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Abstract: Precipitation projections from regional climate models in West Africa are attributed with significant biases with
respect to the observed. This study aims at evaluating of six methods of precipitation bias correction on four RCM (CCLM,
CRCM, RACMO and REMO) outputs in the Ouémé basin. The bias correction methods used are classified into three namely:
the Delta approach, the Linear Scaling method and the quantile approaches. Corrected and uncorrected RCM precipitation data
were compared with the observed using Mean Absolute Error (MAE) and Root Mean Square error (RMSE). The findings
showed that raw outputs of regional climate models (RCMs) are characterized with several biases. In general, the models
overestimate precipitation. For daily precipitation correction, the quantile approaches assuming a gamma distribution for daily
precipitation were not able to reduce the biases of precipitation. The empirical quantile mapping and the adjusted quantile
mapping are the most effective in correcting the biases of daily precipitation. Thus the adjusted quantile mapping can be used
to correct biases of precipitation projections for modeling the future availability of water resources.
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and 1983-1985 [4] is a perfect illustration. Hydrological
models are one of the most powerful tools at our disposal to
assess climate change impact on water resources. However,
hydrological simulations of scenario projections require
adequate projected fields of meteorological forcing variables
such as precipitation. Several researchers demonstrated that
raw output from regional climate models (RCMs) cannot be
used directly as input for impact models because of
systematic bias [4-8]. These errors originate from different
sources like (1) errors transferred from GCMs to RCMs
(boundary problem), (2) insufficiently resolved surface
properties (like orography) and (3) errors due to numeric
resolutions and parameterization [9-13]. The RCMs errors
also depend on simulated variables and may be large for

1. Introduction

Managing future fresh water resources under a changing
climate with vastly uncertain future atmospheric greenhouse
gas emissions is a daunting challenge facing human society
today. Several studies on climate change impacts have shown
that water resources are impacted in all investigated areas [1-
3]. These changes have effect on critical sectors such as
water supply, agriculture, energy and others in many regions
around the world especially in West Africa where agriculture
is mainly rain-fed. The decreasing rainfall and devastating
droughts in the Sahel region (West Africa) during the last
decades of the 20th century with peaks between 1972-1974
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precipitation due to its highly nonlinear nature and large
spatial variability, making them highly dependent on model
resolution [12].

In order to enhance climate models resolution to desired
scales (grid versus local scale) and accuracy (model biases),
different bias correction approaches are developed to reduce
these errors; an overview can be found in ThemeB]l et al. [13].
One bias correction method commonly used in climate
change impact studies is the “delta change approach”, also
called perturbation method [12, 14, 15]. This method
generates climate scenarios by adding the climate change
signal from a RCM simulation to daily or monthly
observations. It’s widely used in many climate change impact
studies [8, 16-18]. Besides the delta approach, other authors
used quantile mapping or histogram equalization, by fitting a
probability density function (PDF) or cumulative distribution
function to the modeled and observed data [5, 7, 13, 16-20].
The applicability of these bias correction methods, ranging
from the simple scaling approach to sophisticated distribution
mapping [21], has not been investigated in Ouémé basin.
Therefore, evaluating and finding the appropriate bias
correction method is necessary to evaluate the impact of
climate change on water resources; in order to bridge this
gap.

This study evaluates performances of six precipitation bias
correction methods applied to four RCM simulations in
catchment of the Ouémé basin. These bias correction
methods include the most frequently used bias correction
approaches.

The rest of paper is structured as thus: Section 2 introduces

the study area and data; Section 3 describes the bias
correction methods for precipitation and intercomparison of
parameters; Section 4 presents results and discussion,
followed by conclusions in Section 5.

2. Materials and Methods
2.1. Study Area

The present study focuses on Ouémé river basin at the
outlet of Bonou (Figure 1). This basin is located between the
latitudes 7°58' North to 10°12' North and longitudes 1°30'
East to 3°05° East and covers an area of 49,256 km”. The
rainfall, which is mainly controlled by the atmospheric
circulation of two air masses and their seasonal movement
(the Harmattan and the monsoon), is characterized by two
types of rainfall regimes, from the bimodal rainfall regime in
the south to unimodal in the north. The annual rainfall
average is 1200 mm/year from 1960 to 2013 in the northern
of basin and is close to the value estimated by Lawin et al.
[22] over the period 1954 to 2005. For the southern part of
basin, this annual mean is 1275 mm/year. The average
discharge of the main watercourse of this basin is
approximately 50 m’/second at Bétérou hydrometric station
from 1960 to 2013 and 190.75m"/second at Bonou station for
the same period. The relief is characterized by the altitudes
which vary from 273 to 480 meters and the slope is
0.5meter/kilometer. Form factor of the basin is evaluated at
1.37 meanwhile the drainage density is equal to 0.12
kilometer/Kilometer’[23]
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Figure 1. Catchment of the Ouémé river basin.
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2.2. Data

Daily precipitation amount from four regional climate
models was used for this study. These models are
REMO2009, RACMO22T, CRCMS5 and CCLM4 as
presented in Table 1. Data of REMO2009, RACMO22T,
CRCMS5 and CCLM4 are available in the context of the
Coordinated Regional Climate Downscaling Experiment
(CORDEX) over Africa at 0.44° resolution for the period
1950 to 2100 [24] and it has already been used over Africa
[3, 8, 17, 25-28]. Only REMO data are usually used in
impact studies at Ouémé basin [29]. The last three RCMs
were chosen to test their ability to reproduce the rainfall

cycle in Ouémé basin for future impact studies. We used
these RCM predictions following the most extreme IPCC
scenario RCP8.5 (except CRCMS5 which wasn’t run for
RCPS8.5 scenario over Africa) and the mean RCP4.5 available
for the period 2006-2100 in CORDEX database and the
historical data of these models for 1960-2005 period. All
these data are available in the CORDEX database online
(http://www.cordex.org).

The observed daily rainfall used in this study are provided
by the National Meteorology Agency of Benin (Météo Bénin)
for the period 1960-2013 for eighteen rain gauges spatially
located as shown in figure 1.

Table 1. List of Regional Climate Models used.

Model Name  Institute Driving Model
CCLM4-8-17  Climate Limited-area Modelling Community (CLM-Community) MPI-M-MPI-ESM-LR
REMO2009 Helmholtz-Zentrum Geesthacht, Climate Service Center, Max Planck Institute for Meteorology MPI-M-MPI-ESM-LR
RACMO22T  Royal Netherlands Meteorological Institute, De Bilt, The Netherlands ICHEC-EC-EARTH
CRCM5 Universite du Quebec a Montreal CCCma-CanESM2

Since RCM output of the given grid is the spatial mean in
this grid; for each rainfall gauge point, we extracted the RCM
dataset of the grid containing this point.

2.3. Bias Correction Methods

2.3.1. Delta Method

The first bias correction method used in this study is the
delta approach (simply called Delta in following text). This
conventional way to construct precipitation time series for a
future climate is to perturb an observed data series with a
projected future climate change[30, 31]. The long-term mean
changes are calculated and added to the observation records.
This method is sometimes referred to as the direct method in
the scientific literature. The method was applied in two steps.
First we corrected the data of reference period (calibration
period) which is from 1960 to 1993. For this period, the delta
approach is defined as:
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Pcor,d _Pref,d (1)
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where P, , is corrected precipitation of the d" day for

reference period, P, , the uncorrected corresponding data;

P
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and simulated data for calibration period.

The second step is the method validation. We tested it on
period from 1994 to 2005 using the following approach.
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the uncorrected corresponding data.

These two steps constitute the delta approach such as

defined by Déqué [14]. The delta method removes biases in
the mean but not the coefficient of variance of the modeled
precipitation [32]. The variance in future climate is kept the
same as under present climate, which will likely not be true
[33]. For the following text, 1960 to 1993 is referred to as the
calibration period and 1994-2005 is the validation period.

2.3.2. Linear Scaling Approach

The linear scaling method (simply called Scaling) aims to
perfectly match the mean of corrected values with that of
observed ones [18, 32]. Precipitation is typically corrected
with a multiplier term on a monthly basis. This approach is
defined as follows [18]:

- })ab.\',m
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raw,m,d
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Where P, , and P,

ra

wma are corrected and uncorrected

precipitation on the d" day of m" month. P,  and P

are the mean values of daily observed and simulated data of
m™ month for calibration period. For validation period, the

obs,m

rate of calibration period is conserved.

raw,m

2.3.3. Quantile Mapping Methods

We evaluated four variants of the quantile matching to
correct the daily precipitation of the RCMs output. The
quantile matching adjusts all moments of the probability
distribution function (PDF) of any variable of the model [5-
7] by using the PDF of observations, integrating both PDFs
to cumulative distribution functions (CDFs) and construct a
transfer function. This transfer function translates the raw
model output into corrected output. After the correction, the
CDF of the model should be equal to the observed one [7].

The reference method uses empirical distribution functions
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[7, 14, 34] and is hence referred to as empirical quantile
mapping (EQM). This method is expected to produce the best
correction but depends on many degrees of freedom and may
not be stationary due to possible overfitting [7]. However, for
climate change applications, it is assumed that the transfer
function stays constant with time [5], which is not a trivial
assumption[35]. This classical quantile matching method is
constructed as follows:

y = F (Frey (x)) )

where ) is the corrected precipitation value, x the value of

-1

the precipitation to be corrected, £, is the inverse of the

CDF of the observations and accordingly F,.,, is the CDF of
the RCM used. The probability of observing x millimeter per
day (or less) in the RCM is thus transferred to the quantile of
the observed CDF, matching exactly this probability.

The application of the quantile—quantile transformation is
more flexible than the previous methods and it’s a procedure
that has been widely used for correcting biases in the
simulated meteorological variables [14, 36, 37]. Within this
context, a new quantile—quantile calibration method based on
a nonparametric function that amends mean, variability, and
shape errors in the simulated cumulative distribution
functions (CDFs) of the climatic variables has been
developed by Amengual et al. [38]. The procedure consists of
calculating the changes, quantile by quantile, in the CDFs of
daily RCM outputs between a x-year control period and
successive x-year future time slices. These changes are
rescaled based on the observed CDF for the same control
period, and then added, quantile by quantile, to these
observations to obtain new calibrated future CDFs that
convey the climate change signal. The choice of x value
depends on the length of the observation datasets available;
but the x-year chosen must have a climatological meaning
[38]. In this study, we chose the 15-years periods due to the
temporal limitation of the observed database of reference
period (33 years) and also to be in accordance with these
authors.

The statistical adjustment can be written as the following
relationship between the i™ ranked value P (projected or

future calibrated), O, (control observed or baseline), S, (raw
control simulated), and S, (raw future simulated) of the

corresponding CDFs. This is just a summary of the method
called here AQM (Adjusted Quantile Mapping), all detail can
be found in Amengual et al. [38].
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Amengual et al. [38] proposed IQR‘O (interquartile range
of the observed data) and IQR‘S( (interquartile range of the

raw control simulated data) as surrogates of the population
variability. /QR 1is the parametric difference between the
75th (P75) and 25th (P25) percentiles for all the variables,
except for the precipitation for which they proposed to use
the 90th (P90) and 10th (P10) percentiles owing to the highly
asymmetrical gamma-type distribution of this variable, with a
high proportion of non-rainy days. Factor g modulates the
variation in the mean state A, while f calibrates the change
in variability and shape expressed by A", .

Other ways to use the quantile-quantile transformation to
correct the bias of RCMs data is to replace the empirical
CDFs with a parametric distribution. The gamma distribution
is commonly used for representing the PDF of precipitation
[5, 7, 33] and depends only on two parameters. However, the
gamma distribution does not represent daily precipitation for
every region adequately as shown by Vicek and Radan [39]
for some parts of Europe. Since this study aims to compare
the bias correction methods, we did not test it, but, we
assumed that the daily precipitation distribution can be
represented by gamma distribution. This method will be
called GQM. The gamma distribution is defined as:

o[ -75) o
r(a)B

Where [ as the scale parameter, o as the shape parameter

(11)

f(x)=

and [ as the gamma function. The gamma distribution is not
defined for x = 0 mm/day. Therefore, the correction process
will be a dual step [7, 19]. First, the number of dry days is
corrected by optimizing a threshold value s, that means all
values smaller than this threshold are set to zero. Afterwards,
these fitted PDFs are integrated and the resulting CDFs are
used to replace the empirical CDFs in equation (7).

The last quantile method used replaces the empirical PDFs
(or CDFs) by a combination of a gamma distribution and a
GPD (Generalized Pareto distribution). This method is
referred to GPQM in the following text. The gamma Pareto
distribution is a heavy-tailed extreme value distribution [7],
and is defined as follows:
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1—(1+£—~x],si EZ£0
g

P(X—sSx|X>s):
l—exp[—gj,si £=0

(12)

with s as the threshold, d=0+&(s—4) as the re-

parameterized scale parameter and & as the shape parameter.
As a first step, the same threshold s, used for dry days

correction in GQM is applied here to correct the dry days [7].
Second, for the threshold s , we use the 95th percentile as
proposed by Yang et al. [33] and used by Gutjhar et al. [7].
This means that values smaller than the 95th percentile are
assumed to follow a gamma distribution, whereas values
larger than this threshold are assumed to follow a general
Pareto distribution:

y - E);zlv,gamma (FRCM,gamma (x)) 5lf X< x95 (13)
F:;;i,GPD (FRCM,GPD (x)),lf X 2 Xys

where y is the corrected precipitation value, xthe value to

be corrected for the precipitation.

So, we have four parameters to estimate: scale (B) and
shape (o) parameters for the gamma distribution and scale (o)
and shape (&) parameters for the GPD for observations and

Bassila Bembeéréké

15 20

the RCM model used, respectively. Added to the threshold s ,
there are five parameters to be estimated.

In order to apprehend a potential distortion of the RCM’s
temporal structure by the bias correction methods used, we
regard, the root mean square error (RMSE), the mean
absolute error (MAE), the mean (p), the 90th percentile
(P90), the probability of wet day (P) and the standard
deviation (o) of corrected and uncorrected time series from
RCM simulations. Both the root mean square error (RMSE)
and the mean absolute error (MAE) are regularly employed
in model evaluation studies. Willmott and Matsuura [40]
have suggested that the RMSE 1is not a good indicator of
average model performance and might be a misleading
indicator of average error and thus the MAE would be a
better metric for that purpose. Chai et al. [41] demonstrated
that the RMSE is not ambiguous in its meaning, contrary to
what was claimed by Willmott and Matsuura[40]. So, there is
no consensus on the most appropriate metric for model
errors. To avoid all ambiguities we compared the methods
performance using the two parameters.

3. Results
3.1. Ability of RCMs to Reproduce Past Rainfall

The figure 2 shows the annual rainfall cycle of
observations and raw simulations of the four RCMs for the
eighteen stations used in this study.

Bétérou
20

10

10

Rainfall (mm/day) Rainfall (mm/day)

Rainfall (mm/day)

N
o

2 4 6 8 10 12
Birni

20

0
2 4 6 8 10 12

Bohicon

0

20

2 4 6 8 10 12
Djougou

2 4 6 8 10 12
Ina

10

20

==\

2 4 6 8 10 12
Kouandé

10
0

20

2 4 6 8 10 12
Natitingou

2 4 6 8 10 12
Okpara

10

==
PR

2 4 6 8 10 12
Parakou

10
0

2 4 6 8 10 12
Pobe

2 4 6 8 10 12
Savalou

20
10

20

0
2 4 6 8 10 12

Saw

20
10

20

0
2 4 6 8 10 12

Tchaourou

=N

2 4 6 8 10 12
Zagnanado

10

20

I

2 4 6 8 10 12
Bonou

10

20

2 4 6 8 10 12
Kétou

10

10

2 4 6 8 10 12
Months of year

OBS

REMO CCLM

2 4 6 8 10 12
Months of year

CRCM

2 4 6 8 10 12
Months of year

RACMO

Figure 2. Rainfall intensity observed (black) and predicted by the RCMs REMO (red), RACMO (cyan), CRCM (blue) and CCLM (green) for the period 1960-

2005 over the Ouémé river basin.

The RCMs ability to reproduce precipitations cycle
depends on the gauge station. The RCMs CRCM and REMO
overestimate precipitation amount in the basin. The
overvaluation is very large between June and September,
moment of heavy rain in the northern parts of the basin.
Despite this overestimation of precipitation, these two RCMs

have a good capacity to reproduce the shape of the observed
annual precipitation cycle. Indeed, the unimodal character of
annual cycle of precipitation in most stations of the basin was
kept by REMO and CRCM. It could be noted that the period
of extreme precipitation (from July to September) is also
preserved by these RCMs for these stations which are
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situated in the northern parts of the basin. As for RACMO
and CCLM, these models underestimate the rainfall amount
in most stations where the rainfall is characterized by
unimodal regime. In these stations (Bassila, Bemberéke,
Birni, Djougou, Ina, Kouandé, Natitingou, Parakou), the
underestimation exacerbate between June and September in
opposite of REMO and CRCM. However, RACMO and
CCLM models reproduce the shape of seasonal cycle of
precipitation in the southern parts of the basin which is
characterized by bimodal seasonal cycle of precipitation.

In spite of these inabilities to reproduce well the past
rainfall amount of precipitation, the models REMO,
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RACMO, CRCM and CCLM simulate well in general the
annual cycle of precipitation. So, the rainfall predicted by
these models can be used for the impact studies, of course,
after improvement of the data by the bias correction methods.

3.2. Evaluation of Bias Correction Methods

Figures 3 and 4 show the bias correction methods
performances based on MAE and RMSE parameters for
calibration and validation periods for each RCM model. The
stations are numerated in the same order as in figure 2.
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Figure 3. Performance of bias correction based on MAE.

The performance of a given method to reduce the bias depends on the rainfall gauge station and the RCM considered. At the
daily scale, Delta, Scaling, EQM, AQM reduce the bias of REMO, CRCM, CCLM and RACMO models. But, GQM and

GPQM deteriorate the quality of RCMs raw data.
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Figure 4. Performance of bias correction based on RMSE for the eighteen (18) stations.



The performances of the methods in calibration and
validation are practically the same. That is due to the length
of calibration period (34 years against 12 years for
validation) making the bias correction transfer functions of
this period very representative of the study period (1960-
2005). In this context, we showed the rainfall cycle only for
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the validation period. In most stations, the Adjusted Quantile
Mapping (AQM) best reduce the biases than others methods.

Figures 5, 6, 7 and 8 show the cycle of observed
precipitation, uncorrected and corrected precipitation for
REMO, CCLM, CRCM and RACMO regional climate
models respectively for the validation period.

Figure 5. Rainfall intensity for validation period 1994-2005 as observed (black) and simulated raw(red) by REMO and corrected using Delta approach
(vellow), Scaling(blue), AOM (green), EOM(cyan) GOM(magenta) and GPOM ( blue dash) for heighten stations in Ouémé catchment.

For REMO data bias correction, except the station of Bassila, Kouandé¢ and Parakou where EQM has a successful bias
correction; in most stations, AQM outperform other methods for correcting the bias of the four RCMs used. These three
stations are situated in the northern parts of the basin where there is unimodal rainfall cycle that is well kept by REMO

simulation.
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Figure 6. Rainfall intensity for validation period 1994-2005 as observed (black) and simulated raw(red) by CCLM and corrected using Delta approach
(vellow), Scaling(blue), AOM (green), EQM(cyan), GOM(magenta) and GPOM (blue dash) for heighten stations in Ouémé catchment.
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There is no station where AQM doesn’t outperform the other bias correction methods used for CCLM data correction. The
rainfall cycle predicted by CCLM is bimodal in all the evaluated stations of the basin contrary to REMO. In this context, due to
its flexibility, AQM reduce the bias of the raw data.
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Figure 7. Rainfall intensity for validation period 1994-2005 as observed (black) and simulated raw(red) by CRCM and corrected using Delta approach
(vellow), Scaling(blue), AOM (green), EQM(cyan) GOM(magenta) and GPOM ( blue dash) for heighten stations in Ouémé catchment.

As the REMO model, CRCM predicted a unimodal rainfall cycle for all the stations. EQM performs well in few stations, but
in general AQM has a successful bias correction. Scaling method has similar performance with the EQM.
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Figure 8. Rainfall intensity for validation period 1994-2005 as observed (black) and simulated raw(red) by RACMO and corrected using Delta approach
(vellow), Scaling(blue), AOM (green), EQM(cyan) GOM(magenta) and GPOM ( blue dash) for heighten stations in Ouémé catchment.

For the four RCMs raw precipitation used, GQM and
GPQM which use gamma distribution for the
precipitation distribution don’t perform up to the quality of

daily

the raw outputs of the models (figures 3 and 4).
All the bias correction methods, except GQM and GPQM,
improve the raw RCM-simulated precipitation; however,
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there are some differences in their corrected statistics.
Contrary to other methods, GQM and GPQM heighten the
precipitation amount predicted by the RCMs which are
already overestimated comparatively to the observed

precipitation. This GQM and GPQM inability to correct the
RCMs simulations means that the gamma distribution, which
is the basis of these two methods, does not represent daily
precipitation for the basin.

Table 2. Range of mean comparison parameters of bias correction methods for precipitation; the table presents the mean of each type of parameter.

n P90 Puet [ n P90 Puet G
Obs 3.26 10.47 0.29 9.61 Obs 3.26 10.47 0.29 9.61
Raw 3.88 12.01 0.5 11.53 Raw 3.18 13.35 0.45 9.49
Delta 3.27 10.48 0.24 9.64 Delta 3.27 10.48 0.24 9.64
Scaling 3.26 9.22 0.49 8.96 Scaling 3.26 9.22 0.44 7.29
REMO EQM 3.34 10.46 0.25 10.79 CCLM EQM 3.26 10.47 0.25 9.6
AQM 3.25 10.47 0.24 9.53 AQM 3.26 10.47 0.24 9.6
GQM 3.36 7.35 0.25 15.99 GQM 3.34 7.83 0.25 12.48
GPQM 3.92 10.48 0.25 11.99 GPQM 3.73 10.01 0.25 11.73
Raw 2.87 8.28 0.5 10.1 Raw 348 9.04 0.73 8.76
Delta 3.27 10.48 0.24 9.64 Delta 3.27 10.5 0.24 12.12
Scaling 3.26 9.22 0.5 9.83 Scaling 3.26 9.22 0.72 7.81
RACMO EQM 3.33 10.46 0.25 10.63 CRCM EQM 3.33 10.49 0.25 11.78
AQM 3.25 10.47 0.24 9.48 AQM 3.24 10.48 0.24 11.92
GQM 3.36 6.38 0.25 18.53 GQM 344 7.57 0.25 24.14
GPQM 391 9.9 0.25 12.21 GPQM 4.45 13.17 0.25 18.79

Delta, Scaling, EQM and AQM approaches reduce the bias
of raw simulated data for the four RCMs used in the study.
All these methods correct adequately the extreme values
especially the 90th percentile (table 2). The number of dry
days was also reduced for the four RCMs by all bias
correction methods. Comparing MAE and RSME (Figures 3
and 4), we have showed that the Scaling approach is also
adapted to correct the biases of the RCMs simulated
precipitation. However, this approach doesn’t adequately
reduce the biases of the peak of precipitation. Also, it doesn’t
reduce the number of dry days. For all RCMs used, the

quantile approaches AQM and EQM give the good correction
of peak values, especially the 90th percentile. These methods
adequately correct the high variability of the raw simulated
data.

3.3. Future Rainfall Predicted Trends

Using AQM method, we corrected the projections data of
each model for the period 2006-2100. Figures 9, 10, 11 and
12 show the trends of precipitation for the two chosen IPCC
scenarios RCP4.5 and RCPS.5.
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Figure 9. Annual precipitation trend for the period 2006-2100 as predicted by REMO in the basin.
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Despite that it’s difficult to predict the real trend of precipitation (IPCC, 2014), the results show that the end of 21* century
will be characterized by a slight increase of precipitation mostly for IPCC scenario RCP4.5 according to the models REMO
(figure 9), and RACMO (figure 12).
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Figure 10. Annual precipitation trend for the period 2006-2100 as predicted by CCLM in the basin.

For the CCLM model, the end of 21* century would be characterized with decrease in rainfall in most stations in basin.
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Figure 11. Annual precipitation trend for the period 2006-2100 as predicted by CRCM in the basin.
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CRCM model is not run for RCP8.5 scenario for Africa. There is an ambiguity on the real trend of precipitation in the basin.
In the southern parts of basin, no significant trend is noted. But in the north of the basin, CRCM scenario RCP4.5 predicts a

slight decrease of precipitation at the end of 21* century.

. Bassila Bembéréke Bétérou
£ 1500 2000 1500
= LR E S SRS
s \”/\I _ 1000 | "™ 1000
[
‘T 1000 0 500
22 1950 2000 2050 2100 1950 2000 2050 2100 1950 2000 2050 2100
. Birni Bohicon Djougou
£ 2000 2000 N 2000
g Amits o _— e st ayesiivans
T 1000 Nyt 1000| SR 500
£ W
Iy] 0 0 1000
x 1950 2000 2050 2100 1950 2000 2050 2100 1950 2000 2050 2100
Ina Kouandé Natitingou
2000 2000 2000
1000| “wea i) ) | BRI 1500 "\V,,_.%'"‘",a'«‘"‘ww;f*
0 0 1000
1950 2000 2050 2100 1950 2000 2050 2100 1950 2000 2050 2100
. Parakou Pobé
£ 1500 2000 2000
\E/ Tammnzg” TTar s ity
= 1500 1000} VW
c
‘T 1000 1000 0
x 1950 2000 2050 2100 1950 2000 2050 2100 1950

2000 2050 2100

Savalou Sawe Tchaourou
2000 - 2000 — 2000
- P ogen e LTI L anngnates e et
1000| " RS 000 | S E 00| NSRS
0 0 0
1950 2000 2050 2100 1950 2000 2050 2100 1950 2000 2050 2100
. Zagnanado Bonou Kétou
€ 2000 - 2000 2000
é AL S e . w"'-v'!:,vn':::: oy e nan TSN e 0]
T 1000| e 1500 T 1000 N
c ey Tt
T 0 1000 .-V 0
o 1950 2000 2050 2100 1950 2000 2050 2100 1950 2000 2050 2100
Obs =ssseeeee RCP4.5-raw -==see= RCP8.5-raw RCP4.5-cor RCP8.5-cor

Figure 12. Annual precipitation trend for the period 2006-2100 as predicted by RACMO in the basin.

4. Discussion

The bias is defined as long term average difference
between model and observation [20]. Bias correction was
done on RCM-simulated precipitation at eighteen stations.
The models behavior in simulating the climate variables
naturally depends on location of evaluated stations in the
basin. The correction methods which assumes that daily
precipitation is distributed following a gamma distribution
(GQM and GPQM), failed to correct the daily precipitation
amount during months of heavy downpours (June to
September). It means that the gamma distribution does not
represent daily precipitation in our study area. This was
already shown by Vléek and Radan [39] who proved that the
gamma distribution doesn’t represent adequately the daily
precipitation of every region of Europa and this distribution
is more frequently accepted in spring and summer than in
winter and autumn.

The linear scaling (simply called Scaling in this paper)
approach used to reduce the biases of precipitation, has a
correct estimation of mean but a slight underestimation of
the 90th percentile and standard deviation. It also doesn’t

well reduce the number of wet days. The overestimation of
the low precipitation has already been shown by Fang ef al.
[18] indicating that the linear scaling method has a very
limited ability in reproducing dry day precipitation. The
results of this study confirm the study of Teutschbein and
Seibert [21]; which reveals that the linear scaling method
does not adjust the standard deviation and the percentiles.
That means the scaling approach is not good at correcting
the RCMs outputs.

The Delta method overestimates the number of the dry
days, but removes the bias of precipitation in the mean. This
method’s ability to correct the mean of precipitation has been
proved by Lenderink et al. [32] and Wetterall et al. [16].

The last two methods used for correction of daily
precipitation are EQM and AQM quantile methods. These
methods are very good at reducing the biases of daily
precipitation simulated by the four RCMs used. AQM and
EQM have corrected well the daily precipitation. These
quantile methods reduce the number of wet days and confirm
the findings of Theme Bl ef al. [13], who justified that the
quantile mapping corrects the frequency of dry days
adequately. The extremes values (P90 for precipitation) are
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also well corrected. This ability to correct biases of
precipitation is due to the flexibility of the quantile mapping
approach used, which were originally designed for the daily
precipitation [13]. The bias correction is likely to remove the
known drizzle error [42] and reduce the precipitation bias of
the RCM. Thus, the quantile methods AQM and EQM seem
solve better these issues than other methods tested in this
study.

After the bias correction, the probability of detecting a
climate change signal is reduced since the signal is reduced
after the correction, but the variability remains [7].
However, using the quantile method AQM corrected data,
the increasing trend of rainfall was shown and it’s in line
with IPCC [43] finding which state precipitation increasing
for the end of the 21st century. These results also confirm
those results obtained by Kaboré et al. [8] who also found
an increasing trend of annual rainfall amounts of future
models with the period from 2006 to 2050. CCLM shows
reduction in precipitation at the end of the century in the
whole basin. This finding is consistent with Dosio and
Panitz[44] who, using CCLM has predicted a significant
reduction of precipitation at the end of the century in West
Africa.

5. Conclusion

We evaluated the ability of six daily precipitation bias
correction methods in reducing the biases of four regional
climate models outputs. Except GQM and GPQM, the
remaining methods reduce the bias of raw data provided by
the RCMs used. Inability of GQM and GPQM methods is
likely due to the gamma approach, basis of these methods.
Delta approach remains powerful to remove the bias of
precipitation in the mean but it overestimates the number of
dry days. The linear scaling adequately reduces the biases
of daily precipitation; however it overestimates the number
of wet days. Ability of quantile methods AQM and EQM to
correct the biases of daily precipitation has been
established. Based on the common parameters MAE,
RSME, mean and extreme values (90" percentiles), AQM
and EQM are excellent at reducing the biases of
precipitation. However, the AQM method corrects better
than EQM; making it the most recommended method for
correcting the bias of RCMs outputs in the climate change
context for impact studies which are often conducted at
local scale. Further studies should evaluate influence of bias
correction of RCM precipitation data on projected runoff at
Ouémé basin.

Acknowledgments

This study was funded by the Netherlands Initiative for
Capacity building in Higher Education (NICHE) through the
National Water Institute of the University of Abomey-Calavi.
We thank the ESGF grid (http://esg-dnl.nsc.liu.se/esgf-web-
fe/) that provided the CORDEX-Africa future climate
projections.

References

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(9]

[10]

[11]

[12]

Ibrahim, B., Caractérisation des saisons de pluies au Burkina
Faso dans un contexte de changement climatique et évaluation
des impacts hydrologiques sur le bassin du Nakanbé.. Thése
de doctorat, 2IE, 2012.

Hagemann, S., Chen, C., Clark, D., Folwell, S., Gosling, S.,
Haddeland, 1., Hanasaki, N., Heinke, J., Ludwig, F., Voss, F. &
Wiltshire, A. J. 2013. Climate change impact on available
water resources obtained using multiple global climate and
hydrology models.. Earth Syst. Dyn., 4:, 129-144.

Mbaye, M. L., Haensler, A., Hagemann, S., Gaye, A. T,
Moseley, C. and Afouda, A., Impact of statistical bias
correction on the projected climate change signals of the
regional climate model REMO over the Senegal River
Basin.Int.J. Climatol., 2015.

Lawin, A. E., Analyse climatologique et statistique du régime
pluviométrique de la haute vallée de I'Ouémé a partir des
données pluvigraphiques AMMA-CATCH Bénin. These de
doctorat, Institut Polytechnique de Grenoble., 2007.

Piani, C., J. O. Haerter, and E. Coppola, Statistical bias
correction for daily precipitation in regional climate models
over Europe.. Theor. Appl. Climatol.,, 2010. 99: p. 187-192.

Hagemann, S., et al., Impact of a statistical bias correction on
the projected hydrological changes obtained from three GCMs
and two hydrology models.. J. Hydrometeorol., 2011. 12: p.
556-578.

Gutjahr, O. and G. Heinemann Comparing precipitation bias
correction methods for high-resolution regional climate
simulations using COSMO-CLM. Effects on extreme values
and climate change signal. Theor Appl Climatol 2013. 114: p.
511-529.

Kaboré, E., Nikiema, M., Ibrahim, B. and Helmschrot, J.,
Merging historical data records with MPI-ESM-LR,
CanESM2, AFR MPI and AFR 44 scenarios to assess long-
term climate trends for the Massili Basin in central Burkina
Faso. International Journal of Current Engineering and
Technology 2015.

Fowler, H. J. and M. Ekstrom, Multi-model ensemble
estimates of climate change impacts on UK seasonal
precipitation extremes. Int. J. Climatol., 2009. 29: p. 385-416.

Maraun, D., Wetterhall, F., Ireson, A. M., Chandler, R. E.,
Kendon, E. J., Widmann, M., Brienen, S., Rust, H. W., Sauter,
T., Themessl, M., Venema, V. K. C., Chun, K. P., Goodess, C.
M., Jones, R. G., Onof, C., Vrac, M. and 1., Thiele-Eich.,
Precipitation downscaling under climate change. Recent
developments to bridge the gap between dynamical models
and the end user. Rev. Geophys., 2010. 48, RG3003.

Frei, C., Christensen, J. H., Déqué, M., Jacob, D., Jones, R. G.
and P. L., Vidale, Daily precipitation statistics in regional
climate models: evaluation and intercomparison for the
European Alps. Journal of Geophysical Research 2003. 108
(D3): 4124.

Fowler, H. J., S. Blenkinsop, and C. Tebaldi Linking climate
change modelling to impacts studies: recent advances in
downscaling techniques for hydrological modelling.. Int. J.
Climatol., 2007. 27: p. 1547-1578.



[13]

[14]

(18]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

Hydrology 2016; 4(6): 58-71 70

ThemeBl, M. J., A. Gobiet, and G. Heinrich, Empirical-statistical
downscaling and error correction of regional climate models and
its impact on the climate change signal.. Climatic Change 2011.

Déqué, M., Frequency of precipitation and temperature
extremes over France in an anthropogenic scenario: Model
results and statistical correction according to observed values..
Global and Planetary Change 2007. 57 p. 16-26.

Graham, L. P., J. Andréasson, and B. Carlsson An ensemble of
regional climate models, model scales and linking methods - a
case study on the lule river basin.. Climatic Change, 2005.

Wetterhall, F., Conditioning model output statistics of regional
climate model precipitation on circulation patterns. No2012.
Nonlin. Processes Geophys., 2012. 19: p. 623—633.

Sarr, M.., Seidou, O., Tramblay, Y. and EL Adlouni, S,
Comparison of downscaling methods for mean and extreme
precipitation in Senegal.. Journal of Hydrology: Regional
Studies 4 (2015) 2015: p. 369-385.

Fang, G.., Yang, J., Chen, Y. N. and Zammit, C, Comparing
bias correction methods in downscaling meteorological
variables for a hydrologic impact study in an arid area in
China.. Published in Hydrol. Earth Syst. Sci., 2015: p. 2547—
2559.

Piani, C., Weedon, G. P., Best, M., Gomes, S. M., Viterbo, P.,
Hageman, S. & Haerter, J. O., Statistical bias correction of
global simulated daily precipitation and temperature for the
application of hydrological models.. Journal of Hydrology
2010. 395 (2010) p. 199-215.

Wilcke, R., T. Mendlik, and A. Gobiet, Multi-variable error
correction of regional climate Models. Climatic Change
2013(120): p. 871-887.

Teutschbein, C. and J. Seibert, Bias correction of regional
climate model simulations for hydrological climate-change
impact studies: Review and evaluation of different methods
Journal of Hydrology, 2012. 456: p. 12-29.

Lawin, E. A., Afouda, A., Oguntundé, P. G., Lebel, T. and
Gosset, M., Rainfall Variability at Regional and Local Scales
in the Ouémé Upper Valley in Bénin. International Journal of
Science and Advanced Technology., 2012. 2 (6): p. 46-55.

Zannou, A. B. Y., Analyse et Modélisation du Cycle
Hydrologique Continental pour la Gestion Intégrée des
Ressources en Eau au Bénin: Cas du Bassin de ’Ouémé a
Bétérou, in Chaire Internationale en Physique Mathématique
et Applications (CIPMA - Chaire UNESCO). 2011, University
of Abomey-Calavi, p. 356.

Giorgi, F., C. Jones, and G. Asrar, Addressing climate
information needs at the regional level: the CORDEX
framework. World Meteorol.. Org. Bull., 2009. 58: p. 175—
183.

Haensler, A., S. Hagemann, and D. Jacob, The role of
simulation setup in a long-term high resolution climate change
projection for southern African region. Theor. Appl. Climatol.,
2011. 106: p. 153-169.

Haensler, A., F. Saced, and D. Jacob, Assessing the robustness
of projected precipitation changes over central Africa on the
basis of a multitude of global and regional climate projections.
Clim. Change 2013. 121: p. 349-363.

Nikulin, G., Jones, C., Giorgi, F., Asrar, G., Cerezo-Mota, M.,

(28]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Christensen, O. B., Déqué, M., Fernandez, J., Hénsler, A.,
Meijgaard, E. V., Patrick Samuelsson, P., Sylla, M. B. and
Sushama, L., Precipitation climatology in an ensemble of
CORDEX-Africa regional climate simulations. J. Clim., 2012.
25: p. 6057-6078.

Mbaye, M. L., Hagemann, S., Haensler, A., Gaye, A. T. &
Afouda, A., Assessment of Climate Change Impact on Water
Resources in the Upper Senegal Basin(West Africa) American
Journal of Climate Change 2015(77-93).

Giertz, S., B. Hollermann, and B. Diekkriiger, An
interdisciplinary scenario analysis to assess the water
availability and water consumption in the Upper Ouémé
catchment in Benin. Adv. Geosci., 2006. 9: p. 3—13.

Lettenmaier, D. P. and T. Y. Gan Hydrologic sensitivities of
the Sacramento-San Joaquin River Basin, California, to global
warming.. Water Resources Research, 1990. 26: p. 69-86.

Middelkoop, H., Daamen, K., Gellens, D., Grabs, W.,
Kwadijk, J. C., Lang, H., Parmet, B. W., Schidler, B., Schulla,
J. and K., Wilke, Impact of climate change on hydrological
regimes and water resources management in the Rhine basin.
Climatic change, 2001. 49: p. 105-128.

Lenderink, G., A. Buishand, and W. Van Deursen Estimates of
future discharges of the river Rhine using two scenario
methodologies: direct versus delta approach. Hydrology and
Earth System Sciences Discussions, European Geosciences
Union, 2007. 11: p. 1145-1159.

Yang, W., Andréasson, J., Graham, L. P., Olsson, J., Rosberg,
J. & Wetterhall, F, Distribution-based scaling to improve
usability of regional climate model projections for
hydrological climate change impacts studies.. Hydrology
Research 2010.

Rajczak, J., Kotlarski, S., Salzmann, N. & Schir, C, Robust
climate scenarios for sites with sparse observations: a two-step
bias correction approach. Int. J. Climatol., 2016. 36: p. 1226—
1243.

Trenberth, K. E., Dai, A., Rasmussen, R. M. & Parsons, D. B.,
The changing character of precipitation.. Bull Am Meteorol
Soc 84:1205-1217. doi:10.1175/BAMS-84-9-1205, 2003. 84
p. 1205-1217.

Reichle, R. H. and R. D. Koster, Bias reduction in short
records of satellite soil moisture. Geophys. Res. Lett., 2004.
31,L19501.

Boé¢, J., Terray, L., Habets, F. and Martin, E., Statistical and
dynamical downscaling of the seine basin climate for hydro-
meteorological studies. Int J Climatol 2007. 27 (12): p. 1643—
1655.

Amengual, A., Homar, V., Romero, R., Alonso, S. & Ramis,
C. Statistical Adjustment of Regional Climate Model Outputs
to Local Scales: Application to Platja de Palma, Spain. Journal
of Climate, 2012.

Vicek, O. and H. Radan, Is daily precipitation Gamma-
distributed? Adverse effects of an incorrect use of the
Kolmogorov—Smirnov test. Atmospheric Research, 2009. 93
p. 759-766.

Willmott, C. and K. Matsuura, Advantages of the mean
absolute error (MAE) over the root mean square error (RMSE)
in assessing average model performance.. Clim. Res., 2005.
30: p. 79-82.



71

[41]

[42]

[43]

Yekambessoun N’Tcha M’Po ef al.: Comparison of Daily Precipitation Bias Correction Methods
Based on Four Regional Climate Model Outputs in Ouémé Basin, Benin

Chai, T. and R. Draxler, Root mean square error (RMSE) or
mean absolute error (MAE)?— arguments against avoiding
RMSE in the literature.. Manuscript prepared for Geosci.
Model Dev. Discuss., 2014.

Bachner, S., A. Kapala, and C. Simmer, Evaluation of daily
precipitation characteristics in the CLM and their sensitivity to
parameterizations.. Meteorol Z 2008. 17 (4): p. 407—419.

IPCC, Summary for Policymakers. Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Contribution of

[44]

Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge, United Kingdom and New York,
NY, USA. 2014.

Dosio, A. and H.-J. Panitz, Climate change projections for
CORDEX Africa with COSMO-CLM regional climate model
and differences with the driving global climate models. Clim
Dyn, 2016. 46: p. 1599-1625.



