool for sustainable development
and poverty reduction. Ahokpossi (2020) examined the
temporal variation and trends in the annual distribution of
precipitation in Benin using rainfall data from 1940 to
2015 at nine stations nationwide. Following the analysis of
the time series through several climate indicators and trend
tests, no significant trend is detected. Most stations (six of
nine) show sharp change points, corresponding to the
alternation between wet (before 1968 and after 1990) and
dry (1969-1990) periods.

Like the rest of the world, global warming is a reality in
Benin. Indeed, the IPCC report (IPCC, 2007) highlighted
an increase in temperature of 0.17 © C per decade between
1970 and 2004 in West Africa. Recently, several works
have been devoted to the study of temperatures evoking
global warming in recent decades in Benin (Gnangl¢ et al,
2012; Houngninou et al. 2017).

© 2020 SOAPHYS
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In the present work, the trend of extreme rains through
eight (08) indicators is studied taking into account the
global warming of recent years in subequatorial Benin.
This work is essential since changes in the intensity and
frequency of climate extremes, especially rainfall, have
sometimes dramatic environmental and socio-economic
consequences.

II. DATA AND METHODS

2.1. Data

Extending from Cotonou (to the south), on the Atlantic
coast, to the latitude of Bohicon (to the north) on the
Dahomean base, subequatorial Benin is located between
1°37'and 2 °44'E and 6 ° 14 'and 7 ° 22' N. It covers an
area of 14,111.0811 km2. Southern Benin is subject to a
bimodal rainfall regime. The main season is from March

to July and the small one from September to November
(Boko, 1992; Adewi et al, 2010).

The data used in this study are chronological series of daily
precipitation collected on seventeen (17) stations (figure 1)
of Meteo Bénin. These stations are made up of two (02)
synoptics, four (04) agro-climatic and eleven (11)
meteorological. These daily rainfall amounts are collected
between 1980 and 2018 for four (04) stations (Aplahoue,
Allada, Dogbo and Lokossa) and from 1960 and 2018 on
the thirteen (13) others. Missing data does not exceed 5%
in the series. As for the daily minimum and maximum
temperature data, they are collected between 1970 and
2015 on only the two synoptic stations (Cotonou and
Bohicon). In terms of observation data, there are only these
two stations in southern Benin.
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Fig 1: Geographical location of the study area.

2.2. Methods

To analyze and describe the different aspects of climate
extremes, several indicators derived from the empirical
distribution of daily temperature and precipitation data are
often used (Wmo, 2009; Sahani et al., 2012; Attogouinon
et al., 2017) such as d others can be defined for particular
needs. But among the 27 indices considered as basic
indices, a small number can be assumed to follow a
distribution of extreme values (Diallo and Foamouhoue,
2014). In our study, eight (08) trend indicators (Table 1)
are retained. These indices are mainly used to characterize
the frequency and intensity of heavy rains in the daily
series of subequatorial Benin. Percentiles are calculated
from daily data over a period of at least thirty years, to
comply with the standards of the World Meteorological

http://dx.doi.org/10.46411/jpsoaphys.2020.01.01

Organization (WMO). The 95th percentile corresponds to
an intense rainfall event. The 99th percentile corresponds
to an extreme rainfall event while the 99.5th percentile
represents a very extreme rainfall event. The frequency of
these intense (P95p), extreme (P99p) and very extreme
(P99.5p) rainfall events is expressed in days per year.

As the start and end of the two rainy seasons are variable
(Lawin et al., 2013), the calculation of the percentiles
P95P, P99P and P99.5P is made over the period March-
July and September-November covering the two rainy
seasons of the year. This period is considered not only to
take into account most of the rains of the year but also not
to have very low percentiles as in the case where the
calculation would be made over the whole year.

C20A01-3 © 2020 SOAPHYS
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Table 1: The eight (08) trend criteria selected.

Acronyms | Indicators Definition Unit
name
JP Rainy days Total [days]
number of
wet days (>
1 mm)
P20 rain Number of | [days]
frequency > | days  with
20 mm rainfall > 20
mm
PTOT Total Total annual | [mm]
precipitation | precipitation
Px1J Maximum Maximum [mm]
daily rain daily
precipitation
Px3J Maximum Maximum [mm]
rain in three | precipitation
days over three
days
P95P Intensity of | Number of | [%]
very intense | rainy days >
rain 95th
percentile
P99P Exceptional | Number of | [%]
rain intensity | rainy days >
99th
percentile
P99.5P Very Number of | [%]
exceptional | rainy days >
rain intensity | 99.5th
percentile

The interannual variability of the rainfall regime is
analyzed from the data on each station. The normalized
rainfall index (Lawin et al., 2012) is determined over the
study period by: I (i) = (P (i) - P) / o, with P (i), the
indicator concerned on each of the stations in the study
area for year i, P and o correspond respectively to the mean
and the standard deviation of the series. The moving
average was used to look for the upward or downward
trend in the rainfall indicators. To see the trend of
indicators or temperatures at different stations, the linear
regression line is also used. It represents the linear link
between two variables x and y. The ten-year average is
calculated by considering the minimum or maximum daily
temperatures for the decade considered. The rate of
temperature change per decade is calculated from the
normalized index for each of the ten years considered. The
test of the slope of the simple linear regression line is
applied to the significance level of 5% is applied to show
the significance of the trends of the rainfall indicators
between 1960 and 2018.

III. RESULTS AND DISCUSSION

Subequatorial Benin like the rest of the world has warmed
steadily (Figure 2) since the 1970s with non-uniform

http://dx.doi.org/10.46411/jpsoaphys.2020.01.01
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decadal rates of change (Figure 3). The ten-year average
maximum temperatures of the 1990s are greater than those
of the 1970s and 1980s. It is thus the pivotal decade with
greater warming than the other decades with relatively
high growth rates of minimum and maximum
temperatures. In the cities of Cotonou and Bohicon annual
average maximum temperatures have steadily increased
since 1970 by at least 0.02 °C per year (Figure 4). These
experienced an attenuation towards the end of the study
period, especially from 2008 in Cotonou. This last part is
not taken into account in the linear regression because it
does not allow us to highlight the almost uniform growth
of maximum temperatures on the two stations. As for
minimum temperatures, the growth of annual averages is
lower in Bohicon while it is relatively high in Cotonou. In
the late 1970s and 1980s, the climate in southern Benin
was generally mild with below average temperatures. But
by the early 1990s, this part of Benin warmed with above
average maxima, followed by easing towards the end of
the study period.

The analysis of the daily rains (see appendices) of
subequatorial Benin, does not reveal any significant
generalizable trend in the frequency and intensity indices
in the rainfall series (Table 2). This confirms the work of
Hountondji et al. (2016), for most stations in Benin over
the period 1960-2000. These results also corroborate those
of Attogouinon et al. (2017) in the Ouémé valley between
1951-2014 and those of Ahokpossi (2020) nationally
between 1940 and 2015 with only three stations in
southern Benin. Nevertheless, a downward trend in all
climatic indices is observed until the 1980s or the
beginning of the 1990s. This downward trend is due to the
severe drought in the Sahel which has spread towards the
Gulf of Guinea to a lesser extent (Le Barbé et al. 2002;
Lawin et al. 2011). This result corroborates the
conclusions of Nicholson et al. (1993) in the Sahel and
those of Lawin et al. (2011) in the Ouémé valley. The
results mainly alluded to the reduction in negative
precipitation anomalies during the period 1961-1990, with
a resumption of precipitation during the 1990s.

After the drop in rainfall in the 1980s or 1990s, all the
rainfall indices experienced a relatively significant
increase (appendices) even if at the decadal scale on 92%
of the stations, the indices experienced a second relatively
large drop towards the end of the following decade. The
various indicators over the last three decades are marked
above all by ten-year averages higher than those obtained
over the entire study period. This confirms the work of
Amoussou et al (2014) in the Mono basin where the
maximum daily rainfall intensities between 1988 and 2010
experienced a significant increase which could lead to
flooding. Most of the linear regression coefficients
calculated in this statistical trend study are positive and
relatively large for all indicators in the 1990s.

© 2020 SOAPHYS
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Fig 2: Interannual variability of minimum and maximum average temperatures in Cotonou (a and b) and in Bohicon (c and d).
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An attenuation of the indicators is observed towards the
end of several decades after the resumption of the
indicators on a good number of stations. This highlights
the uncertainties in the evolution of rainfall indices and
which must be taken into account when defining strategies
for adapting to the risks of flooding or drought (Hountondji
et al. 2011). The increase in precipitation indices of its last
years (90 until 2018) corroborates with the fourth report of
the IPCC (2007) which indicates that extreme precipitation
is projected to increase more than the average
precipitation.

The spatial analysis of the indicators shows a non-uniform
distribution of 75% of the latter in southern Benin. Only
the daily annual maxima (Figure 5a) and in three
consecutive days (Figure 5b) show a semblance of a
gradient as a function of the latitude both at the level of the
minimum, average and maximum values. The lowest
values observed north of the study area. The high values of
these two indicators are observed in cities near the Atlantic

Ocean. The maximum values for the number of rainy days
vary between 129 days in Cotonou and 85 days in Grand-
Popo. The minimum values observed can go below 30
days in Bopa, Grand-Popo and Zagnanado. Average
values (Figure 6a) per year can reach 70 days in Lonkly,
Porto-Novo and Abomey. As for the annual totals (Figure
7a), like most indicators, there is no clearly identifiable
spatial consistency. The annual totals vary between 139
mm and 2874.70 mm. The highest values are observed in
Porto-Novo, Cotonou, Ouidah and Lonkly with values
greater than 2400mm. The lowest values are observed at
Bopa, Grand-Popo and Toffo. Most of the different values
of the calculated percentiles (Figures 7a and 8) are all
greater than 30 mm (Table 3) which is the threshold for
intense rains (Panthou, 2013) that can cause flooding.
Several large values of these percentiles are observed in
cities near the Atlantic Ocean. This confirms the work of
Age and Afouda (2015) concerning the rainfall quantiles
estimated with the laws at the national level.

Table 2: Different values of the regression slope (b) and the test statistic (T) calculated on the stations of the period 1960-2018. The
test is significant when the absolute value of T is greater than 1.96 (value only read from the table of Student's law)

Stations JP P20 PTOT P*1J P*3J POSP P99P P99.5P
TONOU b | -0.0539 | 0.1132 | -1.0797 -0.2656 | -0.3938 0.0034 | 0.0023 -0.0043
T |-0.4034 | 1.2152 | -8.0869 -2.0151 | -2.9855 0.0267 | 0.0185 -0.0331
ZAGNANAD | b | 0.0497 | 0.1102 1.6103 0.2137 ] 0.4343 0.0004 | 0.0050 0.0050
0 T | 0.3886 1.2754 11.9125 1.6266 | 3.2983 0.0333 | 0.0359 0.0508
BOHICON b | -01842 | 0.0286 | -07532 0.1363 | 0.2200 0.0164 | 0.0065 0.0015
T | -1.4006 | 0.2097 | -5.6822 1.0352 | 1.7023 0.1238 | 0.0529 0.0122
OUIDAH b | -0.3309 | 0.0585 | -3.9468 -0.1057 | -0.4679 -0.0477 | -0.0036 0.0015
T | -2.4528 | 0.4207 | -29.0538 -0.8105 | -3.5577 -0.3568 | -0.0242 0.0122
POBE b | -0.1866 | 0.0271 -1.2598 0.1123 | -0.1211 0.0181 0.0077 4.0912.107*
T | -1.4246 | 0.2003 | -9.6393 0.8595 | -0.9258 0.1429 | 0.0558 0.0034
LONKLY b | -0.1797 | 0.2131 6.5386 0.5208 | 0.9514 0.1079 | 0.0272 0.0040
T |-1.3936 | 1.5128 | 47.0682 3.8418 | 6.9108 0.7508 | 0.2220 0.0474
TOFFO b | -0.1483 | 0.1390 | 3.0203 -0.0489 | 0.0096 0.0458 | 0.0227 -
1.1689.107*
T [ -1.3936 | 1.0253 | 22.7202 -0.3836 | 0.0756 0.3413 | 0.1852 -0001
BOPA b | -0.0600 | 0.0368 | -0.6543 -0.0228 | 0.1509 0.0021 0.0095 -
1.7534.107*
T | -0.4468 | 0.2672 | -4.8508 -0.1693 | 1.1346 0.0157 | 0.0645 -0.0011
KETOU b | -0.0788 | 0.0780 | -2.4915 -0.2672 | -0.3160 0.0071 6.4290.10~* | -0.0022
T |-0.5995 | 0.5735 | -18.6342 -2.0127 | -2.3871 0.0524 | -0.0039 -0.0363
ADJOHOUN b | -0.0151 ] 0.0513 | 0.1216 -0.2540 | -0.2454 -0.0120 | 0.0110 -0.0041
T |-0.1148 | 0.3768 | 0.9076 -1.9156 | -1.8032 -0.0884 | 0.0805 -0.0456
ABOMEY b | -0.3006 | -0.0018 | -2.7497 0.2996 | 0.4165 -0.0174 | 0.0109 -0.0238
T [-2.2620 | -0.0137 | -20.7712 2.2452 | 3.0993 -0.1341 | 0.0787 -0.1831
GRAND- b | -0.2118 | 0.0627 | -4.6640 0.2546 | -0.0876 -0.0417 | 0.0122 0.0069
POPO T |-1.6365 | 0.5486 | -35.0011 1.9603 | -0.6703 -0.3072 | 0.0902 0.0614
PORTO-NOVO | b | -0.7149 | 0.0751 -7.4154 -0.1755 | -0.5157 -0.0208 | -0.0077 -0.0099
T | -54183 | 0.6452 | -54.7665 -1.3162 | -3.8812 -01400 | -0.0549 -0.0730
http://dx.doi.org/10.46411/jpsoaphys.2020.01.01 C20A01-6 © 2020 SOAPHYS
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.onkly

Table 3: Values of the rainfall quantiles calculated on the different stations.

Percentile
Stations 95" (mm) | 99" (mm) 99.5" (mm)
ABOMEY 38.8000 95.3460 136.7385
ADJOHOUN 43.5600 84.7080 134.0460
BOHICON 40.6400 88.4080 100.9090
BOPA 40.1000 100.8360 121.8900
COTONOU 61.7000 121.4960 138.2050
GRAND-POPO | 47.3200 99.5840 153.6310
KETOU 41.6000 126.7230 140.5305
LONKLY 44.3200 95.4600 126.8320
OUIDAH 51.5200 120.3560 157.6900
POBE 43.5400 86.4840 109.1010
PORTO-NOVO | 63.3400 124.5000 139.4860
TOFFO 40.0000 82.1650 140.3270
ZAGNANADO | 50.6600 86.5800 111.3350
APLAHOUE 38.3200 82.0480 100.5720
ALLADA 18,0800 44,3350 108,3350
DOGBO 25.8200 84.7880 102.0450
LOKOSSA 28.0200 81.6760 105.0200
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Fig 5: Spatial distribution map of the means of the daily annual maxima in mm (a) and of the annual maxima over three

consecutive days (b).
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The temporal evolution (Figures 9, 10, 11, 12 and 13) of
the intense (95th percentile) and extreme (99th and 99.5th
percentiles) rains on the various stations, highlights the
inhomogeneity of the annual number of rainy days above
the percentiles since the beginning of the 60s. Thus,
southern Benin, in the 90s and 2000s, suffered from
several rains of height greater than, for example, 126 mm
in Porto-Novo; 129.0140 mm in Kétou and 101.8230 mm
in Abomey since the 1970s. The analysis also shows the
rarity (less than 1% of the number of rainy days during the
study period) of rains above the 99.5th percentile at south
Benin. Cities like Porto-Novo, Adjohoun, Pobe and
Ouidah experienced approximately 25, 6, 9 and 4 rains
respectively above the 99.5th percentile compared to 4137,
4050, 4933 and 3928 rainy days. This area of the country
therefore rarely experiences rains exceeding, for example,
153.6310 mm in Grand-Popo, 140.3270 mm in Toffo and
136.3200 mm in Abomey. This characterizes the non-
linear behavior of precipitation (Sighoumnou, 2004;
Kouakou et al, 2007). There has also been relatively
significant growth in these majority years since 1994, but
a little more pronounced from the beginning of the 2000s
on most of the resorts with peaks around 2010.

On a decadal scale, despite the rarity of extreme rains, the
distribution of the percentiles shows not only a relative
increase in their number but also that this growth is
observed on all the stations of the region for the 95th and
99th percentiles and almost as much for the 99.5th
percentiles. Even if it is once or twice a decade on some
stations, cities like Cotonou (Figure 9) and Porto-Novo
(Figure 10) experienced extreme rain during the different
decades of the study period. The different decades of the
study period did not experience extreme rains on the
different study stations. This is the case with Kétou for
example in the 1980s and 1990s (Figure 11); Grand-Popo
(Figure 12) which did not experience any rainfall greater
than the 99.5th in the 1960s; Zagnanado (Figure 13) did
not experience rains above the 99th in the 1960s, 80s and
90s. The last two decades are characterized by the
resumption with a slight increase in the number of extreme
rains.

The monthly trend is in good agreement with the bimodal
rainfall regime in southern Benin for each of the climatic
indicators studied except for the high percentiles for which
the monthly percentages are very low. The months of the
year (January, February, August and December) which are
known as dry months, with virtually no rain, experienced
several days of heavy rain with sometimes rainfall heights
above the 95th percentile at Aplahoué and Grand-Popo

http://dx.doi.org/10.46411/jpsoaphys.2020.01.01
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(Figure 13) as in other towns in the region. This is how, for
example, the city of Abomey was sprayed with a 65mm
rain on January 20, 2004; Cotonou suffered 85.3mm on
January 02, 2003; Porto-Novo 62.5mm on February 06,
2005 and 62.8mm in Ouidah on December 04, 2008. The
month of August which is the intermediate between the
two rainy seasons experienced the high proportion
compared to the aforementioned months with for example
rains of 84.8mm on August 11, 2002 in Abomey and
88.3mm on August 26, 2005 in Grand-Popo. The
frequency of these heavy rains in the months of normally
dry periods partly explains the disruption or shift of the
rainy seasons in recent years in southern Benin. This
disturbance is mainly characterized by the early end of the
short rainy season (Lawin et al., 2012). The disruption of
the start of the rainy seasons and the arrival of water from
the north of the Ouémé basin could explain the
amplification of the floods in the city of Cotonou. Lake
Nokoué, Cotonou's rainwater reservoir, thus reaches its
maximum capacity during the same August-September
period (Lawin et al., 2012).

Climate change in subequatorial Benin rhymes with
climate warming accompanied by an increase in rainfall
indicators. The frequency of heavy rains observed since
the beginning of the 21st century is not generally
exceptional (beyond the 99th percentile). However, on
several occasions, extreme rains have accompanied the
seasons with higher than normal rainfall in the 1960-2018
series, particularly in Cotonou, Grand-Popo, Ouidah and
Zagnanado. This goes in the same direction as the
projections of the IPCC (2013) according to which, the
episodes of extreme precipitation will become more
intense and frequent, in connection with the increase in the
average temperature at the surface. This becomes more
worrying in view of the vulnerability of our societies and
the expected evolution of their frequency and intensity in
the 21st century (IPCC, 2013). The continuous
improvement of knowledge will therefore make it possible
to specify the future impacts of climate change. The
current uncertainties should not however prevent actions
to prepare, now, for a global average temperature 2 © C
higher than that of the pre-industrial era, which
corresponds to the long-term objective of the Paris while
continuing to do the maximum not to exceed 1.5 °© C
(ONERC, 2018). Socio-political acts of capital importance
must therefore come into play to preserve the balance
between demographic development and the natural
resources of our dear planet

© 2020 SOAPHYS
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IV. CONCLUSION

The recent climatic variations in southern Benin are
understood through precipitation and temperatures.
Analysis of daily precipitation did not reveal any
statistically significant trend over the entire study period.
After the decrease in the frequency and intensity indicators
in the 1970s and 1980s due to the drought of this period in
West Africa, rainfall has resumed with relatively high
growth rates of climate indicators. Regarding the evolution
of the intensity and frequency of heavy rains, the
amplitude of the heaviest daily rains in southern Benin has
increased by around 10 to 25% since the beginning of the
21st century compared to the 1980s. An increase in
extreme rains is thus highlighted in the current context of
global warming characterized by an average increase in
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temperatures, especially maximum temperatures since the
1970s in southern Benin. This is in agreement with the
results of studies carried out at the international level
(IPCC, 2013). In the current context of climate change, the
great unknown that remains is the future evolution of the
intensity and frequency of these rainy events, especially
since the work of the IPCC evokes the intensification of
climatic parameters in the future in several regions of the
world. It is therefore imperative to develop tools for
forecasting and simulating extreme climatic events. Our
decision-makers must therefore take climate risk into
account in the development and implementation of
expansion plans for our cities through appropriate
prevention and adaptation measures.
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Appendices:

The number of rainy days (rain >1mm) at the different stations from 1960 to 2018.
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The number of rainy days >20mm at the different stations from 1960 to 2018.
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Total annual rainfall at the various stations from 2060 to 2018.
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The annual rainfall maxima at the various stations from 1960 to 2018.
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Maximum annual precipitation over three consecutive days at the various stations from 1960 to 2018.
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The percentiles at the various stations from 1960 to 2018.
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