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Abstract
In this study, we analyze the impact of bias correction models on
present and future precipitation and extremes rainfall events over Senegal. The
commonly used linear scaling (LS) bias correction method has been applied
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on four (4) regional climate models (RCMs) of the Coordinated Regional
Climate Downscaling Experiment (CORDEX) program. The linear scaling
bias correction method was firstly calibrated and validated during the 19761990 and 1991-2005 periods, respectively. The comparison with the observed
data revealed that the linear scaling method significantly improves the mean
and the extreme precipitations during the validation period. The RCMs
generally simulate a decrease of rainfall in the mid-twenty-first century under
the RCP8.5 greenhouse gas concentration pathway compared to the reference
period (1976-2005), except for the CCLM4 and the RCA4 models which show
respectively a slight increase overall Senegal and the east of the country. The
changes in precipitation indices such as the number of wet days (R1mm) and
mean frequency of heavy rainfall events (R20mm) follows that mean
precipitation change distribution. Almost uncorrected RCMs (except RCA4)
predict during the near future an increase in of the mean intensity of daily
rainfall events (SDII), the mean intensity of precipitation events above the
95th Percentile (R95PTOT) and the mean maximum dry spells length (CDD),
whereas a decrease in the mean maximum wet spells length (CWD) is
projected. After applying the LS bias correction, the spatial distribution
patterns are not so much modified in all the models but the magnitude of the
climate change signal is either amplified or moderated depending on the
considered variables.
Keywords: Regional Climate Models, Coordinated Regional Climate
Downscaling Experiment (CORDEX), Climate Change Signal, Bias
Correction, Senegal
Introduction
Knowing the climate and rainfall extremes trends in the near future is a
great challenge and is very important for Sahelian countries including Senegal,
whose economy depends mainly on agriculture and animal husbandry. Indeed,
climate projections made in the Sahel and particularly in Senegal (Sylla et al.
2016; Diallo et al. 2016; Sarr and Camara 2017) have shown a possible
reduction of mean precipitation and an increase in extreme events. To study
the impact of climate change in the Sahel, Global Climate Models (GCMs)
have often been used. However, several studies (Kim et al. 2014; Akinsanola
et al. 2018) have shown the presence of significant bias in the GCMs
especially in simulating the precipitation which the variability widely varies
from one model to another. GCMs have difficulties simulating several surface
heterogeneities because of their low spatial resolution (200 to 300 km). To
refine the diagnosis at regional or local scales, regional climate models
(RCMs) have been increasingly used to dynamically disaggregate GCMs
(Paeth et al. 2008). In this context, several experiments have been undertaken
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to produce coordinated experiments using several regional climate models
(RCMs). These include PRUDENCE (Christensen et al., 2008),
ENSEMBLES-AMMA (van der Linden and Mitchell 2009), and recently the
CORDEX program (Giorgi et al., 2009, Nikulin et al., 2012). Several studies
have shown the persistence of these biases in the RCMs, especially in certain
areas such as West Africa (Nikulin et al. 2012, Camara et al. 2013, Sarr et al.
2015). Indeed, the parameterization in the models remains a crucial problem
despite the increase in the resolution. So, the simulated climates are not still in
perfect agreement with the observations mainly at the local scale. To address
this issue, several authors (Hayhoe et al. 2007; Hawkins et al. 2012; Ahmed et
al. 2012) have recommended the use of bias corrections on climate model
outputs. Several bias-corrected methods have been tested in West Africa or in
other areas of the world. Mbaye et al. (2015) have used the delta function
method to bias correct the REMO model over the Senegal river basin;
Teutschbein and Seibert (2013) have tested the performance of four bias
correction methods in five (5) catchments in Sweden. Recently, Mahmood et
al. (2018) have highlighted the performance of precipitation extended linear
scaling method for correcting GCMs in the Jhelum river basin.
The objective of our study is to test the ability of the widely used linear
scaling (LS) method (Imbery et al. 2013, Dahm et al. 2016) to correct first the
biases from precipitation simulated by the regional climate models of the
CORDEX program (COordinated Regional climate Downscaling Experiment)
in Senegal; and secondly to analyze the impact of the LS method on the
projected mean and extreme precipitation under the Representative
Concentration Pathway 8.5 (RCP8.5) in Senegal.
1. Data and method
1.1. Study area and observation dataset
The study area is Senegal (figure 1) country in West Africa located
between latitude 12°30N-16°30N and longitude 11°30W-17°30W. The
climate, predominantly Sahelian, is characterized by two unevenly distributed
seasons characterized by a short rainy season in the north from July to
September, to a relatively short in the south from June to September and a long
dry season from November to May subject to the predominance of hot and dry
flows. During the rainy season, an increase in rainfall gradient is noted that
shifts southward (Salack et al. 2012).
Daily data from 35 rain gauge stations located in Senegal have been
used in this study (table 1, Figure 1). These daily datasets have been provided
by the National Agency for Civil Aviation and Meteorology of Senegal
(ANACIM) and span from the period 1950-2014. The natural neighbor
method that is based on a weighted average of local data (Ledoux and Gold,
2005), has been used for spatial interpolation.
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Figure 1. Mean summer precipitation (1991-2005), points indicate the location of the rain
gauge stations network of the National Agency for Civil Aviation and Meteorology
Table 1. Stations of the National Agency for Civil Aviation and Meteorology of Senegal
used in this study
Stations name
Longitude
Latitude
UTM Zone
Altitude
Baba Garage
-16°28'48"
14°57'00"
28P
24 m
Bakel
-12°27'36"
14°53'24"
28P
25 m
Bambey
-16°27'00"
14°40'48"
28P
21 m
Bignona
-16°16'12"
12°40'12"
28P
31 m
Boulel
-15°31'48"
14°16'48"
28P
31 m
Dakar-Yoff
-17°30'36"
14°43'12"
28P
27 m
Diouloulou
-16°34'48"
13°01'48"
28P
12 m
Diourbel
-16°12'00"
14°38'24"
28P
7m
Foudiougne
-16°28'12"
14°07'12"
28P
6m
Gossas
-16°04'48"
14°30'00"
28P
21 m
Kaffrine
-16°48'36"
14°06'00"
28P
16 m
Kaolack
-16°02'24"
14°07'48"
28P
9m
Kédougou
-12°12'36"
12°33'36"
28P
178 m
Kidira
-12°13'12"
14°28'12"
28P
39 m
Kolda
-14°57'36"
12°52'48"
28P
10 m
Koumpentoum
-14°33'00"
13°58'48"
28P
27 m
Koungheul
-14°49'48"
13°58'12"
28P
17 m
Linguère
-15°06'00"
15°22'48"
28P
24 m
Louga
-16°12'00"
15°36'00"
28P
41 m
Matam
-13°15'36"
15°38'24"
28P
19 m
Mbacké
-15°55'12"
14°48'00"
28P
47 m
Mborro
-16°52'48"
15°07'48"
28P
20 m
Mbour
-16°58'12"
14°25'12"
28P
15 m
Oussouye
-16°31'48"
12°28'48"
28P
20 m
Podor
-14°58'12"
16°37'12"
28Q
9m
Saint-Louis
-16°27'00"
16°02'24"
28Q
22 m
Sédhiou
-15°33'0"
12°41'24"
28P
23 m
Tambacounda
-13°40'48"
13°45'36"
28P
33 m
Thiadiaye
-16°42'0"
14°25'12"
28P
26 m
Tivaoune
-16°48'00"
14°57'00"
28P
57 m
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Toubacouta
Vélingara
Ziguinchor
Saraya
Kenieba

-16°28'48"
-14°06'00"
-16°16'12"
-11°46'12"
-11°13'12"

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

13°46'48"
13°08'24"
12°33'36"
12°46'12"
12°51'00"

28P
28P
28P
29P
29P

15 m
33 m
33 m
182m
88m

1.2.

Models description
Four (4) regional climate models (RCMs) from the CORDEX program
are considered in this study (Table 2). The horizontal resolution of the models
is 0.44°x0.44°. The RACMO and REMO models are driven by the Global
Climate Model (GCM) EC-EARTH, while the RCA4 and CCLM4 models are
driven by the CNRM-CM5 as shown in table 2. Two periods have been
considered in this study, the reference period or historical period that lays from
1976 to 2005 and the near-future period that goes from 2036-2065 and
corresponds to the mid-twenty-first century. Climate projections used here are
forced by the Representative Concentration Pathway (RCP) 8.5 as described
in Moss et al. (2010). It represents the prescribed greenhouse gas concentration
pathway throughout the twenty-first century that corresponds to a radiative
forcing of 8.5 W.m-2 known as the high-level emission scenario.
Name
CCLM4
RACMO22T
RCA4
REMO

Table 2. Description of the regional climate models
GCM forcing
Institution
References
CLM-community
CNRM-CM5
Baldauf et al., (2011)
EC-EARTH
CNRM-CM5
EC-EARTH

KNMI, The
Netherlands

Van Meijgaard et al., (2008)

SMHI, Sweden
MPI, Germany

Samuelsson et al., (2011)
Jacob et al., (2007)

1.3.

The Linear scaling (LS) bias correction
The linear scaling method (Lenderink et al. 2007) adjusts rainfall of
RCM simulations with correction values based on the relationship between
long-term monthly mean observed and RCM control run values. The rainfall
is adjusted using a multiplicative factor. It aims to perfectly match the longterm monthly mean of corrected values with those observed. The
multiplicative factor is developed by comparing the observed data with the
corresponding historical RCMs simulations and then applied to each daily
value of the entire time series of the RCMs. It is widely used (Mendez et al.
2020, Worku et al. 2019, Willkofer et al. 2018, Mahmood et al. 2018, amount
others) and is easy to implement (Shrestha et al. 2017). It is given by the
following formula:
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are respectively the corrected and the

uncorrected precipitation on the dth day of mth month.
and
are
respectively the mean values of daily observed and simulated data of mth
month during the calibration period. The corrected factor (
) remains
unchanged during the validation and future periods. The calibration period
spans from 1976 to1990 whereas the validation goes from 1991 to 2005. The
reference dataset is rainfall data from the 35 rain gauge stations (from the
ANACIM) located around Senegal.
1.4.

Precipitation indices
The spatial distribution of rain in the summer period (June-September)
as well, extreme precipitation indices derived from the Expert Team on
Climate Change Detection and Indices (ETCCDI) and recommended by the
World Meteorological Organization (WMO), have been analyzed. The
ETCCDI indices have been widely used and provide daily statistics to assess
changes in temperature and precipitation regimes on duration, intensity, and
occurrence (Diatta et al. 2020, Sillman et al. 2013, Zhang et al. 2011, Peterson
et al, 2001, etc.). In this work, we focused only on six (6) extreme precipitation
indices that seemed to be most relevant for our study area and are compiled in
Table 3.
Indices
acronyms
R1mm

Table 3. List and description of extreme precipitation indices
Indices names
Description

R20mm

Number of wet days
Number of very heavy rainfall
events

SDII

Daily precipitation intensity

CWD

Mean maximum wet spell
length

CDD

Mean maximum dry spell
length

R95PTOT

Total precipitation percent due
to heavy rain days

www.eujournal.org

number of days with
precipitation > 1 mm
Maximum number of days
with precipitation > 20 mm
Precipitation intensity due
the wet days only
Maximum number of
consecutive days with
cumulative daily rainfall
greater than 1mm/day
Maximum number of
consecutive days with
cumulative daily rainfall
lower than 1mm/day
Percentage sum of daily
precipitation > 95th
percentile

units

days
days
mm/day
days

days

%
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2.
2.1.

Results
Evaluation of the RCMs and the LS method
Figure 2 shows the distribution of precipitation observed in Senegal
(Fig.2.a) during the summer (June-September) and the biased distributions of
RCMs without correction (Fig.2.b-f) and with correction applied (Fig.2.e-k)
with respect to the observations during the validation period (1991-2005). The
observations show a latitudinal distribution of precipitation from the south to
north with larger amounts in southern Senegal. The uncorrected RCMs show
fairly large biases across the country. The REMO_raw and RCA4_raw models
(Fig.2b and Fig.2d, respectively) overestimate the intensity of precipitation
over most parts of Senegal. However, the RCA4 model shows a strong
underestimation of around 4mm in the southwestern part of Senegal. Fig.2.c
presents the bias distribution of precipitation simulated by the CCLM4_raw
model. A high underestimation of the precipitation (about 3 mm) is observed
in almost all parts of Senegal. The uncorrected RACMO model
(RACMO_raw) (Fig. 2.e) presents an important negative bias in the middle
and south parts of the country that is generally less than 2mm in absolute value.
However, it slightly overestimates the precipitation in the eastern and
northwestern parts of the country. When considering the uncorrected
ensemble-mean, we note that these biases are relatively lower (Figure 2.f) with
a very slight overestimation of precipitation (below 1 mm) over almost all
parts of Senegal except in the south where the precipitation is slightly
underestimated. The reduction of the biases found with the ensemble mean is
in agreement with the Nikulin et al. (2012), Kim et al. (2014), and Gbobaniyi
et al. (2014) findings, which showed that the ensemble-mean model improves
the performance of the models taken individually.
When applying the linear scaling (LS) bias correction method, the
majority of corrected models show a remarkable reduction of precipitation
magnitude in the whole country. For instance, the bias-corrected models such
as REMO and RCA4 (Fig.2g and Fig.2i, respectively) show a reduction in
absolute values from 3.5 mm/day to 0.5 mm/day. It should be noted that the
uncorrected RCA4 and REMO models which present a wet bias in southern
Senegal, exhibit a considerably reduced bias after correction.

www.eujournal.org

143

European Scientific Journal, ESJ
October 2021 edition Vol.17, No.37

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

Figure 2. a. observed mean summer rainfall for the validation period (1991-2005) and the
bias of uncorrected RCMs and their ensemble mean (b. REMO_raw, c. CCLM4_raw, d.
RCA4_raw, e. RACMO_raw, f. Ens/RCMs_raw) (upper row) and the bias-corrected RCMs
and their ensemble mean (g. REMO_corr, h. CCLM4_corr, i. RCA4_corr, j. RACMO_corr,
j. Ens/RCMs_corr) (lower row) with respect to the observation expressed in mm/days

To better investigate the performance of the LS method, the mean bias
(in %) and the root mean square error (in mm/day) of mean and extreme
precipitation are shown in table 4. The analysis of table 4 reveals that
uncorrected models present the largest model error. The reduction of the error
between uncorrected and corrected models is more felt with the mean
precipitation. The model errors are also reduced in the extreme precipitation
simulations corrected by the LS method with a lower rank than previously.
Then, the LS exhibits a good score for most of the precipitation indices. This
performance of the LS bias correction method gives good confidence in the
analysis of the mid-twenty-first century rainfall spatial distribution changes.
Table 4. Mean bias (MB) expressed in %, root mean square error (RMSE) expressed in
mm/day to observation during the validation period (1991-2005)
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2.2

Projected change in precipitation and extreme precipitations
Figure 3 shows the relative rainfall change between the near future
(2036-2065) and the historical period (1976-2005) for both the uncorrected
models (Figs.3.a-e) and the corrected models (Fig.3 f-j). The results show a
low rainfall change with three uncorrected models (CCLM4_raw, RCA4_raw,
and RACMO_raw) and the ensemble-mean as seen in Figures 3.b-d. The
CCLM4_raw model (Fig. 3.b) shows a slight increase in precipitation signal
(between 10 and 30%) over the whole region. While the RCA4_raw model
(Fig. 3c) reveals approximately more than 10% increase of precipitation signal
over the east and 10% to 20% of reduction toward the west of the country. The
RACMO_raw (Fig. 3.d) simulates a low decrease of rainfall over a large part
of the country except in the southern area. Figure 3.a shows the distribution
of change in precipitation simulated by the REMO_raw; it shows a north-south
gradient of change with an intense decrease toward the north. The ensemblemean of the models (Fig. 3.e) shows little rainfall changes with a slight
increase over the southern and a slight decrease over the northern part of the
country (between 50 and 60%). Corrected models present in general a similar
spatial distribution of precipitation compared to the original models with
different magnitudes (Figures 3.f-j). Indeed, the corrected models predict
much stronger changes compared to the uncorrected models but with different
behavior from a model to another. For instance, the REMO_corr (Figure 3.f)
displays a high decrease in precipitation in the mid-twenty-first century which
is more accentuated in the northern part (more than 80%). Similar behavior is
also observed with the ensemble-mean that shows an increase of the change
from 10% to 20% (Fig. 3.j), and the RACMO_corr which increases the change
between 10% and 50% (Fig 3.i). Few differences are noted in the spatial
pattern changes between RACMO_raw and RACMO_corr. An east-west
decrease of the gradient of rainfall change along the country is simulated by
the RACMO_corr, while a north-south gradient in change is exhibited by the
RACMO_raw. One interesting thing is that the spatial pattern of rainfall
change is almost the same as the REMO_raw and the REMO_corr. Therefore,
it can conclude that the applied bias correction on REMO does not alter the
nature and the spatial pattern of change. This result is similar to Mbaye et al.
(2015) findings when they applied the CDFt bias correction method to REMO
over Senegal rivers. The LS method does not also change the spatial pattern
in the CCLM4_corr and RCA4_corr (Figs 3.g and Figs 3.h, respectively)
compared to the uncorrected models but the magnitudes are not the same. The
bias-corrected models show more pronounced change compared to
uncorrected models.
To characterize the extremes of precipitation, the mean frequency of
wet days (R1mm), the mean frequency of heavy rainfall events (R20mm), the
mean intensity of precipitation events above the 95th Percentile (R95Ptot), the
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mean maximum dry spell length (CDD) and the mean maximum wet spell
length (CWD) have been analyzed.

Figure 3. Mean summer projected rainfall change in % (2036-2065 minus 1976-2005) for
each RCMs and their ensemble-mean, uncorrected models are in the upper row (a.
REMO_raw, b. CCLM4_raw, c. RCA4_raw, d. RACMO_raw, e. Ens/RCMs_raw) and
corrected models are in the lower row (f. REMO_corr, g. CCLM4_corr, h. RCA4_corr, i.
RACMO_corr, j. Ens/RCMs_corr)

Figures 4 and 5 show respectively the projected changes in the number
of rainy days (R1mm) and the frequency of heavy rainfall events (R20mm) in
the uncorrected (upper row) and the bias-corrected (lower row) RCMs and
their ensemble-mean. Compared to rainfall change distribution, the projected
R1mm distributions change of RCMs generally follow the same patterns. We
should note that the LS correction does not influence pretty much the R1mm
change in Senegal as seen in figure 4. Similar behavior is observed in the
R20mm projected change distributions, however little differences namely on
the structures of the change have been noted (Figure 5). These results are not
surprising as it’s known that one disadvantage of the LS method is that the
wet-day frequencies and intensities are not corrected (Lenderink et al. 2007).

Figure 4. Same as Fig.3 but with mean summer projected number of rainy days (R1mm)
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Figure 5. Same as Fig.3 but with mean summer projected frequency of heavy rainfall
(R20mm)

The summer projected changes in the mean intensity of daily rainfall
events (SDII) are shown in figure 6. Almost models simulate an increase of
the simple daily intensity index (SDII) in the near future, except the RCA4
which shows a decrease in the eastern-south and western-north of Senegal
(Fig.6.c) and the REMO which simulates also a negative change in the central
northern part of Senegal (Fig.6.a). The CCLM4 seems to give the maximum
percentage of change (Fig.6.b). The bias-corrected models (Figures 6.f-i)
simulate similar spatial distributions change of SDII but the intensities of the
signal are stronger compared to the original models namely in the south and
the southern-east of Senegal.
The projected changes in the total precipitation percent due to heavy
rain days (R95PTOT) are shown in figure 7. The R95PTOT corresponds to
intense rainfall events. The uncorrected models REMO_raw and CCLM4_raw
(Fig 7.a and Fig.7.b, respectively) generally present an increase of the
R95PTOT (more than 10%) over Senegal. Nevertheless, the CCLM4_raw
shows a slight decrease over the extreme north and extreme southwest of the
country. The RACMO_raw (Fig. 7.d) exhibits an increase in the western band
of the country and the northern. However, the R95PTOT is decreasing in the
center. Unlike other models, the RCA4_raw shows almost a decrease of
R95Ptot over the whole country and a slight increase toward the north-east as
shown in figure 7.c. The decreasing pattern obtained with this model could
reach 30% toward the west of the country. A slight increase is also found in
the uncorrected ensemble-mean (Fig. 7.e). The spatial patterns observed in the
uncorrected models seem to be similar to those observed in the bias-corrected
models. However, the magnitude of the changes is slightly less important in
the CCLM4_corr and RCA4_corr (Fig. 7.g and Fig. 7.h, respectively) and
conversely more pronounced in the REMO_corr, the RACMO_corr and the

www.eujournal.org

147

European Scientific Journal, ESJ
October 2021 edition Vol.17, No.37

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

ensemble-mean bias-corrected (Fig. 7.f, Fig. 7.i, and Fig. 7.j, respectively)
compared to their corresponding uncorrected models.
It should be noted that the large increase of change in the R95PTOT
and the SDII predicted by the majority of the models (except RCA4) may be
translated by a future strengthening of natural disasters such as floods. These
results are also in agreement with previous findings (Giorgi et al. 2011, 2014,
Sylla et al. 2016 and Diallo et al. 2016).

Figure 6. Same as Fig.3 but with mean summer projected simple daily intensity index
(SDII)

Figure 7. Same as Fig.3 but with mean summer projected very wet days (R95Ptot)

The last part of this paper is devoted to the analysis of dry spell lengths
(CDD) and wet spell lengths (CWD) as illustrated in figures 8 and 9. The
REMO_raw, the RACMO_raw, and the ensemble-mean show more dry spell
lengths in the near future in the whole Senegal with more intensity on the north
(Figs. 8.a, 8.d and 8.e). The CCLM4_raw and the RCA4_raw also project an
increase of dry spell lengths from the center of the country to the north. They
also project a decrease of the CDD in the eastern-south (CCLM4_raw) and in
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a localized area up to the west of Gambia as presented in figures 8.b. and 8.c.
When considering the biases corrected models (figures 9.f-i), we note
generally similar patterns than previously. Nevertheless, the magnitudes of the
change signal are generally slightly lower and less localized in space. As a
large increase in consecutive dry days (CDD) implies a large decrease in
consecutive wet days (CWD), most of the models display a reduction of the
CWD in the mid-twenty-first century (Figure 9). However, the CCLM4_raw
model (Fig. 9.b) shows a slight increase in the south and extreme north of
Senegal, whereas the RCA4_raw exhibits a positive percentage of change in
the west band of the country suggesting an increase of wet spell lengths in the
near future under the RCP8.5 as illustrated in figure 9.c. The remaining
uncorrected models project almost a decrease of the CWD in the whole
Senegal. The ensemble-mean model shows a similar pattern but with little
patches where the changes are positive in the western-south and near Mbour
in the south of Dakar (Fig.9.e). The spatial distribution of future changes
obtained after bias correction is generally similar to the uncorrected ones.
Contrary to the previous analysis (CDD), the magnitude of the negative
changes is generally more pronounced. For example, the REMO_corr, the
RACMO_corr and the ensemble_mean bias-corrected (Figs. 9.f, 9.h, and 9.j,
respectively) show more spatial extend in the maximum of the change
compared to the corresponding uncorrected models. An opposite pattern is
observed with the positive change, the corrected models seem to reduce the
percentage of change in the near future as projected by the CCLM4_corr and
RCA4_corr and illustrated in figure 9.g et 9.h As pointed out by others authors
(Lintner et al. 2012; Sylla et al. 2016), the decrease in CWD predicted by
almost all models during the near future is a response to the increasing global
warming. In any case, the large increase (decrease) in CDD (CWD) could
affect some economic activities such as agriculture which represents an
important income for Senegal.

Figure 8. Same as Fig.3 but with mean summer projected maximum dry spell length (CDD)
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Figure 9. Same as Fig.3 but with mean summer projected maximum wet spell length
(CWD)

3. Conclusion
The study presented here aims to evaluate the impact of bias correction
on precipitation in the present (1976-2005) and the near future (2036-2065)
over Senegal under the RCP8.5 scenario. The Linear scaling method has been
applied on the outputs simulations of high-resolution rainfall data
(0.44°x0.44°) of four (4) regional climates models (CCLM4, RACMO, RCA4,
and REMO) engaged in the CORDEX program. The first step was to calibrate
and validate the linear scaling bias correction method during the 1976-1990
and 1991-2005 periods, respectively. The results show a good performance of
the LS bias correction method during the validation period. The results
obtained in the projected simulations show generally a decrease in mean
precipitation in the mid-twenty-first century compared to the historical period
(1976-2005). However, a slight increase is exhibited by the CCLM4 over all
the country and by the RCA4 in the eastern part of the country. The applied
bias correction method did not modify the spatial distribution of the
precipitation changes, but the projected changes (increase or decrease) seem
generally to be more intense in bias-corrected models. The analysis of the
future extreme precipitation shows that the spatial pattern of the R1mm and
R20mm follows the mean rainfall behavior. However, the areas where the
R20mm (R1mm) is decreasing, are less (more) extended. The reverse is noted
when we consider the increase patterns. The spatial distribution observed in
the uncorrected models is also so much modified in the bias-corrected models,
but the magnitude of the change is generally small in the bias-corrected
models. A general trend of increasing precipitation intensity indices (SDII and
R95Ptot) is observed over almost the whole of Senegal, except for the RCA4
that simulates a decrease of R95PTOT overall the country. The LS method
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slightly increases the magnitude of the SDII. As for the R95PTOT, the
magnitude of the changes is lower in the CCLM4 and RCA4 bias-corrected
and higher in the REMO, the RACMO, and the ensemble-mean model. The
analysis of the mean maximum dry spell lengths (CDD) and the mean
maximum wet spell lengths (CWD) shows that the RCMs generally project an
increase (decrease) of the CDD (CWD). However, the RCA4 model shows a
slight decrease (increase) of the CDD (CWD) over the east of the country; this
situation could involve an increase of intense droughts with disastrous
consequences for local economic activities. The climate change signal has
slightly decreased in the bias-corrected models for the CDD index. When we
consider the CWD index, the bias correction tends to slightly increase the
climate change signal in the REMO and RACMO models as well in the multimodel ensemble-mean and decrease it in the CCLM4 and RCA4 models.
Finally, our results show the Linear scaling bias correction method
does not affect the spatial distribution of the climate change signal but
modifies it either by amplifying the magnitude or by altering the signal.
Nevertheless, the bias corrections play a large role in assessing the climate
change impacts on hydrology and agriculture, it is important to test several
bias correction methods to better prevent climate change and apply relevant
adaptation measures.
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