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Abstract. This study assessed the extreme rainfall and temperature changes over Mono river basin by the end of

21st century under the highest greenhouse gas emission scenario RCP8.5. Simulations of eight regional climate
models (RCMs) provided by Africa-CORDEX program were considered. The maximum and minimum temperatures and rainfall were analyzed. Two groups of indices were analyzed. The first group consists of frequency
indices: maximum number of consecutive dry days and wet days. The second group is intensity indices: fiveday maximum rainfall and simple daily intensity index. These variables were calculated at annual and seasonal
scales. Changes from the baseline period 1971–2000 were computed for far future 2071–2100. As result, almost
all the RCMs considered predicted a decrease of the rainfall and increase of maximum and minimum temperatures over most parts of the Mono basin, particularly in the south. Declining mean monthly precipitation and
irregular rainy seasons at all scales were exhibited by most of the models. Simple daily intensity and five-day
maximum rainfall are projected to decrease by the majority of the used models. As for dry and wet sequences,
the RCMs showed an increase of the consecutive dry days and a decrease of wet days.

1

Introduction

A global view of climate change impacts is important to
quantify the aggregated effects in a given region since large
scale processes can influence driving forces at sub regional
or mesoscale. Indeed, the detection of the planetary warming
trend, attributed to anthropogenic activities, have been presented with greater certainty in the 4th report of the IPCC.
According to this report, the average global temperature will
increase and could reach 4.5 ◦ C by 2100, the precipitation
will change and the extreme events will be increasingly recurring. Several studies (Aguilar et al., 2013; IPCC, 2013;
Masson et al., 1999) showed that impacts of climate extremes
are mostly depending on the spatial scale considered and
vary from a region to another, from country to country and
even from one local area to another within the same country. For Africa, many previous studies have investigated extreme events and have showed that changes in extreme temperature and precipitation are contrasting (Yèkambèssoun et

al., 2017.). Current and future trends suggested that regions:
West Africa, including the Sahara, the Horn of Africa, part
of Central Africa and southern hemispheres, could undergo a
warming of order of 3 to 6 ◦ C by 2100. Pluviometric regimes
will also be affected and may decrease of more than 20 %
to 30 % compared to the reference 1961–1990 (Bigot, 2003).
Other studies indicated an increase in extreme rainfall events,
particularly in Sahel (Nicholson and Webster, 2007) but also
a decrease in Nigeria (Oguntundé et al., 2011) and (Easterling et al., 2000), Guinea Conakry (Aguilar et al., 2009),
in eastern Niger (Ozer et al., 2009), in Ivory-Coast (Soro
et al., 2014), in Benin (Yèkambèssoun et al., 2017) and in
South Africa (Mason et al., 1999). In the northern part of
Africa, there is a tendency towards wetter conditions; in contrast with the eastern part, experienced with more drying
trends, although, these trends are of low significance. The understanding and characterizing climate variability at reduced
scales are so fundamental to understanding the impacts of cli-
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mate change, local vulnerability and for future development
projects (Emmanuel et al., 2019).
For the specific case of Togo, according to the report of
republic of Togo (MERF, 2009), floods, drought, late rains,
high temperatures and high winds, are the major risks in the
country. The drought covers the entire territory except for the
coastal region which is however facing sea level rise risk. It
should be noted that among the latest climatic events, flooding takes precedence over other risks with its share of material damage and loss of life. It is becoming more and more
dangerous to the whole country. Activities which are most
exposed to these risks are farming, livestock farming, marketing of agricultural products and market gardening (MERF,
2009). Therefore, it compels scientists to conduct studies on
climate change projection in Togo in order to take adaptation measures to enhance these communities in their development. However, studies of the future impact of climate
change on precipitation and temperature are very few. Nelson
et al. (2010) assessed impacts of precipitation and temperature changes on agricultural productivity by 2050 in Togo.
This study used global climate models (GCMs) with spatial
resolution of 200 to 300 km that cannot give details at less
scales. So these models are only important when it comes to
representing climate on a very large scale of space. But at
regional level, they present many limitations (Hulme et al.,
2001). In order to fill this resolution issue, Regional Climate
Models (RCMs) from CORDEX (COordinated Regional Climate Downscaling EXperiment) are now proposed in our
study because of their high spatial resolution (10 to 100 km).
Furthermore Batablinlè et al. (2018) showed, at the Mono
river basin scale, there was very few study focuses on future
evolution of the extreme temperatures, number of extremely
heavy rainfall days, consecutive dry days, consecutive wet
days, five-day maximum rainfall, simple daily intensity index. We have therefore found it necessary to evaluate the
future changes of climate indices using the World Meteorological Organization (WMO) reference period 1971–2000
computed from Regional Climate Models (RCMs). In this
study, rain and temperature simulated by 8 RCMs from the
Africa-CORDEX program have been analyzed through maximum and minimum temperatures, average rainfall and extreme precipitation events by 2100 on the Mono river basin
which is the major economical part of Togo in terms of agricultural and energy outputs. The objective of this work is
therefore to provide knowledge and more details about extreme rainfall and temperature for the population of Mono
river basin.

2
2.1

Data and the methods
Study area

This study area has already been described by certain authors
(Batablinlè et al., 2018; Lamboni et al., 2019b).
Proc. IAHS, 383, 69–78, 2020

Mono basin is located in the Gulf of Guinea region,
more precisely Between 06◦ 160 and 09◦ 200 N and 0◦ 420 and
20◦ 250 E. The Mono basin is almost entirely in Togo although
its lower course is between Togo and Benin. Our study considered the part in Togo (Fig. 1). It houses a dam of hydroelectric power plant called Nangbéto. Elongated, covering
25 400 km2 , the Mono basin is the major river of Togo. In
general, West Africa’s climate is controlled by the interaction
of two air masses; the inuence of which varies throughout the
year with the north-south movement of the Intertropical Convergence Zone (ITCZ). Hot and dry continental air masses
originating from the high pressure system above the Sahara
desert give rise to dusty Harmattan winds over most of West
Africa from November to February. In summer, moist equatorial air masses originating over the Atlantic Ocean bring
annual monsoon rains. Within this West African context,
rainfall in the study area is characterized by two types of
rainfall regimes. In southern basin there are two rainy seasons which extend from mid-March to mid-July and from
mid-August to October. In northern basin, there is one rainy
season which extends from April to October. Indeed, according to the report of PANA-Togo (MERF, 2009), the country is
inuenced by two large climate systems: The tropical Soudanian system in the north with a wet season running from May
to October and a dry season from November to April. In this
area pluviometry varies from 900 to 1100 mm per year with
an average temperature of 28 ◦ C; the tropical Guinean system in the south is characterized by two dry seasons and two
wet seasons of unequal duration with pluviometry located between 1000 and 1600 mm yr−1 and an average temperature of
27 ◦ C. According to the report of WAEMU in 2006, the population of the basin is approximately two million, with an
annual increase of 2.9 %. This population also distributed at
high densities in the south of the basin has as main activities,
agriculture (mainly rainfed); in the lower valleys, fishing and
salt-farming are the major activities (Ernest et al., 2015).
2.2

Data and Sources

The observed daily rainfall and temperature data used in
this study, are provided by the Togo National Meteorology
Agency (Météo Togo) for the period 1970–2000 for eight
stations spatially located as shown in Fig. 1 and complemented by other sources such as the archives of ORTM Togo
and the Nangbeto dam. The missing data values were replaced statistically by similar day averages for the previous
years where there were existing data values. Table 1 shows
the Cordex models used. In order to develop future climate
change projections on Mono river basin, the most recent Regional Climate Models (RCMs) provided by the COordinated Regional Downscaling EXperiment (CORDEX) Africa
were analyzed. These models were run using different emission scenarios, so-called Representative Concentration Pathways (RCPs) which provide different assumptions of greenhouse gas emission pathways. One of RCPs was selected
https://doi.org/10.5194/piahs-383-69-2020
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of the following steps: (1) aggregate finer-scale observed data
to a RCM-specific scale; (2) correct the RCM’s systematic
biases through quantile mapping; and (3) disaggregate biascorrected outputs to a finer scale (Batablinlè et al., 2018). An
equiratio cumulative distribution function matching (equiratio CDFm): The statistical transformation can be written as:

h1 Xm−p

(1)
Xm−padjst = Xm−p
h2 Xm−p
and


Xm−padjst = Xm−p + h1 Xm−p − h2 Xm−p

(2)

with (Eq. 1) for precipitation and (Eq. 2) for temperature,
where Fm−p is the cumulative distribution function (CDF) of
−1
the model for a future projection period, and Fo−c
and
−1
Fm−c are quantile functions for observations and model in
the reference period, respectively. h1 and h2 were defined by:
Figure 1. The geographical location (sources Batablinlè et al.,

2018).

in this study to cover a wide high (RCP8.5) global anthropogenic radiative forcing. We made the choice to download
the values of several climate variables of eight models available in a spatial resolution 0.44◦ or 50 km. It has already been
used over Mono basin by certain authors as (Batablinlè et al.,
2018; Emmanuel et al., 2019; Lamboni et al., 2019a).
2.3

Methods

The seasonal averages as well as the annual averages were
calculated using the Climate Data Operator Commands (Batablinlè et al., 2018; Emmanuel et al., 2019). Then, the free
software R is used to compute all the statistical parameters
and all the plots presented in the following. In this study,
four climatic indices associated to the precipitations and temperatures were considered as potentially impacting on the
availability of water resources, population and agricultural
productivity in this zone (Emmanuel et al., 2019). These indices, computed with Climate Data Operator Commands, are
defined in Table 2 as follow. To bias-correct the model future projection, the cumulative distribution function matching (CDFm) of the model in the reference period is used to
identify the corresponding percentile values of the future period (Batablinlè et al., 2018). Later the observation CDFm
is used to find the climate variable value for the same future
cumulative probability, which represents the bias corrected
future value. The drawback of the above procedure of bias
correction is the assumption of constant bias between the reference and future periods . However, we will accept this assumption as most of the recent studies did (Sarr and Camara,
2017) as mentioned earlier, bias correction and spatial disaggregation relies on finer-scale observation data and consists
https://doi.org/10.5194/piahs-383-69-2020

−1
h1 = Fo−c
Fm−p

(3)

and
−1
h2 = Fm−c
Fm−p

(4)

A complete description of this method is described by
Gudmundsson et al. (2012).
Before this procedure, statistical measures such as the relative error or mean absolute error were used to describe and
compare the observed and simulated variables. The relative
error (EP and ET ), respectively for precipitations and temperatures of the estimated values of the rainfall may be calculated from the following Eqs. (1) and (2):
(Xo − Xs )
Xo
ET = (Xo − Xs )

(5)

EP =

(6)

and finally, the changes from the reference period are assessed as shown by Eqs. (7) and (8) respectively for precipitations and indices (1XP,I ) and temperatures (1XT )


FF − HIST
× 100
(7)
1XP,I =
HIST
or
1XT = FF − HIST

(8)

where FUT and HIST represent respectively for the future
(by 2100) and the historical or reference period (1971–2000).
3
3.1

Results and discussions
Results

Before assessing the climate change scenario we evaluated
the considered models’ performances to represent the climate
Proc. IAHS, 383, 69–78, 2020
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Table 1. Used climatic models, global model under which they are run (column 1), their Institute of origin (column 2), their short name

(column 3) and RCM model Name (column 4).
Global Model Name

Institute ID

Model Short Name

RCM Model Name

GFDL-ESM2M
NorESM1-M
MPI-ESM-LR
MIROC5
IPSL-CMA5-MR
EC-EARTH
CNRM-CM5
CanESM2

NOAA-GFDL
NCC
MPI-M
MIROC
IPSL
ICHEC
CRNM-CERFACS
CCCma

NOAA
NCC
MPI
MIROC
IPSL
ICHEC
CNRM
CCCMA

SMHI-RCA4
SMHI-RCA4
SMHI-RCA4
SMHI-RCA4
SMHI-RCA4
KNMI-RCAMO22T
SMHI-RCA4
SMHI-RCA4

Table 2. Selected indices and their signification.

ID

Name

Definition

Units

Frequency indices (adapted from WMO 2009)
CDD

Consecutive dry days

Maximum number of consecutive days
with PRCP∗ <1 mm

d

CWD

Consecutive wet days

Maximum number of consecutive days
with PRCP∗ >1 mm

d

Intensity indices (adapted from WMO 2009)
RX5day

Max5-day precipitation
amount Annual

Maximum consecutive 5 d precipitation

Mm

SDII

Simple daily intensity Index

Annual total precipitation divided by
the number of wet day (defined as
PRCP∗ >1 mm) in the year

mm d−1

∗ PRCP – daily total precipitation

of the study region. Table 3 showed that the spatial mean
rainfall MAE (Mean absolute error) of the selected RCMs are
weak and not greater than 3 mm d−1 in mean during the main
part of the rainy season which is June to September (the agricultural period). NOAA model is the most accurate model
while MIROC model showed the biggest MRE (Mean relative error). The higher bias between simulated and observed
data, may be caused by errors in measuring data and errors
associated with the model. The statistical analysis show that
there is no enough an agreement between simulated and observed variables which such as mean temperatures (minimum
and maximum) and precipitations (Pm ). Obviously, current
RCMs still have substantial deficiencies in simulating the regional climate over Mono. To produce the reliable projections required for regional climate assessment, we need to
bias-correct the raw RCM outputs.
3.1.1

Changes of Minimum and Maximum temperature

Predicted changes of maximum temperature and minimum
temperature between the far future (2071–2100) and the reference period (1971–2000) are shown by Fig. 2. For the maxProc. IAHS, 383, 69–78, 2020

imum temperature, all the models predicted an increase for
the whole basin except model canESM2 which showed a
slight decrease for a small part of the southern basin. The
lowest increase is 0.42 ◦ C and is projected by the model
CNRM-CM5. The highest increase is 3.3 ◦ C and is projected
by the rest of models. The north of the basin is forecasted
to experience the greatest increase according to almost all
the models. The projections exhibited clearly an increase
in days of high heat in the north as shown by the models CNRM-CM5 (1), GFDL-ESM2M (6) , EC-EARTH (3),
IPSL-CMA5-MR (4), MPI-ESM-LR (6), NorESM1-M (7)
and Models-Mean (9). However, for models CCCMA, the
maximum temperature will be relatively cooler on some area
in the southward of the basin (mean value −0.29 ◦ C) and a
strong increase on the rest of this area. In the north and the
center, the maximum temperature will increase in average by
1 ◦ C for model CNRM-CM5 (1) and model MPI-ESM-LR
(5), 0.22 ◦ C for model GFDL-ESM2M (6), 1.45 ◦ C for models EC- EARTH (3), IPSL-CMA5-MR (4) and NorESM1M (7). Globally, the Models-Mean (9) predicted 1 ◦ C as rate
of increase.

https://doi.org/10.5194/piahs-383-69-2020
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Table 3. Spatial mean Rainfall MAE (in mm) and MRE (in %) between observations and bias corrected simulations over Mono river basin.

Main part of the rainy season
Models

Biases

J

F

M

A

M

J

J

A

S

O

N

D

NOAA

MAE
MRE

0
0

0
7

1.1
6

1.9
33

3.7
29

0.8
5

1.3
7

1.6
8

3.7
18

1.9
15

0.3
5

0
0

NCC

MAE
MRE

1.6
6

1.4
9

1.1
6

3.7
51

3.4
34

2.3
14

2.6
14

2.2
10

3.9
15

0.8
12

0.9
37

1.3
6

MPI

MAE
MRE

0.4
4

1.0
12

1.1
7

0.3
4

1.2
11

2.5
16

3.8
20

2.7
12

2.6
10

1.1
5

2.1
11

1.3
3

MIROC

MAE
MRE

1.2
6

2.2
6

1.3
15

0.5
15

0.5
47

3.1
20

2.1
12

3.2
12

4.5
16

1.4
6

0
0

1.1
2

IPSL

MAE
MRE

1.7
8

1.7
8

1.2
4

3.0
32

4.8
37

3.9
24

3.3
22

1.0
35

1.3
17

0.8
4

0.7
3

1.8
2

ICHEC

MAE
MRE

1.8
9

0.8
3

1.3
4

2.7
28

3.8
31

4.0
26

0.5
31

1.3
27

1.8
19

2.2
11

0.9
15

3.1
4

CNRM

MAE
MRE

2.1
2

0.2
26

1.4
5

2.0
33

2.9
28

2.2
13

1.3
18

2.0
22

3.3
15

3.2
13

0.4
11

0.5
6

CCCMA

MAE
MRE

1.2
4

0.8
2

1.3
3

3.5
34

3.6
25

3.1
16

2.5
28

1.4
12

1.2
9

0.3
14

1.8
8

0.1
22

Models Mean

MAE
MRE

0
0

0.1
9

0
0

1.9
11

1.3
13

2.8
8

3.1
9

2.5
18

2.3
10

2.7
7

0.2
2

0.3
3

The analysis of projected minimum temperature for far
future revealed that there is a relative uniform evolution
over the entire study period for all models except models
CNRM-CM5 (1) and EC-EARTH (3). Indeed, in the northward, the minimum temperature were projected and will
increase for (mean value 1.55 ◦ C), (mean value 1.45 ◦ C),
(mean value 2 ◦ C), (mean value 1.4 ◦ C), (mean value 2 ◦ C),
(mean value 2.4 ◦ C) and (mean value 1.2 ◦ C), respectively,
for models MIROC5 (2), IPSL-CMA5-MR (4), MPI-ESMLR (5), GFDL-ESM2M (6), NorESM1-M (7), canESM2
(8) and Models-Mean (9) . For the models CNRM-CM5
(1) and EC- EARTH (3), the results exhibit an increasing average for the minimum temperature in the north.
When considering the southward and the center, models
used predict an increasing average for, (mean value 2.5 ◦ C),
(mean value 0.51 ◦ C), (mean value 1.82 ◦ C), (mean value
2 ◦ C), (mean value 1.22 ◦ C), (mean value 1.55 ◦ C) and
(mean value 1.83 ◦ C), respectively, for models MIROC5 (2),
IPSL-CMA5-MR (4), MPI-ESM-LR (5), GFDL-ESM2M
(6), NorESM1-M (7), canESM2 (8) and Models-Mean (9).
While for models CNRM-CM5 (1) and (C) EC-EARTH (3),
the results show a relative rise of the minimum temperature
but more than 1 ◦ C.

https://doi.org/10.5194/piahs-383-69-2020

3.1.2

Precipitation frequency indices

We have analyzed also the maximum duration of the number
of consecutive wet days (CWD) and the maximum number
of consecutive dry days (CDD) in Fig. 3. The changes relating to the maximum duration of the number of consecutive
wet days (CWD) between the far future and the historical
period are shown in Fig. 3. The lowest decrease is −40 %
and is projected by the model (M8) CanESM2. The highest increase is 32 % and is projected by model (M5) MPIESM- LR. Indeed, the projection models used showed a variability of the consecutive wet days on the northern part of
the basin from 0 % to −14.5 %, −15 % to −21 %, −10 %
to −20 %, −5 % to 15 %, −10 % to 11 %, −10 % to 17 %,
−10 % to 5 %, −10 % to 20 % and −10 % to −15 % respectively for models CNRM-CM5 (M1), MIROC5 (M2),
EC-EARTH (M3), IPSL-CMA5-MR (M4), MPI-ESM- LR
(M5), GFDL-ESM2M (M6), NorESM1-M(M7), CanESM2
(M8) and Mean-models (M9). The southward and center (except models MPI-ESM-LR (M5) and GFDL-ESM2M (M6)),
there is a decreasing average in general for the maximum duration of the number of consecutive wet days (CWD), from
0 % to −15 %, 0 % to −10 %, −5 % to −15 %, −15 % to 5 %,
0 % to −10 %, −10 % to −30 % and −10 % to −5 % respectively for models CNRM-CM5 (M1), MIROC5 (M2), ECEARTH (M3), IPSL-CMA5-MR (M4), NorESM1-M (M7),
CanESM2 (M8) and Mean-models (M9). In summary, sevProc. IAHS, 383, 69–78, 2020
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Figure 2. Maximum and minimum temperature changes (◦ C)

Figure 3. Mean consecutive wet days (CWD) and Mean consecu-

between far future (2071–2100) and historical period (1971–
2000) during May to September for models: (1) CNRM-CM5, (2)
MIROC5, (3) EC-EARTH, (4) IPSL-CMA5-MR, (5) MPI-ESMLR, (6) GFDL-ESM2M, (7) NorESM1-M, (8) CanESM2 and (9)
Models-Mean (ensemble mean of Model) in the North (N), Center
(C), South (S) and over mono basin (B).

tive dry days (CDD) changes between far future (2071–2100) and
historical period (1971–2000) during May to September for models:
(M1) CNRM-CM5, (M2) MIROC5, (M3) EC-EARTH, (M4) IPSLCMA5-MR, (M5) MPI-ESM-LR, (M6) GFDL-ESM2M, (M7)
NorESM1-M, (M8) CanESM2 and (M9) Models-Mean (ensemble
mean of Model).

eral models used have announced clearly a decrease the
northward of the maximum duration of the number of consecutive wet days (CWD) and over the south and center of
the Mono basin. To quantify the potential impact of climate
change on future drought events, the change in the number of
dry periods was analyzed. A dry period is defined as at least
five consecutive days for which the daily precipitation is less
than 1 mm. The relative deviations of the maximum duration
of dry sequences between the far future and the historical
period are represented in the Fig. 3. Contrary to the case of
the consecutive wet days (in the same figure), the projection
models used show a variability of the consecutive dry days
on the northern part of the basin from −5 % to 5 %, 20 %
to 50 %, 10 % to 40 %, 4 % to 18 %, 15 % to 25 %, −5 % to
10 %, −10 % to 20 %, −20 % to −10 % and 10 % to 25 %,
respectively, for models CNRM-CM5 (M1), MIROC5 (M2),
EC-EARTH (M3), IPSL-CMA5-MR (M4), MPI-ESM-LR
(M5), GFDL-ESM2M (M6), NorESM1-M (M7), CanESM2
(M8) and Mean-models (M9). The southward and center,
models project an increase of the maximum duration of the
number of consecutive dry days (CDD), from 10 % to 25 %,
40 % to 50 %, 30 % to 50 %, 6 % to 12 %, 5 % to 10 %, −4 %
to 5 %, 20 % to 40 %, 20 % to 30 % and −5 % to 10 %, respectively, for models CNRM-CM5 (M1), MIROC5 (M2),
EC-EARTH (M3), IPSL-CMA5-MR (M4), MPI-ESM-LR

(M5), GFDL-ESM2M (M6), NorESM1-M (M7), CanESM2
(M8) and Mean-models (M9). The RCMs and their mean
in general showed that the maximum number of consecutive
rainy days (CWD) will decrease over the Mono basin while
the maximum duration of dry sequences will go up.
Other important aspects of daily precipitation characteristics for evaluating climate variability and change impacts is
the Max 5 d precipitation and the simple daily intensity index (intensity indices) within the rainy season. The section
following is reserved to the analysis of the intensity indices.

Proc. IAHS, 383, 69–78, 2020

3.1.3

Precipitation intensity indices

The relative differences in the number of rainy days during
the rainy season (May–June–July–August–September) between the far future and historical period are shown in the
Fig. 4. The model MPI-ESM-LR (M5) indicated lowest decrease (mean value −9 %) against the model NorESM1-M
(M7) which indicates an increase of the max 5 d precipitation
the northward (mean value 20 %). In general, the projection
models used showed a variability of the max 5 d precipitation
in the north of the basin varying between, −7.5 % and −5 %,
−4 % and 4 %, 5 % and 15 %, 5 % and 20 %, −30 % and
10 %, −5 % and 5 %, 0 % and 20 %, 10 % to 15 % and −10 %
and 20 %, respectively, for models CNRM-CM5 (M1),
https://doi.org/10.5194/piahs-383-69-2020
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MIROC5 (M2), EC-EARTH (M3), IPSL-CMA5-MR (M4),
MPI-ESM-LR (M5), GFDL-ESM2M (M6), NorESM1-M
(M7), CanESM2 (M8) and Mean-models (M9). The southward models projected also a fluctuation of the max 5 d,
between −8.5 % and −7.5 %), −6 % and −2 %, −5 % and
0 %, −5 % and 0 %, −20 % and 10 %, −15 % and −5 %, 0 %
and 20 %, 10 % and 15 %, and −10 % and 20 % , respectively, for models CNRM-CM5 (M1), MIROC5 (M2), ECEARTH (M3), IPSL-CMA5-MR (M4), MPI-ESM-LR (M5),
GFDL-ESM2M (M6), NorESM1-M (M7), CanESM2 (M8)
and Mean-models (M9). In the center and south, models
NorESM1-M (M7) and CanESM2 (M8) show clearly a decrease of the max 5 d, respectively, for, −5 % and −10 %.
The RCMs and their mean showed in general that the max 5 d
will decrease over the south and center of the Mono basin.
The relative differences in the intensity of rainy days between the far future and the historical period are shown in the
Fig. 4. For the results of the variability of the simple daily intensity index, the models have shown dipole structures, as
the frequency indices : The projection models used show a
variability of the simple daily intensity index in the north of
the basin varying between, −6 % and −1 %, −4 % and 3 %,
−2 % and 8 %, −16 % to 8 %, −10 % and 10 %, −12 % and
4 %, −15 % and 5 %, −15 % and 5 % and −5 % and 0 % , respectively, for models CNRM-CM5 (M1), MIROC5 (M2),
EC-EARTH (M3), IPSL-CMA5-MR (M4), MPI-ESM-LR
(M5), GFDL-ESM2M (M6), NorESM1-M (M7), CanESM2
(M8) and Mean-models (M9). The southward models project
an increase and decrease of the simple daily intensity index
(Fig. 4), from −3 % to −1 %, 0 % to 3 %, −6 % to −2 %,
−16 % to −10 %, −2.5 % to 5 %, −12 % to −3 %, −10 %
to 5 %, −10 % to 5 % and −15 % to −5 %, respectively,
for models CNRM-CM5 (M1), MIROC5 (M2), EC-EARTH
(M3), IPSL-CMA5-MR (M4), MPI-ESM-LR (M5), GFDLESM2M (M6), NorESM1-M (M7), CanESM2 (M8) and
Mean-models (M9). The RCMs and their mean in general
showed that the simple daily intensity index will decrease
over a big part of the Mono basin during the rainy season
(May–June–July–August–September) particularly the southward and in the center.

3.1.4

Analysis of inter-annual irregularity

The analysis of the results presented in Table 4 shows that
K2 tends to decrease in two stations (Tchamba and Lomé)
from 1971–2000, indicating a tendency towards regularity.
On the other hand, in the six (6) others, K2 varies by increasing, showing a tendency of increasing the irregularity of the
precipitations. For the period 2071–2100, excepted stations
Alédjo, Anié, Soutouboua and Lomé, which will be marked
by increases but less significant, the other resorts will have
to increase to reach 9.41 at Sokodé 7.12 Tabligbo, 5.18 at
Atakpamé and 5.52 at Tchamba. Declining mean precipitation heights at all scales and irregular rainy seasons may
https://doi.org/10.5194/piahs-383-69-2020
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Figure 4. Max 5 d precipitation andsimple daily intensity in-

dex changes (in %) between far future (2071–2100) and historical period (1971–2000) during May to September for models:
(M1) CNRM-CM5, (M2) MIROC5, (M3) EC-EARTH, (M4) IPSLCMA5-MR, (M5) MPI-ESM-LR, (M6) GFDL-ESM2M, (M7)
NorESM1-M, (M8) CanESM2 and (M9) Models-Mean (ensemble
mean of Model).

be associated with a palpable increase in temperatures in the
Mono river watershed by 2100.
3.2

Discussion

The analysis of extreme weather indices shows that all climate projections indicate an overall increase in extreme temperatures in the Mono catchment. The variations of the rainfall and their indices will depend strongly on emission scenarios and models. Indeed, some models suggested an increase in these indices while others indicated a decrease. To
have better comprehension of results of in this paper it is important to look at the results of other regions and countries.
The large disparity observed in the evolution of precipitation
by 2100 could be due to the type of forcing models or the
convection pattern used in West Africa (Sylla et al., 2016).
This divergence of models on climate projections on precipitation in West Africa is still uncertain. Yèkambèssoun et
al. (2017) estimated that the spatially inconsistent trends of
climate indices noticed are likely linked to the high heterogeneousness of the rainfall. Indeed, the Mono basin is characterized by two types of rainfall regimes. In southern basin,
there are two rainy seasons which extend from mid-March
to mid-July and from mid-August to October. In northern
basin, there is one rainy season which extends from April to
October. For Nelson et al. (2010), in the future (specifically
Proc. IAHS, 383, 69–78, 2020
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Table 4. Results obtained by calculation of the K2 coefficient of inter-annual rainfall irregularity in the form of table of 1971–2000 and
2071–2100 for the Tabligbo, Atakpamé, Anié, Soutouboua, Sokodé, Tchamba , Alédjo and Lomé stations.

Station
Atakpamé
Tabligbo
Anié
Lomé
Sokodé
Tchamba
Alédjo
Soutouboua

1971/1980

1981/1990

1991/2000

2071/2080

2081/2090

2091/2100

1.09
1.53
1.86
2.23
3.04
3.08
1.48
2.54

2.92
1.22
2.38
4.96
7.12
4.74
2.14
1.13

2.51
2.04
2.17
4.11
9.41
3.50
1.19
7.38

5.18
7.12
1.51
6.51
8.56
5.36
1.95
1.56

2.19
4.12
1.38
1.85
2.85
5.52
1.98
3.80

3.54
2.01
2.01
2.12
3.52
3.52
4.9
8.02

by 2050), precipitation may rise or fall on average depending
on which model we look to. Despite everything, in the Mono
basin, several models used agree on an increase in temperature (maximum and minimum) and a decrease of precipitation on a large part of the basin. Nelson et al. (2010) using
models GCM (general circulation models), showed that, in
the future (specifically by 2050) the temperature is expected
to increase between 1 and 2.5 ◦ C in Togo. Diallo et al. (2013)
pointed out that the decrease in mean rainfall in this area of
West Africa could probably be induced in part by a weakening of the moisture from local sources, slowing down the
hydrological cycle. Over the Mono basin, our work is also
consistent with many works (Tall et al., 2016; Batablinlè et
al, 2018; Lamboni et al., 2019a, b), which found a strong decrease in precipitation by 2100 under the RCP8.5 scenario. It
is also in line with the recent special IPCC report which
states that West Africa will likely experience longer and
more intense droughts in the near future (IPCC, 2013). In
general, when considering the number of rainy days and the
intensity of rainy days (mostly declining) were coherent with
that of rain simulated average on the Mono basin. By consequence, Extreme rains in some areas could lead to some extreme events such as floods and droughts. The analysis of the
maximum duration of wet sequences shows a sharp decline
in the Mono basin (Batablinlè et al., 2018). Ly et al. (2013)
showed a gradual decrease in the maximum duration of the
number of wet sequences in West Africa since 1960. Our
work shows that such an evolution diagnosed on the present
climate is likely to persist in the future. This decrease of the
maximum duration of wet sequences in Togo and particularly
on the Mono basin appears to be consistent with the evolution of the maximum duration of dry sequences because a
sharp decrease in the maximum duration of wet sequences
could favor an increase in the maximum length of the dry sequences. This decrease (respectively increase) of the wet sequences (respectively dry sequences) in the Mono basin is a
response to global warming (Sylla et al., 2016). In Benin, the
work on climate indices made. Yèkambèssoun et al., 2017
showed that only the annual total precipitation, the annual
total of wet days and the annual maximum rainfall recorded
during 30 d present a significant decreasing trend while the
Proc. IAHS, 383, 69–78, 2020

other rainfall indicators appear to remain stable for the period 1960–2000. Likewise rainfall during the months of June
to September appears to have witnessed declining trends over
1961–1993 in Nigeria (Oguntundé et al., 2011; Easterling, et
al., 2000).
The contribution of our study in the area is the use of several variables (analyzed with several models) based exclusively on precipitation and other parameters (e.g. temperature) to analyze the rainfall season patterns and determine
the factors of their temporal variability. The results of this
study could enable policy makers to adapt strategies needed
for better management of water and natural disasters and the
development of a resilient agricultural system in the face of
climate change. Since assessments of the impacts of climate
change in West-Africa are one of the issues most addressed
by the IPCC, the use of multi-models for future extreme temperature and precipitation assessment under the greenhouse
gas emission scenario RCP4.5 and RCP8.5 over Mono basin
is a promising prospect that would contribute to a better understanding of the potential effects of climate change

4

Conclusions

A new multi-source dataset is used in this paper to analyze
changes in extreme temperature and rainfall events over the
Mono basin on the far future (2071–2100) and the historical period (1971–2000). The analysis of these climatic data
has contributed to the knowledge of extreme phenomena and
their evolution in the future over the Mono basin. These extreme climatic phenomena are very random and highly variable in space and time. Their knowledge is therefore fundamental to protect against natural disasters. The RCMs as
well as their average showed that rain will decrease over the
Mono basin while temperatures (Maximum and minimum)
will increase. Moreover, others climatic indices have also
been analyzed in order to characterize these events. In this
way, for the simple daily intensity index and five-day maximum rainfall, the models have presented variable structures
but the average of the models showed a moderate diminution
on almost whole Mono basin except on some parts. The analhttps://doi.org/10.5194/piahs-383-69-2020
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ysis of wet and dry sequences showed that the most of RCMs
point out a fairly significant decrease in maximum duration
of the number of consecutive rainy days and an increase of
the maximum duration of the number of consecutive dry days
almost all over the Mono basin. Projections of the RCMs
showed that these extreme rain events do not evolve in the
same direction as precipitation and this could lead to flooding intense in some parts of Mono basin particularly in the
north. Seasonal evolutions were investigated to provide more
detail about intra-annual behavior in extreme parameters for
the Mono river basin. The results show that declining mean
precipitation heights at all scales and irregular rainy seasons
may be associated with a palpable increase in temperatures
in the Mono river watershed by 2100.
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0.44◦ and available at: https://esgf-data.dkrz.de/projects/esgf-dkrz/
(last access: 3 August 2017). The observed data used, are provided
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