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Abstract

Potential effect of bias correction on extreme precipitation and temperature 
changes over Senegal River Basin (West Africa)

Mamadou Lamine MBAYE1*, Babacar FAYE2, Djiby SAMBOU3, Amadou Thierno GAYE4

In recent climate change impact studies, bias correction is often used to overcome the well-known biases in global and regional 
models output. This study assesses the potential impact of bias correction on extreme precipitation and temperature of the Regional 
Climate Model REMO over the Senegal River Basin under the representative concentration pathways (RCP4.5 and RCP8.5). 
Changes in climate indices are analyzed with uncorrected and bias corrected simulations over the 21st century relative to the 
reference period (1971-2000). The results show in general a decrease of consecutive wet days (CWD) and an increase in the length 
of consecutive dry days (CDD) although slight increase of heavy rainfall is found particularly in the northern basin with similar 
spatial patterns of both data. Higher decadal variability of the maximum 5-day precipitation with the uncorrected in RCP8.5 is 
projected, while both data depicted similar variability for extremely wet days. The basin is likely to experience more warming of 
minimum temperature than maximum temperature. The bias correction affected mainly the magnitude of the climate change signal 
which was lower in the bias corrected data.
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1.  Introduction
The recurrence of droughts in West Africa, has led to a 
significant decline of water flows in many river basins. Rivers 
constitute the main water resource for drinking, irrigation, 
and industrial purposes in inland areas (Mouri et al., 2011). 
Africa is one of the most vulnerable continents due to its 
high exposure and low adaptive capacity (IPCC, 2014). The 
impacts of climate change over West Africa have increased 
its vulnerability in critical sectors such water resources, 
agriculture, health, etc. Studies on extreme climate over the 
region have shown an increase in extreme events (Karambiri 
et al. 2011, Ly et al. 2013, Sillmann et al. 2013, Klutse et 
al. 2015). Changes in river discharge are almost twice than 
those in precipitation over four large African river basins 
(Limpopo, Niger, Ubangi, and Upper Blue Nile) according 
to Aich et al. (2014). A comparison of lot a studies by several 
time slices has revealed that the impacts of climate change 
are more pronounced in the late 21st century by the rising 
greenhouses gases concentrations (Roudier et al. 2014). 
Ruelland et al. (2012) found a considerable decrease of rainfall 
and continuing increase of potential evapotranspiration that 
is likely to reduce runoff in the Bani catchment towards the 
21st century. A probable intensification of droughts events is 
expected for the period 2020-2040 by Faramazi et al. (2013) 
through an increase of dry days and the frequency of their 
occurrences. Furthermore, over Burkina Faso Ibrahim et al. 
(2014) have found an increase of heavy rainfall events that 
are greater than 50 mm towards the mid-century. 
In recent climate impact studies, the use of Regional Climate 
Models (RCMs) is gaining interest due to their high resolution 
and their ability to represent the main climate features over hot 
spot regions of complex climate such as West Africa. Although 
RCMs have considerable added value when compared to 
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General Circulation Models (GCMs) that are well known 
for their coarse resolutions, they biases were underlined by 
several authors (Roosmalen et al.,2011; Gbobaniyi et al., 
2013, Muerth et al., 2013). The biases in the regional climate 
model simulations can rise from shortcomings of the RCMs 
themselves, but also from erroneous forcing data as it was 
suggested by Schoetter et al. (2012). Then, bias correction 
is widely used to improve climate models output. However, 
there is lack of understanding the impact of statistical post-
processing on extreme climate at the basin scale. Then, our 
study attempt to address the issue of bias correction effect 
on extreme precipitation and temperature changes over the 
Senegal River Basin. This is capital to inform stakeholders 
and water resources managers in order to increase awareness 
and to support the development of adaptation strategies. 
Description of the data and methods used in this paper are given 
in Section 2. In Section 3 we present the results; section 4 exhibits 
the discussion, and finally the conclusion is given in section 5
2. Materials and methods
2.1. Senegal River Basin 
The Senegal River Basin is located in Western Africa. From 
its source in Guinea it flows through the western Sahel region 
in Mali, Mauritania and Senegal (Figure 1). Its catchment is 
about 300.000 km2 (OMVS, 2009) and it has a length of 1800 
km. The basin is subject to a large north–south precipitation 
gradient ranging from 150 mm/year in the north to more than 
1800 mm/year in the south. 
Temperatures go up to more than 40 degree Celsius in the 
northern basin and to 14°C in the Fouta Djalon Mountains 
(South).The predominantly natural vegetation of the region 
follows this rainfall gradient, ranging from semi-arid savannah 
in the north to sub-humid forest in the south (Stisen et al., 2008). 
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2.2 Datasets
Daily uncorrected and bias corrected climate model simulations 
(daily precipitation, minimum and maximum temperatures) 
from the Regional Climate Model REMO from 1971 to 2100 
were used in this study. The REMO simulations were forced 
with data from the global climate model MPI-ESM-LR (Stevens 
et al., 2013) following the newly developed representative 
concentration pathways (RCP4.5 and RCP8.5) emission scenario 
in the context of the Coordinated Regional Climate Downscaling 
Experiment (CORDEX, Giorgi et al., 2009) over Africa. The 
climate model output has been bias corrected following Piani et 
al. (2010) approach. The bias correction was based on a fitted 
histogram equalization where the corrected variable is a function 
of the modelled counterpart and the derived transfer function 
is such that the intensity histogram of the corrected variables 
matches the intensity histogram of the observed one (Piani et al., 
2010). The Water and Global Change (WATCH) forcing data 
methodology applied to ERA-interim reanalysis data known as 
WFDEI based on the work of Weedon et al. (2014) were used to 
bias correct the REMO output. 
The following equations were used to bias correct precipitation 
and temperature:
In the case of precipitation, the following transfer functions 
(TFs) were used: 

                     
 Where Pcor represents the bias corrected precipitation, 
P is a given value to be corrected and, a, b, P0 and τ are fit 
parameters and ln represents the natural logarithm. In the 
linear equation (1), the coefficients a, and b are respectively 
additive and multiplicative correction factors.  P0 is the value 
of precipitation below which modeled precipitation is set to 
zero. Equation (2) is expressed as a linear relation between the 
logarithms; and Equation (3) is composed by an exponential 
that tends to a linear asymptote (a+bP); τ is the rate at which the 
asymptote is approached and P0 is the dry day correction term.
For temperature, the bias correction is done in mean daily 
temperature (Tmean), minimum (Tmin) and maximum (Tmax) 
daily temperatures. The bias correction is done by correcting 
directly Tmin, Tmax and Tmean, the diurnal range (∆T) and the 

skewness (σ) defined as follow:
∆T=Tmax-Tmin       (4)
 σ= (Tmean-Tmin)/∆T      (5)

2.3 Simulations analyses
The analyses are mainly focused on extreme climate indices as 
such the maximum consecutive wet days (CWD), the maximum 
consecutive dry days (CDD), the heavy rainfall events (95th 
percentile), the maximum 5-day precipitation total and the extremely 
wet days (99th percentile). A day is assumed wet or dry when rainfall 
is greater or less than 1mm, respectively. The 1mm threshold is 
commonly used in most climate change studies for calculating 
extreme climate indices (Sillmann et al., 2013, Piani et al., 2010, Ly 
et al., 2013, Ibrahim et al., 2013, Kluste et al., 2015,  Zhang et al., 
2011, Sylla et al., 2015, Déqué et al., 2017, Mbaye et al., 2015, etc.)
The changes of CWD and CDD represent the difference 
between the scenario period (2071-2100) and the reference 
period (1971-2000). The changes are focused on the end of 
21st century because substantial changes are expected during 
the late century as it was suggested by Roudier et al. (2014) 
and Aich et al.  (2014). For the 95th and 99th percentiles, the 
rainfall values that exceed these percentiles are considered 
for the analysis. As for extreme temperatures, the percent’s 
of warm days and warm nights were computed by taking the 
values of maximum temperature and minimum temperature 
at the scenario period that are above the 90th percentiles of 
these temperatures in the reference period. Additionally the 
decadal variability is computed by 10 years running standard 
deviation from 2006 to 2100. The temporal variations are 
obtained by an average over the whole SRB.
3. Results 
3.1 Changes in extreme precipitation
Figure 2 displays the changes in maximum consecutive wet 
days (CWD), maximum consecutive  dry days (CDD) and the 
frequency of heavy rainfall at the end of 21st century (2071-
2100) that are above the 95th percentile of rainfall during  the 
present day (1971-2000). This figure shows a clear decrease 
of wet days length (up to 20 days) and an increase of dry days 
to more than 35 days. The increase of length of consecutive 
dry days is more pronounced in the northern basin which 
is the driest and hottest part of the Senegal basin than the 
southern basin. However, this part of the basin is likely to face 
the highest frequency of heavy rainfall (12 %) eventhough 
there is prolonged dry spells. 
In order to investigate the decadal variability of extreme 
precipitation, the 10 years running standard deviation of the 
maximum 5-days total precipitation and the extreme wet days 
(99th percentile) are shown in Figure 3.
The bias correction highy reduced the total 5-day precipition 
from present day climate to end of 21st century when comapred to 
uncorrected simulations. Both data depict a decadal variability that 
is more amplified with raw data in the extreme scenario (up to 36 
mm). The variability is higher during the decades 2011-2021, 2041-
2051, 2061-2071 and 2071-2081 with RCP8.5. As for RCP4.5, 
the most substantial variations are found after mid century to 2081 
(maximum reached at 39 mm) with original climate model output. 
The bias correction somewhat mismatches the magnitude of the 
decadal variability of accumulated precipitation. 

Figure 1: Senegal River Basin (SRB) 

(1)

(2)

(1)
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Furthermore, the extreme wet days are likely to be more variable 

(up to 2.8 %) during the decades 2021-2031, 2061-2071, 2081-2091 
with RCP8.5 for both data. Additionally, in RCP4.5 the decadal 
variability is projected to be more important from 2061 to 2081 for 
all simulations. In this later result the bias corection does not alter the 
climate change signal as found by Mbaye et  al. (2015). 

 3.2 Future evolution of  extreme temperature
The warm days (Figure 4a) and nights indices (Figure 4b) 
exhibit considerable increase of up to 95%  towards the end 
of century in the extreme scenario. The increase in this later 
scenario (70-95%) is almost twice as much as that in RCP4.5 
(40-65%) for both warmings and more pronounced from 
the central to southern part of the basin. It should be noted 
that  the higher the radiative forcing the  more substantial the 
changes; this confirms the work  of Sillmann et al. (2013).
The uncorrected data show the highest increase of warming 
days and nights. With regards to the range between warm days 
and nights (Figure 4c), it varies from -10 to 0%. These negative 
values indicate that the percent of warm nights is greater 
than the percent of warm days. This means that minimum 
temperature increases faster than maximum temperature as 
found by Sillmann et al. (2013).These spatial findings are also 
confirmed in their temporal variations (from 2006 to 2100) 

as shown in Figure 5. The projected warm days and warm 
nights  depicted an increase towards the end of century with 
substantial interannual variations (15-95 %). This warming 
was also observed by Ly et al. (2013) over West Africa from 
1960 to 2010. The general warming is greater in the extreme 
RCP8.5 scenario (with a maximum of 95%) than in RCP4.5 
(with a higher of 60%). 

The global increase in warm nights and warm days could lead 
to increase water losses through evaporation that reduce soil 
water content in this semi-arid region which depends highly 
on crop productivity. The higher evaporation rate will lead 
to more atmospheric water vapor which generate cloud by 
condensation; the increase of cloudiness will in turn increase 
also minimum temperature during nighttime  and decrease 
maximum temperature during daytime.  This general 
warming  confirms the work of Ly et al. (2012) and Sillmann 
et al. (2013) over West Africa. 

4. Discussion
The northern  basin  (Figure 2) is likely to experience the 
highest frequency of heavy rainfall (12 %) eventhough there is 
prolonged dry spells as found by Vizy and Cook (2012). This 
later findings was also pointed out by Klutse et al. (2015) over 
West Africa. The decrease of wet days and the increase of dry 
days can be due to limited moisture in this dry and hot region 
(Sahel). This limited moisture availability influences the local 
evaporation that is found to be the origin of about 27% of the 
precipitation over West Africa (Gong and Eltahir 1996).

Figure 2: Projected CWD, CDD and frequency of heavy rainfall 
above the 95th percentile 

Figure 3: (a) 10 years running standard deviation of maximum 
5-days total precipitation and (b) extreme wet days (99th percentile) 

Figure 4: Spatial Percent of (a) warm days, (b) warm nights and (c) 
their range 

Figure 5: Interannual Percent of (a) warm days, (b) warm nights and (c) 
their range 
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The spatial patterns of the projected climate change signals are 
similar between uncorrected and bias corrested data althought 
slight deviations exist in term of magnitude. Thus, rainfall is 
likley to dercerase towards the end of 21st century with a slight 
increase of extreme events.  The severe precipitation decline 
over the northern basin can be related to the weakness of the 
monsoonal flow which does not move far enough northward. 
This decrease is similar to that found by Laprise et al. (2013) 
over West Africa. The drastic decrease of wet days over the 
northern basin might be related to the strengthening of warm 
and dry air advection from the Sahara.
Therefore apart from the dampening effect of the bias correction 
on the largest 5-day precipitation total (Figure 3), accentuated 
decadal variability is projected in the coming decades. This 
could increase the uncertainty in potential flood risks because 
extreme hydrological events are usually preceded by several 
heavy rainfall events. These results show also that the radiative 
forcing that is related to the green house gases emission, have 
an important impact on the projected climate change signals. 
Addionally, the basin’s drying could be the result of the weakness 
of the monsoon due to more warming in global tropical oceans 
and particularly to the warming of the southern Atlantique that 
reduce the trade winds which transport moisture northward. The 
increase of extreme events over the region was suggested by 
Giannini et al. (2013) by using CMP3 and CMIP5 simulations.
The warming with uncorrected data seems to be higher than 
the warming of bias corrected data in all scenarios (Figure 5). 
This suggests the cooling effect on statistical post-processing 
on temperature. The warm range (Figure 5c) in RCP8.5 shows 
a decreasing range particularly in the three last decades of the 
century. With regards to the RCP4.5, there is no clear tendency of 
decreasing or increasing warm range although in some periods 
it increases (e.g 2056-2066) and seems to decrease from 2076 
to 2090. Moreover, the projected climate signals is not changed 
by the statistical bias correction technique.The faster increase of 
minimum temperature may be due to the higher effect of green 
house gases in absorbing infrared radiation during nights. 
It has to be mentioned that the bias correction has the potential 
to alter the projected patterns of extreme precipitation and 
temperature; this is not limited to this study or region but has 
been shown for other catchments, e.g. Hurkmans et al. (2010) 
have underlined an alteration of the spatial pattern of precipitation 
and temperature over the Rhine Basin due to bias correction. 
In general the bias correction does not alter considerably the 
projected sign of the signal as has been shown for other regions 
of the globe (Hagemann et al., 2011) and also conserved the 
larger scale spatial structure of the projected changes. 
5. Conclusion 
This study has been focused in the  future evolution of extreme 
precipitation and temperature by using uncorrected and bias 
corrected REMO simulations over the Senegal River Basin. 
More prolonged dry spells were found in combination with 
decreased length wet days for both data.  These findings indicate 
probable meteorological drought over the basin. Moreover, the 
basin is likely also to face more decadal variability in extremely 
wet days and accumulated 5-days precipitation, pronounced 
with uncorrected data with the extreme scenario. As for extreme 
temperatures, a general warming was well noticed. This warming 
has revealed that warm nights will increase more than warm 
days towards the end of  century which indicate that minimum 
temperature increase faster than maximum temperature. The 

results exhibited that the changes are more substantial with the 
intensification of the radiative forcing. The increase of dry days 
and the general warming will enhance more the drying of the 
basin and could have severe consequences on the economies 
of the basin’s population that is predominantly rural. As for the 
effect of the bias correction, it mainly affects the magnitude of the 
climate change signal rather than the direction of changes. Due to 
model uncertainty and post-processing technique uncertainty of 
model output, further climate modeloutputs and bias correction 
techniques are required.
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